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MESSAGE FROM THE EDITOR 
 
 
 
USC Upstate is proud to announce publication of the tenth volume of the USC Upstate 

Student Research Journal. Our journal provides a glimpse into a few of the many high-quality 

research activities conducted by talented students and faculty at USC Upstate. The Journal is a 

compilation of outstanding papers from numerous disciplines submitted by undergraduate and 

graduate students who have been involved in faculty-mentored research, scholarly, or creative 

activities. Students involved in faculty-mentored extra-curricular projects enter the work-force with 

an enhanced skill set, including better problem solving, critical thinking, and team-working skills. 

Since many students who are educated at USC Upstate become employed in the region, support 

of academic research has a direct and positive impact on the Upstate of South Carolina.  

I would like to thank the contributing authors for providing a rich variety of outstanding 

articles on a broad range of exciting topics. In addition, I would like to express my extreme 

gratitude to the journal’s Editorial Board (see pages iii and iv to learn more about them). In a world 

where time is so very limited, their commitment to reviewing article submissions and providing 

constructive feedback to authors provides invaluable assistance in successfully producing journal 

volumes and in mentoring students in their writing endeavors. A special thanks to Veronica 

Quick, Designer and University Brand Manager in the USC Upstate University Marketing and 

Communications Office, for designing the outstanding cover of this volume of the Journal. Thanks 

also to Les Duggins for taking many of the pictures of campus and our contributing authors. 

Finally, we would like to thank Dr. Clif Flynn, Provost and Senior Vice Chancellor, who is 

dedicated to enhancing faculty and student research efforts at USC Upstate.    

If you have any questions or comments about the journal, or would like to receive a printed 

copy of the most recent volume of the journal, please contact Dr. Melissa Pilgrim, (864) 503-5781, 

mpilgrim@uscupstate.edu. The Journal is also available online at the website: 

https://www.uscupstate.edu/academics/sponsored-awards-research-support/student-

research-journal/. 

 
 

Enjoy! 
 

 
Melissa Ann Pilgrim 
Editor & Director of Research 
Office of Sponsored Awards and Research Support 
University of South Carolina Upstate 
800 University Way  
Spartanburg, SC 29303 
 

https://www.uscupstate.edu/academics/sponsored-awards-research-support/student-research-journal/
https://www.uscupstate.edu/academics/sponsored-awards-research-support/student-research-journal/
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THE EDITORIAL BOARD 
 

DR.  MELISSA P ILGRIM 
EDITOR-IN-CHIEF 
 

Dr. Pilgrim is an Associate Professor of Biology and the Director of 
Research. Her primary research focus involves an integrative approach to 
investigating how ecosystems respond to environmental change (natural 
and anthropogenic). She uses herpetological systems as her animal 
models and currently has an army of undergraduate students working with 
her in a research group called Upstate Herpetology. She has published 
works in several journals, including the following: Isotopes in 
Environmental and Health Studies; OIKOS; Copeia; and Southeastern 

Naturalist. 
 

DR.  JUNE CARTER 
ASSOCIATE EDITOR 

 

Dr. Carter is a Professor of Spanish and Director of the Center for 
Teaching Excellence. Her research interests include Latin American 
narrative and film; Afro-Hispanic literature; Latin American female writers; 
US Latino/a literature. She has published works in several journals, 
including the following: Anuario de Letras; Latin American Literary Review; 
Caribbean Quarterly; The Rocky Mountain Review; Prismal Cabral; and 
Studies in Afro Hispanic Literature. 

 

 

DR.  MICHAEL DINGER 
ASSOCIATE EDITOR 
 

Dr. Dinger is an Assistant Professor of Management. His research 
interests include information security and IT workforce management. He 
has published his work in several journals, including the following: MIS 
Quarterly; Information Systems Research; IEEE Transactions on 
Engineering Management; and Journal of Organizational Computing 
and Electronic Commerce. 
 

DR.  LYNETTE G IBSON  
ASSOCIATE EDITOR 

 

Dr. Gibson is an Associate Professor of Nursing and the Director of 
Research in Nursing at the Mary Black School of Nursing.  Her primary 
research is focused on increasing health equity in ethnic minorities. She is 
testing the effect of a community-based intervention on screening 
mammograms by African-American women. She has worked with several 
undergraduate nursing students in conducting and presenting this 
research. She was a 2014 Summer Nursing Research Institute Fellow at 
the Institute for Health Equity at the School of Nursing, University of Pennsylvania. She has 
published articles in Applied Nursing Research, ABNF Forum, Journal of the National Black 
Nurses’ Association, and Clinical Nurse Specialist™.  
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THE EDITORIAL BOARD (CONTINUED) 
 
DR.  TINA HERZBERG  
ASSOCIATE EDITOR 
 

Tina Herzberg, Ph.D. is an Associate Professor of Special Education and 
currently serves as Director of Graduate Programs for the School of 
Education. Her primary research interests are braille literacy and 
preparation of tactile materials for students who are visually impaired. Her 
research began with the exploration of quality in literary braille materials 
and has now transitioned to exploration of quality in math braille materials. 
Her work has primarily been published in the international peer-reviewed 
Journal of Visual Impairment & Blindness. Prior to her arrival at USC 

Upstate, she served as a general education classroom teacher, an itinerant teacher of students 
with visual impairment, specialist for a regional service center, and adjunct instructor.  
 

ELAINE MARSHALL 
ASSOCIATE EDITOR 

 

Elaine Marshall is the Director of Sponsored Awards at USC Upstate. 
She has been with the University since 1996 and works with all faculty 
and staff on the Upstate campus who pursue and receive grant 
funding. Elaine holds a national Certified Research Administrator 
Designation from the Research Administrators Certification Council. 
She also has a BA in English and History and a MA in English 
Literature from Clemson, where she also taught full-time before 
coming to USC Upstate. 
 

DR.  BEN MONTGOMERY 
ASSOCIATE EDITOR 
 

Dr. Montgomery is an Associate Professor of Biology. His research 
focuses on the evolutionary ecology of plant reproduction and plant 
pollinator interactions. He is currently focused on the partitioning of 
pollinators among different species of Silene, a genus of wildflowers with 
a wide array of floral traits and multiple pollination syndromes. Dr. 
Montgomery is also interested in delayed self-pollination as a 
mechanism that allows for cross pollinations while also providing 
reproductive assurance. His longer term research interests include 

competition for pollination between different species and mechanisms for the maintenance of 
cytoplasmic male sterility (CMS) as well as repercussions of CMS for the maintenance of genetic 
diversity. He has been working with the Spartanburg Trees Coalition to work toward the 
eradication of Kudzu in the natural area on the USC Upstate Campus and is the de facto curator 
of the Upstate Herbarium. He has published his work in several journals, including the following: 
Biological Invasions, Oecologia, Annals of Botany, American Midland Naturalist, Oikos, and 
Botany. 
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SAVE THE DATE! 
APRIL 13TH, 2018 

14TH ANNUAL SC UPSTATE RESEARCH SYMPOSIUM 

          Many of our journal articles represent expanded projects initially presented by 

our students as poster or oral presentations at the annual SC Upstate Research 

Symposium. The symposium is a regional event that provides a forum where both faculty 

and students from primarily undergraduate institutions can interact to discuss and share 

information regarding their research, scholarly and/or creative endeavors with each other, 

local high schools, and a variety of business and community leaders.  Please plan on 

joining us on USC Upstate’s campus for the 14th Annual SC Upstate Research 

Symposium on April 13th, 2018. To learn more and review past programs see 

https://www.uscupstate.edu/academics/sponsored-awards-research-support/research-

symposium/ 

 
 

 

 
 

https://www.uscupstate.edu/academics/sponsored-awards-research-support/research-symposium/
https://www.uscupstate.edu/academics/sponsored-awards-research-support/research-symposium/
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 GRANT WRITING: RECENT BIG WINNERS! 

 

Universities benefit substantially when faculty members are awarded external 
grant monies for research or service projects. Applying for grant opportunities is a very 
time consuming and tedious process which often times goes unrewarded since most 
opportunities are highly competitive with only a small percentage being funded. Grant 
monies are often used to support student research assistants and thus can have a very 
positive impact on a student’s academic experience. We would like to congratulate all 
USC Upstate faculty members who have recently been funded.  

 
 

ALL GRANT WINNERS (2017)                                                                                                                  
 
 

Baumgarner, Bradley MGS-Can a viable model of Danon disease 
cardiomyopathy be created from human iPSCs that 
contain a CRISPR/Cas9-mediated lysosomal LAMP2 
knockout? 

$3,000  

Baumgarner, Bradley MGS-Can the endocrine disrupting chemical tolylfluanid 
negatively impact insulin-dependent protein synthesis in 
mammalian skeletal muscle cells? 

$3,000  

Bucher, Mary External-Choose Well USC Upstate $30,000  

Cheng, Jack RISE-Nonlinearities of mortgage spread over the business 
cycles 

$6,000  

Dinger, Michael RISE-IT Role Embeddedness: Testing a Theory of IT 
Professional Behavior 

$6,000  

Egbue, Ona External-An Integrated Framework for the Optimal Control 
of Vehicle-to-Grid Systems 

$363,059  

Godfrey, Esther External-The Literature of Caregiving: Fostering a 
Humanities-based Culture of Care 

$2,600  

Hall, Garrison External-Carolina Eclipse Initiative: DREAM2EXPLORE 
Workshop 

$1,409  

Herzberg, Tina External-South Carolina Arts Leadership for Success 
Academy (SCALSA) 2017 

$41,000  

Herzberg, Tina RISE-Case Studies of Established Print Readers Learning 
and Using Braille and Technology in School and Home 

$5,997  

Hightower, Mary External-AP Institute - Studio Art 2017 $16,425  

Hoover, Ann RISE-The Role of Power in the Backlash Effect $6,000  

Hoover, Ann MGS-The Impact of African American Skin Tone on 
Causal Attributions 

$3,000  

Jenkins, Felicia RISE-Physical Activity and Cardiometaboilic Risk Factors 
in African American Women 

$6,000  
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Keen, Stefanie MGS-Smith-Implicit versus Explicit Bias for Disabled 
Persons in the Workplace 

$2,915  

Kofoed, Emily RISE-Silence at the North Pole: Russia's Rhetorical 
Strategy for Artic Sovereignty an Analysis of International 
Political Discourse in an Information Age 

$6,000  
 

Kusch, Celena External-Campus Compact Fund: Engaging the Public 
Rhetoric of Race in the First-Year Reading and Writing 
Program 

$5,000  

Kusch, Celena MGS-Transitional Communities and European Modernist 
Architecture 

$6,000  

Li, Frank MGS-An Empirical study of 4G LTE Cellular Network 
Vulnerabilities and Defense 

$3,000  

Merriweather, Helen External-ACHIEVE 2017-18 $364,476  

Monteso, Maria External-IV Annual Translation and Interpreting Panel: 
Literary Translation 

$1,000  

Mueller, Rebecca RISE-Learning by Doing: The Impact of Question 
Development and Implementation on Teachers' 
Understanding of Compelling questions 

$6,000  

Odhiambo, Calvin RISE-Black-White Racial Disparity in Cardiovascular 
Disease Risk among People with HIV-Aids in America: A 
Systematic Review and Meta-Analysis 

$6,000  

Pae, Holly External-Project CREATE 2017-18 $83,247  

Pariyadath, Renu ASPIRE-Narrating Disaster: Activist Use of the Right to 
Information Act to Re-tell the Story of Bhopal 

$15,000  

Pingley, Allison RISE-Czeching out of Communism $6,000  

Placek, Matthew RISE-Online News and Citizen Support for Democracy in 
Central and Eastern Europ 

$6,000  

Richardson, Nicole RISE-Through a Glass Darkly: Ye Shaoyuan's search for 
his Deceased Daughter in a Late Ming Séance 

$6,000  

Ruppel, Joshua External-Precision Glycopolymer Bacteriochlorin 
Conjugates for Biomedical Applications 

$53,649  

Ruppel, Joshua MGS-Magellan-Bennion-Synthesis and Characterization of 
beta-Functionalized Carbohydrate-Porphyrin Conjugates 

$3,000  

Shorter, Kimberly RISE-Effects of MTHFR function on epigenetics-related 
genes' expression in folic acid-treated SH-SY5Y cells 

$5,999  

Shorter, Kimberly MGS-An Investigation of the Effects of Folic Acid on 
Histone Modifications and Dendritic Spine Density in a 
Human Neuronal Cell Line 

$3,000  

Stolz, Nolan RISE-Recording Two Original Orchestral Compositions: 
"From The Hudson" and "Prairie View" 

$6,000  

Waldrop, Susannah External-Strengthening USC Upstate By Investing in 
Student Engagement and Advising Success 

$448,488  

Webb, Ginny MGS-The Effect of Flucytosine and Amphotericin B 
Treatment on Antiphagocytic Protein 1, a Virulence Factor 
of Cryptococcus neoformans 

$3,000  

Yu, Ning RISE-Developing an Open Source Deep Learning Tool 
Based on a Novel Auto-Encoder Algorithm 

$6,000  

TOTAL $1,539,264  
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STUDENT SPOTLIGHTS 
 
Each volume of USC Upstate’s Student Research Journal reserves a section to celebrate 

the efforts, activities and successes of our students. The spotlights are typically divided into two 
major categories: Alumni Spotlights and Nontraditional Student Spotlights. Students featured in 
the Alumni Spotlight section are nominated by faculty members excited about the transition of 
USC Upstate students into jobs and professional programs following graduation. Students 
featured in the Nontraditional Student Spotlight section are nominated by faculty members 
impressed by the advanced time management skills and multitasking abilities of students facing 
extra challenges during their tenure at USC Upstate (e.g., return to learn students, students 
working outside jobs and/or having a family). Occasionally there are spotlights centered on unique 
programs that resulted in research and professional experiences for students in a given year. In 
the current volume, we spotlight two non-traditional students, five USC Upstate alumni, and 
student participants in a National Science Foundation Research Experiences for Undergraduates 
(REU) program at the Savannah River Ecology Laboratory.   

 

 
 
 
 

NON-TRADITIONAL SPOTLIGHT: TRAVARES HILL-JONES 

  

Travares Hill-Jones is a native of Birmingham, AL.  She was 

raised in Atlanta, GA where she became a professional cosmetologist 
with her own successful salon. In 2011, her family moved from Georgia 
to South Carolina due to her husband’s work relocation. Making the 
transition to Greenville, SC was very difficult for her to adjust to. 
Therefore, Travares continued to travel back and forth from SC to 
Atlanta to work for about two years. Eventually, the demands of 
traveling burned her out and she could no longer commute. Her 
supportive spouse asked the question “Do you have the passion to 
change careers or what field of study are you interested in?”  This 
made Travares reflect on her strengths and what fueled her fire. 

Her compassion and desire to help those in need led to a career change and she began to 
pursue a degree in Nursing. Her journey started at Spartanburg Community College where she 
completed the prerequisites needed to get into Nursing School. Spartanburg Community College 
only offered an ASN in Nursing, but she desired to go as far as becoming a Family Nurse 
Practitioner. Travares continued to strive for excellence at SCC and transferred to USC Upstate 
where she was accepted into Mary Black School of Nursing (MBSON). 

As a rising senior she has maintained a 3.0 GPA average while juggling a hectic life as wife 
and mother of three children. She could have not achieved these accomplishments without the 
support from family, friends and nursing instructors at MBSON. The USC Upstate has played a 
major role in her past, present and future. The professional training and education will continue 
to be with her throughout her professional nursing career. She lives by the moto: "The best way 
to find yourself is to lose yourself in the service of others." —Mahatma Ghandi 
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NON-TRADITIONAL SPOTLIGHT: PEGGY SIMON 
 

Peggy Simon is the divorced mother of two adult children. I was 

raised on the Lower East Side of New York City, but spent many years 
living in Atlanta, Georgia, working as a civil drafter while raising my 
daughters. After retiring several years ago, I relocated to Spartanburg, 
South Carolina where I decided to return to school in hopes of fulfilling 
my dream of earning a degree in art. I am enrolled in Interdisciplinary 
Studies at USC Upstate with emphasis on studio art and art history.  I 
have experienced many exciting opportunities while attending USC 
Upstate. In 2012 I presented a paper at the SC Upstate Research 
Symposium. In addition, I had the opportunity to work in a museum 
setting. I am fortunate to have professors who care about my progress, and help me fulfill my 
academic goals. I found the return to school both challenging and exhilarating. I am having the 
time of my life, and am confident of becoming the art world professional I've always dreamed of 
being.  

 
 
 

 
 

ALUMNI SPOTLIGHT: JASMINE DESDUNE 
 

Jasmine Desdune, is from New York City and moved to South 

Carolina in 2006. She graduated with a B.S. in Psychology from USC 
Upstate in 2017. While attending Upstate, Jasmine worked as a 
research assistant for Dr. Ann Hoover on a project concerning power, 
gender, and leadership. Jasmine began her own research during the 
summer session of the Ronald E. McNair Achievement Program where 
she completed an award-winning systematic literature review on the 
effect of skin tone bias on the mental health of African American women. 
This became a subject of great interest and one that Jasmine continued 
to explore after receiving two university-funded grants that allowed her 

to develop and execute a study on skin tone bias and causal attributions. Jasmine later presented 
a poster of these findings at the 89th Annual Midwestern Psychological Association conference. 

Immediately following graduation, Jasmine entered Saint Louis University’s Clinical 
Psychology doctoral program where she is now a first year student. She is a member of the Race 
and Intergroup Dialogue lab, led by Dr. Kira Hudson Banks. Jasmine is currently aiding in projects 
that evaluate the relationship between colorism and drinking as a coping mechanism, and an 
Acceptance and Commitment Therapy intervention for Black women. 

Jasmine’s research interests continue to be primarily focused on Black identity and the effects 
of race on mental health outcomes. Jasmine chose to pursue a Ph.D. in Clinical Psychology 
because it merges her enthusiasm for research with her interest in community health and 
outreach for underserved and marginalized populations.  Jasmine hopes to continue to conduct 
studies that inform culturally competent care and to work with patients who lack adequate mental 
health resources. 
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ALUMNI SPOTLIGHT: KENDALL HENDERSON 
 

I transferred to USC Upstate my second year and wasn't sure at 
first where I would fit in. I knew I wanted to be an English major and I 
wanted to take creative writing classes, but I wasn't sure what my goals 
were or how much I really wanted to get involved on campus. I'd always 
been more of a disengaged student and didn't speak up in class, join 
clubs, or seek out any responsibility. Once I transferred to USC 
Upstate, though, I changed completely (and grew as a person more 
than I thought was possible) because of the faculty and my classmates. 
My professors reached out to me, I found organizations where I felt I 
belonged, and I took opportunities to challenge myself – all of which showed me that I could do 
more than just sit in class and take notes. 

The entire faculty of the LLC Department gave me a place at USC Upstate where I could 
genuinely explore ideas and grow as a student and person, and so many professors in particular 
continually surprised me with the level of personal effort they showed in getting to know me and 
encouraging me academically. From my first creative writing class with him, Dr. McConnell 
pushed me out of my shell – putting me in touch with the Writers Inc. team (which would become 
one of the best parts of my college experience), challenging me to improve and submit my writing, 
working with me on an independent study, and ultimately asking me to help edit the manuscript 
for his novel and present our process at the SC Upstate Research Symposium in 2017. I can say 
with certainty I'd have done none of these things on my own without his help and encouragement. 
Dr. Godfrey, my advisor and professor, and professor Dr. Knight were (and still are) also so 
influential to me and completely changed the way I think about literature (and the world) and 
myself as a writer.  

I graduated college with a sense of self that I'd never have had if it weren't for the professors 
who taught me, talked with me, and challenged me. I ended up working as a writer in digital media 
(after graduating with no plan) and every day I'm so grateful for the change I experienced at USC 
Upstate. When I was writing my resumes and answering interview questions it was the 
experiences above – things that USC Upstate gave me – that caught the interviewer's eye or even 
just gave me the confidence to know that I could write professionally and go for jobs I'd normally 
have been too intimidated to apply for. College is a pretty universally transformative time, but I tell 
everyone who asks that transferring was the best decision I've ever made because it 
completely shaped me into the person I am: a much more capable, skilled, and sure person than 
I'd have been without the time I had at USC Upstate and the professors I'm privileged to know. 

 

 

 

ALUMNI SPOTLIGHT: ALLISON JOHNSON 
 

Three years ago, my husband supported me in leaving my full-time 
data analyst job to pursue medicine as a career.  With no college degree 
at the time, selecting the undergraduate university from which I would 
earn my Bachelor of Science in Biology became an important choice. It 
was imperative that my undergraduate program would prepare me well 
for taking the Medical College Admissions Test, provide me ample 
opportunities for the extracurriculars necessary to build a competitive 
medical school application, and provide me with a strong science 
foundation in anticipation of the rigor of medical school itself. Because we 
had only lived in South Carolina for a couple years, I spent a lot of time 



 

 

USC Upstate Student Research Journal    Page | xi  
 

researching local universities. I did not know much about the University of South Carolina Upstate, 
but was attracted to the focused biology pre-medicine track (only one of many pre-professional 
curricula offered), small class and school size, and close vicinity to our home. To solidify USC 
Upstate as my school of choice, I was able to reach the Division Chair, Dr. Jeannie Chapman, of 
the Natural Sciences and Engineering Division directly by phone to have my remaining questions 
about the pre-medicine biology program answered. 

While working toward my B.S. in Biology at USC Upstate, the material covered in my science 
classes was thorough, and correlated closely with my MCAT studying. In addition, the learning 
expectations required of science majors were both fair and adequate. Regarding extracurricular 
activities, USC Upstate was large enough to (i) fund or obtain funding for meaningful 
undergraduate research opportunities and (ii) sponsor many campus organizations, several of 
which I became involved with—both in volunteer and leadership capacities. USC Upstate also 
provided me with a unique, short-term opportunity to study abroad that was made possible despite 
my family responsibilities. All components of my USC Upstate experience complemented my 
personal background to build a successful medical school application. 

Now that I am halfway through my first year of medical school at the University of South 
Carolina School of Medicine Greenville, I can vouch for the strong base in science laid down for 
me through the University of South Carolina Upstate. As one of my fellow medical students 
recently commented to me, “You seem like you have a great foundation [in science-based 
coursework].” I know the credit belongs to the University of South Carolina Upstate. I am so 
grateful for how USC Upstate prepared me for medicine at a level that far exceeds that necessary 
to succeed as a medical student.  

 
 

 

ALUMNI SPOTLIGHT: ANSLEY MCCRAW 
 

I graduated from The University of South Carolina Upstate with a 
B.S. in Business Administration in the spring of 2017. I attended the 
USC Upstate directly after high school where I stayed all four years to 
complete my coursework. I am extremely honored to be a graduate of 
a university that helped mold me into the person that I am today, both 
personally and professionally.  

While I was studying at USC Upstate, I learned a tremendous 
number of skills that everyone needs for their professional life, such as 
public speaking, research tools, and the ability to network. I took 
several courses that I felt set me up for success for my future in the 
long awaited "real world". Post-graduation I accepted a job at a local 
news station, WSPA-TV & WYCW-TV, located right here in 
Spartanburg, SC. I cannot express enough how much influence that USC Upstate and the 
professors there helped me land such a great job right out of college. I first heard about the job 
opening through career services from USC Upstate and then reached out to one of my professors, 
Kim Land, who wrote a wonderful recommendation letter for me, as well as allowed me to use her 
as an academic reference. I am certain that if I had not studied at USC Upstate, I would not have 
landed this wonderful opportunity.  

In the near future, I plan to obtain a Master’s Degree in Health Administration from The 
University of North Carolina- Charlotte. As I take on this next journey in my academic career, I 
plan to use all of the skills and tools that I learned from The University of South Carolina Upstate 
in order to continue to be successful. I will forever be proud to be a Spartan!  #SpartanStrong 
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ALUMNI SPOTLIGHT: ELIZABETH PERRY 
 

 
I returned to college at the age of 26 to complete a degree that I had 

started 8 years previously. Like so very many students, I began college 
immediately after high school--as expected--and immediately began to 
waver. What did I want? How should I get there? What should the rest 
of my life look like? I changed majors multiple times, and finally decided 
to walk away until I figured out what I truly wanted. Life helped my find 
my direction (as it frequently does) and when I returned I had great 
resolve to finish what I started and keep working towards my goals. 

Upon returning to USC Upstate, I discovered that Interdisciplinary Studies would be the best 
fit in helping me complete my degree and focus on the areas that truly interested me. While at 
USC Upstate, I was fortunate enough to engage in independent study, research presentations, 
and internships that all helped me gain connections within my field of study and confidence in my 
abilities. I completed my Bachelor of Science Degree in IDS with emphasis in Psychology and 
Sociology, and graduated in May 2011. 

I was fortunate enough to be offered employment from the agency where I completed my 
internship once I graduated. In addition, I worked with SAFE Homes-Rape Crisis Coalition as a 
Victim Advocate while I began my graduate education at Gardner-Webb University majoring in 
Mental Health Counseling. When it came time to begin my graduate internships, I remembered 
the wonderful experience I had at USC Upstate, and returned to work in the Counseling Center 
on campus. I truly enjoyed working with the staff and students at USC Upstate, and learned a lot. 
I completed my Master’s Degree in August 2014, and began working for The Forrester Center for 
Behavioral Health soon after graduation. At the center I worked with individuals with substance 
use disorders, offering individual and group counseling to people from a variety of backgrounds 
and circumstances. I stayed in contact with several people here at USC Upstate, and when an 
opportunity to return as an adjunct instructor came open, I jumped at the chance. I was so thrilled 
to be offered the prospect of returning and giving back to the place that had given me so many 
opportunities, and to work alongside some of the same professors who taught me so well. 

As for what the future holds, I’m very excited about what may happen! I’m completing the last 
few hours for my Licensed Professional Counselor (LPC) certification, I’m a Nationally Certified 
Counselor (NCC), and have plans to balance my work at USC Upstate with private practice work 
with an agency in Spartanburg. I have a one-year-old daughter, and a husband I also enjoy 
spending time with, and truly feel like USC Upstate has given me the tools I need to accomplish 
anything I set my mind to. I’m grateful for the support and knowledge my USC Upstate professors 
have given me, as well as the opportunity to “pay it forward” by helping the new class of students 
find what inspires them and learn of the great possibilities they have in front of them. 
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2017 NATIONAL SCIENCE FOUNDATION 
RESEARCH EXPERIENCES FOR UNDERGRADUATES SPOTLIGHT 

 

A COLLABORATIVE EFFORT MEANS STUDENTS WIN BIG! 
 

In 2015, Dr. J Vaun McArthur of the University of Georgia and Dr. Melissa Pilgrim of the 
University of South Carolina Upstate were awarded a three-year National Science Foundation 
Grant that supports a Radioecology Research Experiences for Undergraduates (REU) program 
at the Savannah River Ecology Laboratory. The REU program provides the only hands-on training 
opportunity in radioecology for undergraduates in the world. Students are engaged in field and 
laboratory studies aimed at understanding (i) the fate of radionuclides in environmental systems; 
(ii) the impact of radionuclides on the environment; and (iii) biogeochemical and physiological 
processes by means of tracer studies. The REU research projects advance knowledge and 
contribute information that increases our understanding of how energy production impacts (i) 
water, soil, and food quality; and (ii) human and wildlife health. Excitingly, the REU program is 
possible because several agencies and universities are willing to collaborate. Specifically, the 
program would not be possible without the following partners (listed in alphabetical order): the 
Department of Energy, the National Science Foundation, the University of Georgia, The University 
of South Carolina Aiken, The University of South Carolina Columbia, and the University of South 
Carolina Upstate. By collaborating, undergraduate students from across the nation stand to gain 
hands-on training while being financially supported (for more details regarding the program please 
see http://srel-reu.uga.edu). Exciting aspects of the program for our USC Upstate participants 
include the opportunity to (i) work alongside a peer group from across the nation, (ii) work with 
scientists in research laboratories with advanced analytical capabilities, and (iii) start building their 
professional network. Summer 2017 was the third summer of the program; the pages that follow 
provide each 2017 participant’s research project abstract. 

http://srel-reu.uga.edu/
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2017 PARTICIPANTS 

 
  

 

2017 NSF REU SPOTLIGHT: PAIGE BARNES 
Why Are Some Individuals Demographically Important in Fragmented Landscapes? 

Paige Barnes, Christopher Warneke, Lars Brudvig  
Michigan State University, East Lansing, MI 48825 

ABSTRACT. Our team has explored how fragmentation and corridors impact population-level processes through 

the study of seven focal plant species, which were transplanted in 2007 into a replicated set of fragmented 

experimental landscapes. These were founder populations, not already present in our experimental sites. During 

the past decade, there has been large variation in the amount of recruitment among these founder individuals; 

relatively few of the individuals have contributed disproportionately to the recruitment of new plants. However, there 

is a knowledge gap regarding the mechanisms that govern why some individuals have become demographically 

important, contributing to the vast majority of recruitment, and others have not. We hypothesize that variation in 

competitive neighborhood and water availability at each plot are important factors for recruitment. At each of the 

448 founder population trans-plant plots, we surveyed to determine the proportion of ground covered by litter, bare 

ground, and vegetation (separated by functional group into grasses, woody species, legumes, and non-legume 

forbs) using a 1x1m quadrat placed systematically 1m from each founder plot. Second, we examined the light 

availability at each plot, using a densiometer at each vegetation quadrat. Once the data collection is complete and 

the data are analyzed, we hope to find trends among recruitment, soil water holding capacity, and competition that 

allow for the prediction of keystone individuals. Also, as a supplementary experiment, two types of asterid seeds 

(Carphephorous bellidifolius and Liatris earlei) were sown into transects at differing elevations on a slope, where 

soil moisture varies. Half the plots along each transect were mowed, clearing competition in order to explore 

germination success based on soil moisture and biotic competition. Once the data collection for both studies is 

complete and the data are analyzed, we hope to find trends among recruitment, soil water holding capacity, and 

competition that allow for the prediction of keystone individuals. 
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2017 NSF REU SPOTLIGHT: KIP CALLAHAN 
Mercury and Radiocesium Concentrations Among Tissues of Nerodia floridana 

Inhabiting Former Nuclear Reactor Cooling Reservoirs 
Kip Callahan1,2, Melissa Lech1,2, James Leaphart2, Tracey Tuberville2, Melissa Pilgrim1,2 

1 = University of South Carolina Upstate, Spartanburg, SC 29303 
2 = Savannah River Ecology Laboratory, University of Georgia, Aiken, SC 29802 

 

2017 NSF REU SPOTLIGHT: DEMETRIUS CALLOWAY 
The Fate of Atmospheric Mercury (Hg) in Ephermal Wetlands 

Demetrius Calloway1,2, Cara Love2, David Scott2, Stacey L. Lance2 

1 = Fort Valley State University, Fort Valley, GA 31030 
2 = Savannah River Ecology Laboratory, University of Georgia, Aiken, SC 29802 

ABSTRACT. Anthropogenic activities have resulted in the exposure to and accumulation of certain contaminants 

in wildlife and humans. For contaminants that can bioaccumulate, where they end up in the organism varies due to 

the biochemical properties of the contaminant. Studying this variation can help to determine risk for the organism, 

predators, and ecosystem. This summer we had the opportunity to investigate the distribution of radiocesium (Cs-

137) and mercury (Hg) among tissues of Nerodia floridana. Our project objectives were to 1) quantify Cs-137 and 

Hg concentrations among tissues of  and 2) determine which non-destructively sampled tissue (scale clips or tail 

tips) would best predict Hg concentrations in destructively sampled tissue (muscle, liver, and kidneys). For our 

project, we used sixteen snakes that incidentally drowned in aquatic traps over the last three years. We quantified 

snake whole-body radiocesium concentrations using a NaI TI Gamma Detector; snake whole-body radiocesium 

ranged from 0.0 to 0.65 Bq/g wet weight. We dissected the snakes following whole body counts. We quantified 

tissue Hg concentrations (dry weight) using a DMA-80 Hg analyzer and found muscle to have the highest Hg levels 

(mean:  0.87±0.08 PPM), followed by kidney (0.49±.04 PPM), liver (0.47±.04 PPM), tail tip (0.25±0.06 PPM), and 

scale clip (0.24±0.06 PPM). Regression analyses indicated significant positive relation-ships between Hg 

concentrations in non-destructive samples and destructive samples, which indicates non-destructive samples can 

be informative indicators of Hg accumulation in N. floridana. We used a Cobra II Auto gamma counter to determine 

Cs-137 concentrations (dry weight) for pooled samples of liver, kidney and muscle. Liver had the highest Cs-137 

concentration (2.6 Bq/g), followed by muscle (2.2 Bq/g) and kidney (1.9 Bq/g).  The pattern of among tissue variation 

we observed differed from previous research as muscle typically has the highest Cs-137 concentration and liver 

typically has the highest Hg concentration.in the effluent solution. Overall, a greater understanding of the complexity 

of the saltstone system will allow us to use modeling to predict long term performance of Saltstone. 

 
 
 

 

 

 

 

ABSTRACT. Bioaccumulation of mercury in aquatic food chains represents a risk both to aquatic organisms and 

to humans and wild-life that feed on aquatic organisms. Once in an environment, methylmercury (MeHg) can be 

formed from inorganic Hg by microbial action. MeHg is the most harmful and toxic form of Hg because it is the 

easiest for biota to accumulate. Mercury enters the environment from a multitude of ways including: industrial 

activities, farming, and atmospheric deposition. Water level fluctuation can increase levels of Hg in semi-permanent 

and permanent wetlands. Previous studies have focused on Hg accumulation in fish and thus did not examine 

wetlands that dry frequently. Such wetlands have hydroperiods ranging from 3 – 12 months and support tremendous 

biodiversity that may be at risk of high levels of Hg exposure. Our goals were to determine if Hg levels in sediments 

and biofilms of ephemeral wetlands relate to hydroperiod and if Hg levels in sediments of wetlands are higher at 

the edge, due to increased water fluctuation. We sampled sediments and biofilms in twelve southeastern ephemeral 

wetlands with hydroperiods ranging from long (9-12 months) to short (3-9 months). We sampled from three different 

locations within each wetland: edge, midway from center and the center. Samples were lyophilized, homogenized, 

sorted and weighed, and then put on a DMA 80 for mercury analysis. We found significant variation in Hg 

concentrations among the wetlands, but that variation was not explained by hydroperiod or location sampled for 

sediment or biofilm.  There was a trend for shorter hydroperiod wetlands to have more Hg, but it was not a significant 

relationship. Contrary to our predictions, there was a trend of higher Hg in the center of the wetland, but again this 

was not significant. Additional studies are needed to investigate what is driving the among wetland variation in Hg 

levels. 
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2017 NSF REU SPOTLIGHT: MICHAEL CHRISTIANSON 
Multiple Stressors in Larval Anurans: Ranavirus and Chronic Copper Exposure 

Michael R. Christianson1,2, Brooke E. Lindell2,3, Olin E. Rhodes, Jr.2,4, Dean E. Fletcher2 
1 = University of South Carolina Aiken, Aiken, SC 29801 

2 = Savannah River Ecology Laboratory, University of Georgia, Aiken, SC 29802 
3 = College of Charleston, Charleston, SC 29424 

4 = Odum School of Ecology, University of Georgia, Athens, GA 30602 

 

 
  

2017 NSF REU SPOTLIGHT: ELIZABETH DIBONA 
Assessing Radiocesium in Various Biota in Unstudied Reaches of the R-Canal System 

Elizabeth DiBona1,2, Alexis Korotasz2, Larry Bryan2  
1 = Presbyterian College, Clinton, SC 29325 

2 = Savannah River Ecology Laboratory, University of Georgia, Aiken, SC 29802 

ABSTRACT. Mercury is a widespread contaminant in aquatic systems on the Savannah River Site (SRS) and is 

considered one of the most serious environmental health threats to humans and wildlife. Mercury can 

bioaccumulate in organisms and biomagnify within food webs. Fish are of particular interest in studies of mercury 

accumulation as they are generally near the top of aquatic food webs and are often consumed by humans. There 

are various methods for assessing contaminant loads in fish, both lethal and nonlethal. Our study investigated 

whether or not non-lethal methods (i.e., blood, muscle biopsy, scales, and fins) were viable surrogates for lethal 

methods (i.e., liver and muscle) of contaminant loads in fish. We captured, sacrificed and dissected 15 Largemouth 

bass (Micropterus salmoides) from the hot arm of PAR pond. We then freeze dried, homogenized, and quantified 

Hg levels in both lethal and non-lethal samples taken from these bass. Results showed no significant differences 

between mercury concentrations estimates of muscle, liver, and muscle biopsy. However, estimates from liver had 

more variation among individual bass than did estimates from muscle tissue. The muscle biopsy had a strong 

positive relationship with muscle taken from the homogenized filet. All samples, with exceptions of the anal fin and 

scales, exhibited strong correlation with one another (r > 0.641, p <0.001). Our research indicated that muscle 

biopsy can be used as a non-lethal estimator of mercury burden that can be easily applied for ecological health risk 

assessments. Majority of fish captured of state harvest regulation size, exceeded the EPA’s consumption advisory 

threshold of 0.3 ppm wet Hg. In the future, we hope to quantify (1) the impact of various sized muscle biopsy tools 

on fitness of fish, and (2) relationship between estimates of trace elements from lethal and nonlethal samples taken 

from bass as part of this experiment. 

 

 
 
 
 

 

 

 

 

ABSTRACT. Radiocesium (137Cs) is a gamma-emitting radioisotope found on the Department of Energy’s 

Savannah River Site due to past nuclear weapon production. This radioisotope has a half-life of 30.17 years, and 

is metabolized like potassium, making this contaminant readily available for biota uptake. Earlier studies have 

examined radiocesium levels in biota at selected locations the Savannah River Site. Major contamination sites 

included cooling canals of R-Reactor known as called the R-Canal. For the purpose of this study, we divided R-

canal into three sequential canals separated by Pond A, Pond B and Par Pond. Historically, little research has 

occurred to establish a baseline for the current species and radiocesium levels in the canals between Pond A and 

Pond B (R-Canal 2) and Pond B and Par Pond (R-Canal 3). Our study focused on these canals to determine the 

biological composition and quantify levels of radiocesium in local fauna. Seven sites within the designated study 

area were selected for sampling based on weir location, structures built to prevent flows back toward the reactor, 

and overall distribution along the canals. Ten minnow traps were placed at each site for 3 weeks and checked daily. 

Biofilms plates were placed at each site for 30 days to sample producer 137Cs levels. We collected 217 samples 

and quantified 137Cs levels using gamma spectroscopy. Our data indicated: (1) eleven different species in the 

canals, resembling the biota previously found in Pond A and Pond B, (2) a significant difference in 137Cs 

concentration based on canal, with biota in R-Canal 3 > R-Canal 2, (3) no significant variation in radiocesium level 

among species, and (4) no significant variation based on weir location relative to sample site. Further uptake and 

bioaccumulation studies conducted on these canals would further the understanding of the fate of radiocesium in 

this and similar ecosystems. 
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2017 NSF REU SPOTLIGHT: JESSICA GRAY 
Comparison of Contaminant Accumulation in Reservoir Fishes of Different 

Trophic Levels and Habitats 
Jessica Gray1,2, Brooke Lindell2, Michael Christianson2,3, Paul Stankus2, Olin Rhodes, Jr.2, Dean Fletcher2  

1 = University of Georgia, Athens, GA 30605 
2 = Savannah River Ecology Laboratory, University of Georgia, Aiken, SC 29802 

3 = University of South Carolina Aiken, Aiken, SC 29801 

   

2017 NSF REU SPOTLIGHT: JACOB JAKIELASZEK 
Impact of Radionuclides and Heavy Metals on Antibiotic Resistance in Sediment 

and Water Column Bacteria 
Jacob Jakielaszek1,2, Larry Bryan1, J Vaun McArthur1,3 

1 = Savannah River Ecology Laboratory, University of Georgia, Aiken, SC 29802 
2 = Temple University, Philadelphia, PA 19121 

3 = Odum School of Ecology, University of Georgia, Athens, GA 30602 

ABSTRACT. Heavy metals and radiation have been shown to induce antibiotic resistance in bacteria when chronic 

exposure persist in their environment. Possible mechanisms behind this phenomenon are: co-resistance, cross-

resistance, horizontal gene transfer, the SOS mediated response, as well as genetic mutation. This study broadly 

focused on understanding levels of antibiotic resistance potentially induced by Hg and gamma radiation from Cs-

137. Four Mile Branch, located on the Savannah River Site, contains uncontaminated head waters, which originate 

on site, as well as lower reaches contaminated by seepage from radioactive burial grounds. Our goal was to 

determine relationships between levels of contamination in Four Mile Branch sediments and water column with 

antibiotic resistance found in bacteria. Bacteria from Four Mile Branch were collected, isolated and screened for 

antibiotic resistance. Biofilm samples were collected using polycarbonate plates, which were suspended in the 

water column for 30 days allowing for colonization and subsequent biofilm formation of planktonic bacteria. 

Sediments at each location were also collected. Biofilms and sediments were analyzed for Hg and levels of Cs-

137. Each sample type was diluted then spread on NB agar plates to grow. Ten individual colonies were randomly 

isolated. Two hundred and forty isolates were screened for antibiotic resistance using a 96 well Sensititre® plate, 

which contained 23 antibiotics in 26 different combinations. Two hundred and twenty four of 240 isolates yielded 

viable results and suggest that bacteria from the water column are different from those found in sediments. Areas 

with chronic contamination from Hg and Cs-137 induced differing levels of resistance in isolates. In general, our 

predictions were met, however biofilms from the head waters exhibited higher levels of resistance than expected. 

 
 

 

 

ABSTRACT. Par pond is a former nuclear reactor-cooling reservoir on the U.S Department of Energy’s Savannah 

River Site in South Carolina. Reactor operation resulted in the reservoir being contaminated with radiocesium. 

Additional contaminants such as mercury were introduced in Savannah River water that was pumped through the 

system. Although the reservoir is not open to public fishing, study of contaminant accumulation among Par pond 

fishes could lead to better understanding of contaminant dynamics in reservoir systems. Diverse species of fish 

reside in Par Pond, many of which differ in habitat use, feeding strategies, and trophic levels. We hypothesized 

these differences to produce significant variability in accumulation among various fish species. Fish were collected 

from the reservoir by boat-electrofishing and shoreline seining. Muscle samples were collected from larger fish and 

whole eviscerated body composites used for smaller fish. Subsamples were analyzed for 20 major/trace elements 

and radiocesium. Mercury and radiocesium accumulated highest in large predatory fish which also differed in 

accumulation. In contrast, mercury was lowest in the omnivore that had much algae in its gut.  Mercury accumulation 

was similar among most, but not all species of small predators, whereas radiocesium varied little among these taxa. 

Mercury concentration positively correlated to total length and body weight in most fish species, while radiocesium 

less frequently correlated with body size. Mercury accumulation appears to increase with trophic level both among 

and within species. Radiocesium was only higher in larger predators. Many trace elements accumulated in relatively 

few fish and often to only low levels.  Based on these data, contamination of Par Pond by these elements does not 

appear to be a concern. Much variability was observed among genera that could not be explained by body size, 

habitat use, or expected trophic position. Future work should evaluate differences in diet within a trophic level. 
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2017 NSF REU SPOTLIGHT: MELISSA LECH 
Investigating Biomagnification of Mercury and Radiocesium in Nerodia floridana 

Using Stable Nitrogen Isotopes 
Melissa E. Lech1,2, Tracey D. Tuberville2, Melissa A. Pilgrim1,2 

1 = University of South Carolina Upstate, Spartanburg, SC 29303 
2 = Savannah River Ecology Laboratory, University of Georgia, Aiken, SC 29802 

 
2017 NSF REU SPOTLIGHT: ROBERT LEWIS III 

Impact of Biomineralization of Organophosphates on Uranium Availability in 
Riparian Sediments 

Robert T. Lewis III1,2, John C. Seaman2, Fanny M. Coutelot2, Matthew Baker2 
1 = Florida Agricultural and Mechanical University, Tallahassee, FL 32309 

2 = Savannah River Ecology Laboratory, University of Georgia, Aiken, SC 29802 

ABSTRACT. Determining the fate of contaminants in ecosystems is important for conservation efforts and human 

health.  Previous studies have shown that some contaminants bioaccumulate in organisms and can biomagnify 

through food webs. In order to determine if biomagnification is occurring, trophic level must be quantified. Often 

trophic level is inferred from taxonomy or collected by sacrificing organisms and examining stomach contents. Stable 

isotope techniques provide a non-lethal alternative for evaluating trophic transfer. Our first objective was to examine 

the relationship between nitrogen isotopic composition (δ15N) and contaminant concentrations [i.e., mercury (Hg) 

and radiocesium (137Cs)] in Nerodia floridana collected from former nuclear cooling reservoirs. Our second objective 

was to investigate potential intraspecific differences in trophic level occupied by Nerodia floridana. We used scale 

samples taken from Nerodia floridana (N=74) trapped in 2016 at three locations on the Savannah River Site: Par 

Pond, Pond B, and Pond 2. We dried scale samples for 24-48 hours at 40-50° C and weighed 0.3 mg of scale into 

tin capsules. Isotopic composition of packaged samples was determined using a Finnegan Delta Plus isotope ratio 

mass spectrometer. When we combined samples for all study sites, we found a positive relationship (r2=0.29, d.f.=73, 

p <0.001) between δ15N and Hg concentrations. We found a significant positive relationship (r2=0.85, d.f.=9, 

p<0.001) between δ15N and 137Cs for individuals collected at Par Pond and a non-significant positive trend between 

δ15N and 137Cs concentrations for individuals collected at Pond B. In addition, nitrogen isotope values ranged from 

5.6 to 9.3, which is typically interpreted as spanning two trophic levels. Our results support biomagnification of 

contaminants is occur-ring in our study systems. Future directions will include establishing a δ15N system baseline 

for the three study sites by quantifying contaminant concentrations and δ15N values of prey organisms occurring at 

each site. 

 
 
 
 
 

 

 

 

 

ABSTRACT. Uranium (U) is a widespread radioactive contaminant in soils and sediments on the US Dept. of 

Energy’s Savannah River Site near Aiken, SC. In situ remediation is less costly, reduces worker exposure, and is 

less likely to spread contaminants com-pared to conventional remedial methods, such as soil excavation and 

disposal. Phosphate amendment has proven to form minerals with Uranium. At low pH and oxic environments, 

U(VI)-phosphate minerals, such as autunite, have a low solubility, making them good candidates for in situ U 

immobilization and remediation. Unfortunately, the general solubility of orthophosphates (PO43-) limits their 

application to systems where they can be mechanically incorporated within the contaminated soil.  However, 

microbes can produce PO43- via organophosphate mineralization. In the current study we set out to determine if 

native microbial communities were capable of metabolizing inositol hexaphosphate (IP6), commonly known as 

phytate, characterize the rate at which this process occurs, and the interactions of IP6 with soil particles. In order 

to characterize the ability of local microbial community to mineralize IP6 as PO43-, a batch mesocosm experiment 

was conducted under biotic and abiotic conditions. The wetland soil was equilibrated with IP6 and with and without 

enzymatic catalyzers (phytase) and an added carbon source (i.e., sucrose). Results showed that the addition of 

IP6 raised soil pH, dispersed soil clay, enhanced the solubility of natural soil organics and also increased the amount 

of soluble PO43- over time. The addition of phytase and a carbon source did little to affect the rate of IP6 dissolution. 

Future directions for this project are to see if orthophosphate produced by microbes are able to form insoluble U(VI)-

phosphate minerals in the Tims Branch sediment. 
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2017 NSF REU SPOTLIGHT: ALLYSSA MCCUTCHEON 
The Effects of Habitat Shape and Connectivity on Bee Functional Traits in 

Fragmented Habitats 
Allyssa McCutcheon1,2, Sean Griffin3, Sabrie Breland4, Ellen Damschen1 

1 = University of Wisconsin-Madison, Madison, WI 53706 
2 = University of Vermont, Burlington, VT 054052 

3 = North Carolina State University, Raleigh, NC 27695 
4 = Michigan State University, East Lansing, MI 48824 

 

2017 NSF REU SPOTLIGHT: MARIELA MUÑIZ-GONZALEZ 
The Impact of Contaminants on Growth, Development, and Disease Susceptibility 

Mariela Muñiz-Gonzalez1,2, Julie L. Ziemba2,3, Stacey L. Lance2  
1 = University of South Carolina Aiken, Aiken, SC 29801 

2 = Savannah River Ecology Laboratory, University of Georgia, Aiken, SC 29802 
3 = Odum School of Ecology, University of Georgia, Athens, GA 30602 

ABSTRACT. Studies show that habitat corridors, which act as a bridge between fragmented habitats, promote 

species richness and help conserve native species in fragmented habitats.  Within fragmented habitats, community 

characteristics like richness and abundance can been altered by edge-center, habitat shape, and temperature 

differences, though few studies have examined how fragmentation and connectivity affect interspecies interactions 

and plant/animal networks in these environments.  With recent concerns about world-wide pollinator declines, it is 

becoming increasingly important to the effects of habitat fragmentation and edge exposure on pollinators and their 

associated plant communities.  The goal of this study was to determine the effect of habitat shape and connectivity 

on bee abundance, species richness, and functional traits. We hypothesized that bees would be more abundant 

and have higher trait diversity and species richness in fragmented patches with a higher perimeter to area ratio due 

to the temperature effects of increased habitat edge.  To examine bee communities, we collected bee specimens 

at habitat edge and center locations within fragmented habitat patches of different perimeter to area ratios and one 

patch with a biological corridor.  Pan traps, which are painted plastic cups filled with soapy water, were used to 

attract and capture specimen in the field.  We also measured bee functional traits including body size, nesting type, 

sociality, parasitism, and resource specialization. Though data collection and analysis are still underway, we expect 

to observe differences in bee functional traits between habitat edge and center, and between patches with different 

perimeter to area ratios that will aid in future research of pollinator communities in fragmented landscapes. 

 
 
 
 
 

 

 

 

 

ABSTRACT. Amphibian populations are declining globally due to habitat loss and other anthropogenic and natural 

stressors. Among these stressors are contaminants and emerging diseases. Often, these stressors co-occur, yet 

few studies have investigated the impacts of exposure to metal contaminants on disease susceptibility in 

amphibians. The U.S. Department of Energy’s Savannah River Site (SRS) is ideal for looking at these stressors 

because there are wetlands with and without metal contamination. Also, ranavirus, an emerging disease that causes 

die-off events in amphibians, is prevalent in SRS wetlands. On the SRS both copper (Cu) and radiocesium (137Cs) 

are common contaminants. Metal exposure has been linked to immuno-suppression in various taxa and Cu 

exposure, in particular, can cause altered growth rates and reduced size at metamorphosis in amphibians. Smaller 

size at metamorphosis, in turn, has been linked to reduced immune function. Our goal was to determine the 

sublethal effects of Cu and 137Cs on growth, development, and ranavirus susceptibility of Anaxyrus terrestris 

(Southern toads). Tadpoles were reared at four wetlands on the SRS: one Cu-contaminated, one 137Cs 

contaminated, and two uncontaminated wetlands. We monitored growth and development in the field over two 

weeks and then returned the toads to the lab. After individuals metamorphosed, we exposed them to ranavirus or 

sham treatments and sacrificed them five days after exposure.  We extracted DNA from each toad to measure viral 

load via quantitative PCR. Overall, rearing site significantly affected growth and development, with those in the Cu-

contaminated environment growing the fastest. Rearing site did not significantly affect viral load, but toads reared 

in the Cu-contaminated site had the highest loads. Individuals from the 137Cs contaminated site did not accumulate 

contaminants and we are still analyzing the Cu body burdens.  Thus, at this time it is unclear whether ranavirus 

susceptibility was affected by contamination in the toad larval environment. 
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2017 NSF REU SPOTLIGHT: CALEIGH QUICK 
The Effects of Mercury and Radiocesium on the Probability of Hemoparasite 

Infections in Nerodia floridana 
Caleigh Quick1,2, David Haskins2,3, Melissa Pilgrim2,4, Tracey Tuberville2,3 
1 = SUNY College of Environmental Science and Forestry, Syracuse, NY 13210 
2 = Savannah River Ecology Laboratory, University of Georgia, Aiken, SC 29802 

3 = D.B. Warnell School of Forestry and Natural Resources, University of Georgia, Athens, GA 30602 
4 = University of South Carolina Upstate, Spartanburg, SC 29303 

 
2017 NSF REU SPOTLIGHT: MANETTE TANELUS 

Parasites as Potential Indicators of Individual and Ecosystem Health:  
A Case Study with Largemouth Bass (Micropterus salmoides) 

Manette Tanelus1,2, Guha Dhamarajan1,3 
1 = Savannah River Ecology Laboratory, University of Georgia, Aiken, SC 29802 

2 = University of South Carolina Upstate, Spartanburg, SC 29303  
3 = D.B. Warnell School of Forestry and Natural Resources, University of Georgia, Athens, GA 30602 

ABSTRACT. Parasites occur in nearly every ecosystem and often interact in complex ways with other stressors 

that their hosts experience. Pollution is a form of anthropogenic stress that is pervasive in many freshwater and 

marine environments. Some pollutants, such as mercury (Hg) and radiocesium (137Cs), may make hosts more 

susceptible to parasitism if host immunological capabilities are negatively affected. Our study’s primary objective 

was to determine if Hg and 137Cs concentrations affected the likelihood of Florida green water-snakes (Nerodia 

floridana) to be infected with hemoparasites.  In the summer of 2016, snakes were collected from three former 

nuclear cooling reservoirs on the Savannah River Site (SRS): PAR Pond, Pond B, and Pond 2. Hg levels in tail tips 

and whole body 137Cs concentrations were quantified and whole blood was collected and used to create blood 

smears.  This summer, we stained blood smears from 67 snakes to visualize hemoparasites. We scanned them in 

a zigzag fashion under 1000x magnification using oil immersion. We counted 8,000 erythrocytes per slide and 

recorded the number of cells infected with Hepatozoon spp. We calculated prevalence (percentage of individuals 

infected with hemoparasites) and parasitemia (percentage of erythrocytes infected with hemoparasites) and found 

that snakes from Pond 2 had the highest prevalence (73.8%) and mean parasitemia (0.12% ± 0.04, range: 0.00 – 

1.29). Data analysis revealed that although Hg concentration was not a significant predictor of the probability of a 

snake being infected with hemoparasites, 137Cs was. Snakes with higher concentrations of whole body 137Cs had 

a significantly lower probability of becoming infected with hemoparasites. Our results suggest that low doses of 

radiation may impact host-parasite relationships between Hepatozoon spp. and N. floridana on the SRS.   

 

 

 

 

 

ABSTRACT. Mercury cycling occurs globally due to natural sources and anthropogenic activities. Anthropogenic 

activities such as burning fossil fuels, and mining accounts for two thirds of the mercury cycling in the environment. 

The Department of Energy’s Savannah River Site was once a nuclear operations site. Studies at this site have shown 

mercury bioaccumulates in aquatic food webs, but little has been done in relation to disease ecology. The main aims 

of this study were to test if: (a) levels of mercury exposure in fish were associated with parasite burden; (b) mercury 

concentrations differed significantly among different parasite taxa. Largemouth Bass (n = 18) were sampled by pole 

fishing, and for each fish, we enumerated the number of parasites belonging to four major taxa: lice, leeches, 

trematodes and nematodes. We also processed the muscle tissue from each fish, and pooled individuals from each 

parasite taxa to quantify total mercury concentrations in these samples. Our results showed a negative, albeit non-

significant, correlation between mercury concentration and parasite burden in 3 of 4 parasite taxa investigated (i.e., 

lice, leeches and trematodes). We also found a significant difference in mercury concentrations amongst parasite 

taxa, with lice having the highest and trematodes the lowest mercury concentrations. Interestingly, parasites had 

significantly lower mercury concentrations than fish; a particularly unexpected result given that parasites occupy a 

higher trophic level than their hosts. Taken together our results tentatively indicate that parasites may be more 

sensitive to mercury exposure as compared to their fish hosts. We discuss our results with respect to the relative 

utility of parasites as indicators of individual vs. ecosystem health. 
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2017 NSF REU SPOTLIGHT: ERIC TOKUYAMA 
Comparison of Contaminant Accumulation Among Functional Feeding Groups of 

Stream Macroinvertebrates  
Eric Tokuyama1,2, J V. McArthur2, Brooke E. Lindell2, Paul T. Stankus2, Dean E. Fletcher2 

1 = Colorado State University, Fort Collins, CO 80523 
2 = Savannah River Ecology Laboratory, University of Georgia, Aiken, SC 29802 

 

 2017 NSF REU SPOTLIGHT: COLLIN TOPOLSKI 
Impacts of Chronic Exposure to Gamma Radiation on the DNA Methylome Using 

the Medaka Fish Model 
Collin Topolski1,2, Marilyn Mason2, Emily Bertucci2,3, Olin Rhodes, Jr.2,3, Benjamin Parrott2,3 

1 = Embry-Riddle Aeronautical University, Daytona Beach, FL 32114 
2 = Savannah River Ecology Laboratory, University of Georgia, Aiken, SC 29802 

3 = Odum School of Ecology, University of Georgia, Athens, GA 30602 

ABSTRACT. Trace element concentrations were found to exceed Ecological Screening Values in McQueen 

Branch sediment in previous studies.  Studies found primary contaminant sources to be from industrial areas in the 

headwaters. This triggered concern of biologically available contaminants entering the aquatic food webs.  First, 

we assessed whether biotic accumulation was higher in the upstream reaches of McQueen Branch.  We compared 

contaminant accumulation from upstream biota to previously collected data from the downstream reaches of 

McQueen Branch and a reference stream.  Second, we evaluated effectiveness of Hester-Dendy samplers for 

collecting invertebrates for contaminant studies.  Third, we evaluated how accumulation differed among diverse 

aquatic invertebrates.  We quantified accumulation in 8 genera representing multiple functional feeding groups (1 

scraper, 1 shredder, 2 collectors, and 4 predators).  Accumulation of 19 trace elements were deter-mined employing 

ICP-MS.  Dimensionality of the trace element data were reduced using principal component analyses.  Two of three 

genera were found to be accumulating higher concentrations in the upstream McQueen Branch location.  

Concentrations tended to be intermediate in the downstream McQueen Branch site and lowest in the reference 

stream.  Within the upstream McQueen Branch site, we found great variability in accumulation among the 

herbivores.  The snail accumulated lowest concentrations of several elements, but lowest of others.  The two genera 

of collectors (both hydropsychid caddisflies) showed similar patterns in accumulation, but differed in some 

elements.  Accumulation among the 4 predator genera (3 dragonflies and 1 dobsonfly) not only differed in 

accumulation, but whether predator accumulation differed from some herbivores depended upon genus.  In 

summary, results were consistent with higher concentrations of elements accumulating in biota in the upstream 

location.  Variability in ecology and probably physiology resulted in significant variability among taxa. 

 

 
 
 

 

 

 

 

ABSTRACT. Radiation is an environmental stressor that impacts every organism. Radiation can cause not only 

genetic mutations, but also, epigenetic alterations. Epigenetics is a growing field that involves investigating how 

chromosomal DNA is organized. Our study focuses on an aspect of epigenetics involving DNA methylation (DNAm), 

which is a process known to regulate gene transcription in a context-dependent manner (e.g. promoter methylation). 

DNA methylation is a mechanism known to impact cell differentiation, as well as provide a protective mechanism 

that prevents genomic instability caused by repetitive elements within the genome. Our study aimed to evaluate the 

impact of radiation on the health of Medaka fish, a commonly used biomedical model, as well as assess global 

methylation in brain tissue. We housed Medaka fish in the Low Dose Irradiation Facility on the Savannah River 

Site, and exposed fish to gamma radiation for three months. Fish were assigned to one of four treatments (i.e., 

control, 2 mGy/Day, 20 mGy/Day, 200 mGy/Day), prior to sacrifice and tissue necropsy. DNA and RNA were 

simultaneously extracted, and DNA quality and quantity assessed using absorbance. We then used a commercially 

available ELISA kit to detect the percent-age of genomic methylcytosine. Fish body mass index increased with IR 

exposure and testes appeared to regress in males exposed to the high dose (200mGy/Day). The average 

percentages of global methylation were 7.98%, 8.91%, 8.92%, and 8.87% for the control, 2 mGy/Day, 20 mGy/-

Day, and 200 mGy/Day treatment groups, respectively. Two-way ANOVA revealed no statistically significant 

differences in percentage of global methylation that could be attributed to either IR dose or sex. IR has been shown 

to affect proliferative cells in a biased manner and the observance that methylcytosine abundance is not affected 

by IR might stem from the low proliferative nature of this tissue. 
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2017 NSF REU SPOTLIGHT: CLAIRE TURKAL 
Effects of Thermal Foraging Niches on Ant Species Distributions in Fragmented 

Landscapes 
Claire E. Turkal1,2, Melissa A. Burt1, Julian Resasco3, Nick H. Haddad1 

1 = North Carolina State University, Raleigh, NC 27695 
2 = Hendrix College, Conway, AR 72032 

3 = University of Colorado at Boulder, Boulder, CO 80309 

 

2017 NSF REU SPOTLIGHT: KAITLIN WILMS 
Accumulation of Radiocesium in Bullfrog Tadpoles (Lithobates catesbeianus) in a 

Contaminated Effluent Canal on the SRS 
Kaitlin C. Wilms1,2, James C. Leaphart2,3, Albert L. Bryan2, James C. Beasley2,3 

1 = Texas Tech University, Lubbock, TX 79409 
2 = Savannah River Ecology Laboratory, University of Georgia, Aiken, SC 29802 

3 = D.B. Warnell School of Forestry and Natural Resources, University of Georgia, Athens, GA 30602 

ABSTRACT. Habitat fragmentation can have detrimental effects on plant and animal populations and remains an 

ongoing issue facing conservation efforts across the world. Biological corridors have become a common strategy 

to help connect fragmented landscapes; however, their ecological effects have yet to be fully investigated. Ants act 

as seed dispersers for some plants and have been shown to vary in their preferences for foraging times dependent 

on thermal body limits. We hypothesized different ant species occupy different areas within fragmented landscapes 

dependent on thermal niche. We asked the following questions: how does thermal niche vary between ant species, 

how does fragmentation and connectivity affect the thermal environments of landscapes, and how do thermal niches 

affect ant distribution within fragmented landscapes? We determined thermal niches for common ant species 

present within the Corridor Project by observing foraging presence relating to time of day and surface temperature 

by collecting ants visiting tuna baits. We then compared the generated ant thermal niches to pitfall trap collections 

of ants at multiple locations within the Corridor experiment, each containing habitat patches of varying shape and 

connectivity. Finally, we used data previously collected using HOBOs that characterized the relative thermal 

environments of the Corridor experiment in relation to distance from edge and connectivity. Though our experiment 

is ongoing, we anticipate that species with higher thermal niches will be more prevalent at locations with greater 

distances from the edge since core areas in fragmented landscapes reach higher temperatures than edge habitats. 

Conversely, ants with lower thermal niches will occupy areas closer to edges. Our research will help illuminate the 

effects of habitat fragmentation and connectivity on animal communities and show the varying effects of 

conservation strategies on organisms at a species level. 

 

 

 

 
 
 

 

 

 

 

ABSTRACT. As a result of nuclear power production and weapons testing, environmental contamination of 

radionuclides is a concern for many species of wildlife worldwide. Radiocesium (137Cs) is a relatively long-lived 

radionuclide with a physical half-life of 30.17 years that can bioaccumulate in the tissues of exposed organisms 

over time. High concentrations of radiocesium above background levels have the potential to cause detriment to 

the health of exposed organisms, and can be transferred through food webs via predation. Although research has 

examined accumulation of 137Cs in various species, little is known about bioaccumulation rates in lower trophic 

level organisms that are confined to the contaminated system. Anuran species, such as bullfrogs (Lithobates 

catesbeianus), serve as useful indicators of environmental contamination given their propensity to accumulate 

contaminates during all stages of their complex life-histories in both aquatic and terrestrial habitats. There-fore, the 

objective of this study was to determine the accumulation rate of 137Cs in bullfrog tadpoles inhabiting a 

contaminated effluent canal on the U.S Department of Energy’s Savannah River Site (SRS). Uncontaminated 

tadpoles were released into three separate enclosures submerged into the R-Canal system on the SRS for expo-

sure to 137Cs. Three tadpoles from each enclosure were collected at two-day intervals for twelve days, and then 

again at twenty days to determine that rate at which 137Cs bioaccumulates in bullfrog tadpoles. Our data suggests 

that bullfrog tadpoles in R-Canal reach asymptotic 137Cs levels of approximately 4.3 Bq/g dry weight around twenty 

days exposure. These findings help to better under-stand how 137Cs accumulates in the tissues of lower trophic 

level anuran species during their developmental form. 
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Evolutionary Divergence in Flower Size Among 
Yellow-flowered Linum 

 
VLADISLAV REZNICHENKO 

is a biology major and 
chemistry minor at USC 
Upstate. He will start dental 
school at the James B. 
Edwards College of Dental 
Medicine at the Medical 
University of South Carolina in 
the fall of 2018. Vlad has been 
involved with several research 
projects with the Montgomery 
lab group. These projects included a greenhouse study 
performing cross-pollinations to help in the 
development of genetic markers for assessment of 
outcrossing rates in a prairie flax species. Additionally, 
Vlad pursued an independent research project focused 
on the evolution of outcrossing-related floral traits 
across the entire clade of yellow-flowered flaxes. Vlad 
reports that the best part of doing research is “the 
surprise that comes from getting an unexpected and 
interesting result.” He also suspects that given the 
research focus of MUSC, his research experience 
played a big role in his acceptance to their dental 
school. Vlad has been active in multiple science-
related clubs at USC Upstate, including the Science 
Club, Health Professions Club and Chemistry Club, for 
which he is the acting president. 

 

DR. BENJAMIN R. MONTGOMERY is a plant 

evolutionary ecologist with an interest in the ecology 
and evolution of plant pollination strategies. Ben 
started studying pollination biology as an 

undergraduate and continued in this field at the University of Michigan, 
where he earned his PhD. He pursued post-doctoral research at 
Indiana University before arriving at USC Upstate in 2010. He has 
recently published in Botany and the Journal of Pollination Ecology 
and has presented research at the Botany meetings in 2016. Ben 
reports that he is very excited about Vlad’s research. He thinks that “it 
represents a substantive contribution to our understanding of patterns 
of floral evolution and it validates the usefulness of digital herbaria 
collections as a way for researchers at smaller institutions to access 
high-quality data while minimizing expense and the carbon-footprint of 
traveling to distant research collections.” 

 
 

ABSTRACT. Yellow flowered flaxes are 

a diverse group with a range of flower 
sizes. We investigated evolutionary 
changes in flower size throughout the 
yellow-flowered flaxes to determine 
whether there are patterns in the 
direction of flower size changes. We 
used digital herbarium specimens to 
measure flower sizes (calyx width and 
receptacle-sepal combined length) for 
25 species, including an outgroup. We 
mapped measurements onto a 
published phylogeny to investigate 
patterns. The phylogeny suggests that 
while some species decreased in flower 
size, other species, including Linum 
rigidum and Linum berlandieri, 
increased in flower size. This is an 
interesting finding because transitions 
from outcrossing to self-pollination are 
more typically found. Large flowers are 
typically associated with outcrossing due 
to their need to attract pollinators, and 
small flowers are associated with self-
pollination to save resources. Thus, 
transitions to self-pollination are typically 
associated with decreased flower size. 
However, in these two species, wind 
driven petal drop allows for self-
pollination, which provides reproductive 
assurance. We speculate that this 
pollination mechanism results in 
selection for larger flowers in these 
species. 
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1. Introduction 
 

Any sexually reproducing plant has to balance the tradeoffs that come with either outcrossing 
or self-pollination. While outcrossing increases the genetic variability of plant offspring, it 
decreases the chances of pollination happening and reduces the number of seeds produced. 
Meanwhile, self-pollination decreases the genetic variability of offspring, but the flower is assured 
of pollination and there is an increase in the number of seeds produced [1]. As self-pollination 
happens more often, the flower size decreases, while plants that reproduce by outcrossing have 
large flowers in order to better attract pollinators. This means that flower size is positively 
correlated with higher rates of outcrossing [2]-[4]. 

The adoption of self-fertilization from an ancestral outcrossing state is one of the most 
common evolutionary transitions in the flowering plants [5]. The process usually starts with the 
loss of self-incompatibility and eventually leads to a completely self-pollinating species [4]. An 
example of this is the genus Collinsieae which has shown evolutionary trends toward higher rates 
of self-pollination [6]. In addition, several species from the Brassicaceae family and the genus 
Bulbophyllum have been shown to have consistently and independently evolved towards self-
pollination [7], [8]. There is no evidence to show that a species can evolve back towards 
outcrossing once it has become a self-pollinating species [9]. 

Once a plant species becomes a self-pollinating species, it can develop a decreased floral 
display, reduced pollen-to-ovule-number ratio, smaller herkogamy, and general reduction of floral 
size. This collection of features is collectively termed “selfing syndrome” [3]. The evolution from 
an outcrossing to a self-pollinating species is viewed as an evolutionary dead end. Self-pollinating 
species evolve slowly and are quick to become extinct due to accumulation of deleterious 
mutations and their limited ability to adapt to changing environments [8], [10]. 

In this study, we investigated flower size evolution in the yellow-flowered clade of Linum. In 
particular, we were interested in the evolutionary path that led to the relatively large flower size in 
L. rigidum and L. berlandieri. These two species have a mechanism of delayed self-pollination 
caused by wind-powered petal dragging following petal abscission. The petals are all connected 
at the base, which causes abscised petals to drag anthers and residual pollen across the stigmas 
[11]. This mechanism of self-pollination could result in selection for self-pollination favoring larger 
flowers and petals to increase petal dragging. We set out to determine whether these two species 
had taken the less common path and evolved towards larger flower sizes. 

 
2. Methods 

 
We selected 23 species from the Linum genus and one species each from the Hesperolinon 

and Radiola genera (Figure 1). These species were selected from the information in the 
dissertation by McDill [12]. We then used the SERNEC database (http://sernecportal.org/portal/) 
and the iDigBio database (https://www.idigbio.org/) in order to find digitized herbarium sheets that 
have a clear image of the plant calyx and receptacle. We found 5 herbarium sheets per chosen 
species and chose 2 of the most clearly visible flowers per sheet to measure. Two sheets, one of 
the species L. australe and one of L. adustum, did not have 2 clearly visible flowers, so we only 
measured one. In addition, some sheets from L. sulcatum, L. striatum, and L. virginianum were 
available in physical form and the flowers were measured by hand. 

We measured the length of the flower by measuring from the base of the receptacle to the tip 
of the longest visible sepal. We also measured the width of the flowers by measuring the distance 
between the two furthest sepals. The measurements were collected digitally using ImageJ 
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software except for the previously mentioned herbarium sheets. We then calculated the average 
of the width and length measurements per species. 

Using Microsoft Excel, we found a positive correlation between the average length 
measurements and the average width measurements (R2 = 0.7348; Figure 2). We then performed 
principal components analysis on standardized measurements of length and width using R 
statistical software. The first principal component (PC1) explained 92.8% of variation in flower 
size and was retained for subsequent analyses. 

We performed further analysis on the PC1 using a phylogeny from McDill’s dissertation that 
shows the parsimony mapping based on molecular data from chloroplast DNA and nuclear ITS 
[12]. Using R software and the Phytools package, we recreated a phenogram and performed a 
maximum likelihood reconstruction of continuous traits on PC1 [13]. Ancestral character 
reconstruction is problematic if all taxa in the clade evolve in the same direction. For example, if 
flower size evolved toward smaller sizes in all clades, ancestral character reconstruction would 
underestimate the ancestral flower size. Because we anticipated a general pattern of evolution 
toward decreased flower size, we performed a second analysis in which we arbitrarily constrained 
the PC1 value for the ancestral node of the entire tree to equal the largest value of any extant 
species. Detection of clades showing increasing flower sizes in this latter analysis would allow 
greater confidence that the trend reflects true historical patterns.  

 
3. Results and Discussion 

 
In Figures 2 and 3, the analysis of the PC1 showed the ancestral species had a smaller flower 

size, with a PC1 of approximately -0.6. Out of the 25 species that we measured, 16 species have 
flower sizes larger than the inferred flower size of the most basal node. Linum orientale evolved 
the largest flower size while our 2 species of interest, L. berlandieri and L. rigidum, evolved the 
second and fifth largest flower sizes, respectively. Meanwhile, 9 species evolved flower sizes 
smaller than the ancestral size, including the outgroup R. linoides, which had the smallest flower 
size. This shows that while some species followed the most common trend and evolved smaller 
flower sizes, the majority of the species evolved larger flower sizes. Linum rigidum and L. 
berlandieri were among those who had the largest increase in flower size, which may be due to 
their method of delayed self-pollination. 

In Figure 4, we set the ancestral trait to be equal to the highest PC1 value to show a 
constrained root model. Even in this analysis, we infer that the species first evolved towards a 
smaller flower size and then 15 species continued evolving a smaller flower size while 10 species 
evolved a larger flower size. Once again, L. orientale had the most dramatic evolution towards a 
larger flower and L. rigidum and L. berlandieri had among the top five largest flower sizes. 
Meanwhile, R. linoides, the outgroup, had the most dramatic evolution towards a smaller flower 
size. Even in this case, we see an unusual increase in flower size for a number of species, 
including L. rigidum and L. berlandieri. Once again, this trend might be possible due to their 
method of delayed self-pollination. 

 
4. Conclusion 

 
The purpose of this study was to predict the evolutionary trends that lead to the relatively large 

flower size of L. rigidum and L. berlandieri. Since large flower sizes typically correlate with higher 
rates of outcrossing, our results suggest there may be evolution of increased outcrossing rates. 
Our analyses showed that L. rigidum and L. berlandieri have both evolved larger flower sizes, and 
therefore possibly higher rates of outcrossing, from an ancestor with a smaller flower size. This 
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finding is significant because previous studies have shown that the majority of plants tend to 
evolve towards smaller flowers and lower outcrossing rates in order to favor self-pollination [5]-
[9]. We predict that these two species were able to evolve larger flower sizes due to their method 
of delayed self-pollination, which allows them to attract pollinators for outcrossing without suffering 
lower rates of seed production due to lack of pollination. 

For further studies, it would be useful to find some other flower features that correlate with 
outcrossing rates in order to solidify our findings. While herkogamy, the distance between the 
anther and stigma on a hermaphroditic flower, is also a good measure of outcrossing, it is very 
difficult to measure accurately on herbarium sheets. This is due to flowers being disfigured during 
the preservation process, which may change the perceived herkogamy dramatically while not 
changing flower size significantly. Even better, direct measures of outcrossing rates in yellow-
flowered Linum would allow us to test the relationship between flower size and outcrossing rates. 
It will also be useful to find other flower species that have similar methods of delayed self-
pollination in order to see if their evolutionary history mirrors the trends found in Linum.  

 
5. Figures 

 
Figure 1. The correlation between the average calyx width and the average combined receptacle 
and sepal length (cm) of 23 Linum species, 1 Hesperolinon species, and 1 Radiola species. 
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Figure 2. Mapping of the first principal component based on maximum likelihood reconstruction 
of continuous traits onto phylogeny of several yellow-flowered Linum species, a Hesperolinon 
species, and a Radiola outgroup. Redder colors indicate smaller size and bluer colors indicate 
larger size. Phylogenetic steps simplified from McDill [12] based on chloroplast and nuclear ITS 
sequences. This was made using the R statistical software with the Phytools package [13]. 
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Figure 3. Phenogram of the first principal component (Y-axis) of 23 species in the Linum genus, 
a Hesperolinon species, and a Radiola outgroup onto a simplified version of a phylogenetic tree 
created by McDill [12] using molecular data from chloroplast and nuclear ITS sequences. 
Phenotypic mapping made using the R statistical software with the Phytools package [13]. 
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Figure 4. Phenogram of the first principal component (Y-axis) of 23 species in the Linum genus, 
a Hesperolinon species, and a Radiola outgroup onto a simplified version of a phylogenetic tree 
created by McDill [12] using molecular data from chloroplast and nuclear ITS sequences. In this 
phenogram, the ancestral trait was set to be equal to the largest calculated first principal 
component. Phenotypic mapping made using the R statistical software with the Phytools package 
[13]. 
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Warming Temperatures Result in Earlier Flowering of 
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DR. BENJAMIN R. MONTGOMERY is a plant evolutionary ecologist 

with an interest in the ecology and evolution of plant pollination 
strategies. Ben started studying pollination biology as an undergraduate 
and continued in this field at the University of Michigan, where he 
earned his PhD. He pursued post-doctoral research at Indiana 
University before arriving at USC Upstate in 2010. He has recently 
published in Botany and the Journal of Pollination Ecology and has 
presented research at the Botany meetings in 2016. Ben indicated that 
Melissa’s research is an exciting new direction for his lab group. He 
says of her research: “Melissa worked with substantial independence 

on this project, learning how to use a variety of research databases and online tools to assemble 
a substantial dataset. This dataset provides a valuable tool to track climate-related ecological 
change in the Carolinas, and it demonstrates the importance of digital tools in botanical research.” 

ABSTRACT. Global climate change is 

affecting numerous natural processes, 
including the timing of flowering. In this 
study, we use digital herbarium records 
and localized climate data to examine 
the effects of climate change on 
flowering phenology of 12 herbaceous 
species with variation in self-
compatibility status, all found in North 
and South Carolina. We found 
significantly earlier peak flowering with 
warmer temperatures and significantly 
earlier peak flowering across time. There 
was a significantly stronger relationship 
between higher temperatures and earlier 
flowering times for self-compatible 
compared to self-incompatible species. 
We found no relationship between 
length of flowering season and response 
to increased temperature. Overall, we 
found support for patterns of earlier 
flowering times associated with warming 
temperatures, which is consistent with 
several previous studies conducted 
around the world. Our results also show 
that digital herbaria can be useful in 
tracking changes in flowering 
phenology. Therefore, continued 
additions to herbarium collections will be 
important for future evaluation of the 
effects of climate change on 
phenological changes in plant 
communities.  of prey organisms 
occurring at each site. 
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1. Introduction 
 

Anthropogenic climate change affects the natural processes of the planet [1]. Climate change 
affects flowering phenology by causing plants to flower earlier as temperatures increase [2]-[5]. 
There is evidence that not only can warmer spring temperatures influence flowering time, but 
warmer fall temperatures can as well [6]-[7]. Changes in flowering phenology have been observed 
around the world through data collection in the field, citizen scientist observations, and herbarium 
records [3]-[4], [8]. 

Many variables could affect how a species responds to climate change, such as season of 
flowering, biome, plant growth habit (e.g., woody versus herbaceous), and pollination strategy. 
For example, studies have shown that early spring flowering species in temperate regions 
respond more strongly to temperature changes than plants that flower later in the year [2], [5], [8]-
[9]. In arctic regions, early flowering plants appear to be less affected while species that flower in 
the summer months are more strongly affected by warming temperatures [10]. There is evidence 
that both woody and herbaceous species are responding to temperature change. Several studies 
support a strong relationship between an increase in temperature and earlier flowering times for 
woody and herbaceous species [2]-[3], [11]. One study found that woody species respond more 
strongly to temperature increases, but this difference was not significant [3]. A separate study 
found a stronger relationship between temperature and earlier flowering for herbaceous plants, 
with first flowering date advancing 7.2 days per decade [11]. The effects of climate change on 
species with different pollination strategies have also been documented, but there is conflicting 
evidence about how plants with different pollination strategies respond to climate change. In one 
study the authors found that insect pollinated species respond to temperature increase more 
strongly [5], while a contrasting study demonstrated wind pollinated species respond more 
strongly [2]. There is also evidence that certain clades are responding differently to warming 
temperatures and that a species’ inability to respond to warming temperatures results in a 
decrease in abundance and therefore a higher probability of extinction [12]. Understanding how 
these variables in combination with increasing temperatures effects flowering phenology is 
important for biodiversity conservation efforts. 

Using digital herbaria and historical climate data to evaluate changes, we sought to determine 
if herbaceous species in North and South Carolina whose phenology and pollination strategies 
were studied by Motten have responded to climate change [13]. Several of the species in this 
author’s study are among the first to bloom in the Piedmont of the Carolinas in early spring and 
are fairly common in regional herbarium collections [13]. We investigated whether the length of a 
species’ flowering season within a site in a given year inversely correlated with the strength of 
phenological response to different temperatures across years. Additionally, we investigated 
phenological changes across years. We used local weather records for each collection site in the 
year of collection to determine each species’ phenological response to temperature over the three 
months prior to peak flowering. Finally, using self-compatibility studies we assessed how plants 
with different breeding systems respond to climate change [13]. 

Previous studies have found that herbaria are useful for collecting data to track phenological 
response to climate change and that herbaria data produce similar results to field observations 
[8]. We also wanted to address the effectiveness of using only digital herbaria data to determine 
the effects of climate change on flowering phenology. 
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2. Methods 
 
Self-compatibility and Within-year Phenology of Study Species 
 

We investigated changes in flowering time for the 12 species studied in a phenology and self-
compatibility study conducted in the vicinity of Raleigh and Durham, North Carolina, USA, by 
Motten [13]. In this study, Motten calculated a fruit-set percentage for several species [13]. We 
assigned species with at least 50% fruit set production from self-pollination as self-compatible 
and below 50% as self-incompatible, and we used the percent fruit set of self-pollinated flowers 
as a continuous index measure of self-compatibility. We used flowering phenology curves in 
Motten’s paper to determine the length of the within-site, within-year flowering season for each 
species [13]. Motten recorded phenology curves for most species at two sites for two years for 
each site [13]. We averaged duration of flowering across sites and years within each species to 
determine within-season duration of flowering. 

 
Specimen Collection 
 

To select specimens for phenology measurements, we first chose a geographic area including 
counties in North and South Carolina from the northern border of North Carolina in Surry county 
southwest to Polk county and east to Interstate 95, but excluding counties with elevations over 
500m, and in South Carolina from Interstate 95 west to the Georgia border, with Richland county 
being the southernmost location (Figure 1). We then searched the Southeast Regional Network 
of Expertise and Collections (SERNEC) database of herbaria for all specimens with images of the 
selected species from the selected counties. A few specimens from the Converse College 
Herbarium with photographs not yet uploaded to SERNEC were also included – these 
photographs have since been uploaded.  

A total of 862 specimens with images were examined to determine the phenological stage. 
Only specimens determined to be at peak flowering were used for data collection. Following 
Callinger et al. [2], peak flowering was defined as having at least 50% of apparent reproductive 
units in flower, resulting in 444 specimens with images. The location, month, day, and year of 
collection were recorded. 

 
Climate Data 
 

Latitude and longitude coordinates for each specimen were found using Google Maps based 
on descriptions of collection sites on herbarium sheets, and elevation was determined based on 
Google Maps estimates. The coordinates were entered into the database at 
www.ClimateWNA.com with the corresponding year of sample collection to obtain the degree 
days greater than 5°C (DD5) for each specimen. This database estimates local climate conditions 
based on nearby weather recordings, elevation, and more localized geographic features. For each 
species, the average collection date was calculated across all specimens in peak flower, and for 
each specimen the sum of DD5 was recorded for the month of that species’ average collection 
date and the previous two months.  
 
Statistical Analyses 
 

For each species, the relationship between DD5 and the date of collection for specimen at 
peak flowering was analyzed using linear regression. Additionally, we fit a mixed-effects model, 
with independent variables including a random effect of species, a fixed effect of DD5 and an 
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interaction term, and a dependent variable of date of collection. To further investigate the 
relationship between self-compatibility and collection date, we regressed the slopes from each 
species’ DD5 - collection date regressions against their self-compatibility indices. To look for 
changes in peak flowering over time, the date of collection was also regressed against the 
collection year individually for each species. Additionally, we fit a mixed-effects model as above, 
but with year of collection rather than DD5 included as an independent variable. The slopes of 
these DD5-date regressions were also regressed against the self-compatibility index. We also 
analyzed the relationship between length of flowering season and the slope of DD5 vs. collection 
date and the slope of year vs. collection date using linear regression. 

 
3. Results 

 
There was a negative relationship between warmer temperatures (higher DD5) and date of 

peak flowering for 10 of the 12 species (Figure 2). The negative relationship between these 
variables was statistically significant for Iris cristata (r=-0.44, df= 57, p=0.0004), Stellaria pubera 
(r=-0.58, df=15, p=0.003), and Sanguinaria canadensis (r=-0.39 df=32 p=0.006) (Table 1). These 
three species are self-compatible. No individual species showed a significant positive relationship. 
Across all species, when including a random effect of species’ differing flowering times, there was 
a significant negative relationship (p<0.001, df=397) for the effect of DD5 on date of collection. In 
a mixed-effects model including a random effect of species on flowering time, there was a 
significant interaction between the effects of DD5 and self-compatibility index (p = 0.036), 
indicating that the relationship between DD5 and flowering time is significantly more negative for 
self-compatible than self-incompatible species. 

There were negative relationships between year and date of peak flowering for eight of the 
twelve study species, indicating that in more recent years peak flowering is occurring earlier in 
the year (Table 1). The negative relationship was statistically significant for two species, Stellaria 
pubera (r=0.42, df=15, p=0.003) and Trillium catesbaei (r=0.28, df= 78, p=0.009). No individual 
species showed a significant positive relationship. Across all species, when including a random 
effect of species’ different flowering times, there was a significant negative relationship (p=0.028, 
df=437) for the effect of year on date of peak flowering.  

There was no relationship observed between length of flowering season and the slope of DD5 
vs. collection date (r= -0.02, df= 10, p=0.95) or the length of flowering season and the slope of 
year vs. collection date (r= -0.07, df=10, p=0.83). 

 
4. Conclusion 

 
We found support for patterns of earlier flowering times in response to higher temperatures 

(DD5) and earlier flowering over time. These findings are consistent with numerous plant 
phenology studies conducted across the globe [7], [9], [14]-[15]. The effect of DD5 for the three 
months preceding peak flowering was stronger for self-compatible species, perhaps because self-
compatible species are less reliant on pollinators for fertilization and are therefore able to flower 
earlier without risk of pollinators not being available. This is consistent with prior findings that 
wind-pollinated species respond more strongly to temperature increase than insect-pollinated 
species [2]. However, our results are contrary to a separate study that shows self-incompatible 
species that rely on insects for pollination are responding more strongly to climate change [5]. 

We had hypothesized that species with longer flowering periods at a given site within a year 
had flowering times less constrained by temperature, so these species’ peak flowering times 
would respond more weakly to temperature differences than species with shorter flowering 
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periods. However, we found that there is no relationship between length of flowering period and 
response to warmer temperatures. There are few previous studies that examine the relationship 
between length of the flowering period and the phenological response to warming temperatures, 
but one study suggests that plants with both long and short flowering periods will respond by 
flowering significantly earlier [16]. Some studies show that while there is evidence for earlier 
flowering in response to warmer temperatures, advances in flowering times are proportional to 
expected flowering times of individual species [4], [6]. There does, however, appear to be changes 
in the length of flowering period. But evidence as to whether length of flowering period is 
increasing or decreasing is conflicting. One study showed flowering seasons extending up to one 
month [17], but another study showed that 81% (40% were statistically significant) of the species 
analyzed had an overall reduction in flowering period [11]. Clearly, a closer look at interspecific 
variation in flowering phenology in response to climate change is needed.  

Previous work has found that species that are flowering earlier in response to warming 
temperatures had the lowest declines in abundance [12]. Interestingly, the families of the two 
species in our study (Stellaria pubera and Trillium catesbaei) that individually had significant 
negative relationships for year and date of peak flowering have shown moderate to significant 
declines in abundance in the Concord, MA area [12]. Our results contradict those findings; 
however, we currently do not have data to determine changes in abundance for our study area. 
Understanding how different families of plants respond to warming temperatures will be vital to 
conservation efforts. 

Even though our study sample size contained fewer individuals than other studies that used 
a combination of digital herbaria and other sources [3], our results show the effectiveness of using 
only digital herbaria specimens as a means to track flowering trends. In this study, individual 
herbaria had limited sample sizes and ranges for years of collection, but combined data across 
herbaria circumvented this limitation. There is limited information about changes in phenology in 
response to warming temperatures for the 12 species in our study. Therefore, the use of digital 
herbarium records could be helpful in investigating other seldom studied species. Continued 
additions to digitized herbaria and contemporary collections will allow future effects of climate 
change to be monitored.  
 

5. Tables and Figures 
 
Table 1. Study species separated by self-compatibility status (self-compatible on left, self-
incompatible on right), along with self-compatibility index (SCI), regression coefficients for effect 
of degree days above 5°C (DD5) and effect of year (Year) on peak flowering date, with statistically 
significant coefficients (P < 0.05) indicated by asterisk. 
 

Self-compatible  Self-incompatible 

Species SCI DD5   Year   Species SCI DD5   Year   

Claytonia virginica 91 -0.004 -0.012 Cardamine angustata 8 -0.074 0.142 

Hepatica americana 100 -0.025 -0.193 Erythronium umbilicatum 10 0.021 -0.159 

Iris cristata 78 -0.044* 0.040 Podophyllum peltatum 0 -0.029 0.103 

Sanguinaria canadensis 89 -0.048* -0.062 Tiarella cordifolia 4 0.004 -0.047 

Stellaria pubera 90 -0.067* -0.486* Trillium catesbaei 31 -0.044 -0.212* 

Thalictrum thalictroides 98 -0.053 0.171 Uvularia sessifolia 8 -0.011 -0.090 
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Figure 1. Counties in North and South Carolina included (blue) in herbarium specimen collection.  
 
 
 

 
 
Figure 2. Slopes of all study species for degree days (DD5) versus collection date. Dashed lines 

indicate self-incompatible species and solid lines indicate self-compatible species.   
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ABSTRACT. Determining the fate of 

contaminants in ecosystems is important 
for conservation efforts and human 
health.  Previous studies have shown 
that some contaminants bioaccumulate 
in organisms and can biomagnify 
through food webs. Stable isotope 
techniques provide a non-lethal 
approach for evaluating trophic transfer 
of contaminants. In this study, we used 
the nitrogen isotopic composition (δ15N) 
of Nerodia floridana (Florida Green 
Watersnake) collected from former 
nuclear cooling reservoirs to examine 
the potential biomagnification of two 
contaminants - mercury (Hg) and 
radiocesium (137Cs). We used scale 
samples taken from N. floridana (N=74) 
captured at three locations on the 
Savannah River Site (i.e., Par Pond, 
Pond B, and Pond 2) to quantify snake δ 
15N. We dried scale samples and 
weighed 0.3 mg of scale into tin 
capsules. The δ15N of packaged 
samples was determined using an 
isotope ratio mass spectrometer. We 
found a positive relationship between 
δ15N and Hg concentrations (r2=0.29, 
df=73, p <0.001). We found a significant 
positive relationship between δ15N and 
137Cs for individuals collected at Par 
Pond (r2=0.85, df=9, p<0.001) and a 
non-statistically significant relationship 
between δ15N and 137Cs concentrations 
for individuals collected at Pond B and 
Pond 2. In addition, δ 15N values ranged 
from 5.6 to 9.3, which is typically 
interpreted as a span of two trophic 
levels. Our results support that 
biomagnification of contaminants is 
occurring in our study systems. Future 
directions include establishing a δ15N 
system baseline for each study site by 
quantifying contaminant concentrations 
and δ15N of prey organisms occurring at 
each site. 
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1. Introduction 

 
Anthropogenic activities have released a multitude of contaminants into the environment [1]-

[2]. Many of the contaminants negatively impact wildlife and humans [3]-[4]. Thus, determining 
the fate of contaminants in ecosystems is important for both conservation efforts and human 
health. Previous studies have shown that some contaminants bioaccumulate in organisms and 
can biomagnify (i.e., increase in concentration as trophic level increases) through food webs [5]-
[7]. In order to determine if biomagnification of contaminants is occurring in a food web, trophic 
level of organisms in the food web must be quantified. Often trophic level is inferred from 
taxonomy or by sacrificing organisms and examining stomach contents [8].  Isotope techniques 
provide a non-lethal approach for evaluating trophic transfer of contaminants [9]. 

Nitrogen isotopes are particularly useful in examining trophic structure of food webs, as there 
is a predictable pattern of enrichment in nitrogen isotopes as you move up trophic levels in an 
ecosystem [10]. The nitrogen in an organism is a mixture of heavy (15N) and light (14N) nitrogen 
isotopes. As consumers assimilate ingested prey, they retain more heavy nitrogen isotopes 
relative to their prey. Thus, higher level consumers contain more heavy nitrogen relative to their 
prey and organisms at lower trophic levels [11]. We refer to this pattern as trophic enrichment. 
Trophic enrichment allows nitrogen isotopes to be used as a tool to investigate trophic transfer 
and biomagnification of contaminants in ecosystems [9]. A positive relationship between nitrogen 
isotopic composition and contaminant concentrations is viewed as support for biomagnification of 
contaminants in ecosystems. In fact, numerous studies have shown a positive relationship 
between nitrogen isotopic composition and contaminant concentrations in a variety of organisms 
(Table 1). 

In this study, we used nitrogen isotopes to investigate potential biomagnification of mercury 
(Hg) and radiocesium (137Cs) in Nerodia floridana (Florida Green Watersnakes). Both Hg and 
137Cs are contaminants known to (i) have deleterious effects on wildlife and humans [3] and (ii) 
accumulate in N. floridana [20]-[21]. Nerodia floridana are top predators in aquatic systems [22]. 
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In addition, as adults they are primarily piscivores (fish eaters); some of the fish species they eat 
are also consumed by humans (e.g., bass). Nerodia floridana are the largest watersnake in North 
America and have a wide range of body sizes [22]. The snakes are gape limited predators, which 
suggests they will have ontogenetic shifts in diet; thus, at different points in their lifetime N. 
floridana may consume prey from different trophic levels in the food web. Based on current 
knowledge, we hypothesized that there would be (i) a positive relationship between nitrogen 
isotopic composition and contaminant concentrations in Nerodia floridana and (ii) intraspecific 
variation in the trophic position of Nerodia floridana in food webs. 

 
2. Methods 

 
Study Species/Sites 
 

We used scale samples collected from 74 N. floridana trapped in 2016 [20] at three former 
nuclear cooling reservoirs on the United States Department of Energy Savannah River Site near 
Aiken, South Carolina: Par Pond, Pond B, and Pond 2. The Savannah River Site has a history of 
mercury and radiocesium contamination resulting from nuclear power and weapons production in 
the 1950s and 1960s. All the cooling reservoirs we sampled had Hg contamination and they had 
varying levels of 137Cs contamination [20]-[21]. Previous research has shown N. floridana 
captured from the reservoirs bioaccumulated Hg and 137Cs. [20]-[21]. 

 
Isotope Analysis 
 

We kept snake scale samples frozen at -70°C until needed for analysis. We dried the scale 
samples in microcentrifuge tubes for 24-48 hours at 40-50°C in a drying oven. We used nitrile 
gloves when handling the samples to prevent contamination. Before starting and after each 
sample we wiped the work area and tools with methanol and a Kimwipe. We prepared each tissue 
sample for analysis by cutting 0.3 mg of each sample using a scalpel and forceps. We placed the 
tissue in a 3.5 x 5 mm tin capsule, which we then folded into a sphere (see Figure 1). We sent 
the packaged samples to be analyzed at the University of Arkansas’ Stable Isotope Laboratory 
where isotope composition was determined using a Finnegan Delta Plus isotope ratio mass 
spectrometer.  

Nitrogen isotopic composition is represented by delta values (δ15N). Delta values correspond 
to the ratio of heavy (15N) to light (14N) isotopes in the sample relative to the ratio in a standard 
and are measured on a per mil (‰) basis (see Equation 1 below). The standard for stable nitrogen 
isotopes is atmospheric air. Increasing δ15N values indicate increases in heavy nitrogen isotopes. 
For example, a sample with a δ15N value of 9‰ is isotopically heavier (i.e., enriched) compared 
to a sample with a δ15N value of 6‰. Typically, a 3‰ increase in nitrogen isotopic composition 
indicates a change in trophic position [10]. We used Microsoft Excel (2007) for data management 
and analyses. We used linear regression to evaluate the relationship between δ15N and individual 
contaminant concentrations, as well as δ15N and snake size (snout vent length, SVL, in cm). 

 
Equation 1. 
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3. Results 
 

The δ15N values of N. floridana scales ranged from 5.8 to 9.3, which encompasses two tropic 
levels. Snake mercury concentration levels did not vary among our sites [21] so we pooled 
samples to examine the relationship between δ15N and Hg concentrations. Using a regression 
analysis, we found a significant positive relationship (r2=0.29, df=73, p<0.001) between δ15N and 
Hg concentrations when all sites were combined (Figure 2). Snake radiocesium concentrations 
varied significantly among sites [20]. Therefore, we evaluated the relationship between δ15N and 
137Cs concentrations for each site separately. Regression analyses revealed no statistically 
significant relationship between δ15N and 137Cs concentrations for individuals collected at Pond 2 
and Pond B, and a significant positive relationship (r2=0.85, df=9, p<0.001) between δ15N and 
137Cs for individuals collected at Par Pond (Figure 3). In addition, as snake size increased, δ15N 
also increased (r2=0.53, df=73, p<0.0001) (Figure 4). 

 
4. Conclusion 

 
As predicted, nitrogen isotope values increased as Hg and 137Cs concentrations increased. 

Thus, our results were similar to many studies using nitrogen isotopes to track the trophic transfer 
of contaminants in ecosystems (see Table 1). In addition, δ15N increased as snake body size 
increased, a pattern also observed in other snake species [23]-[24]. Both the relationship between 
δ15N and contaminant (i.e., Hg and 137Cs) concentrations, and the relationship between δ15N and 
snake size support that biomagnifications of both contaminants is occurring in our study systems.  

The range of snake scale δ15N values did span 3‰. If we assume the traditional 3‰ increase 
in δ15N per trophic level [10], the range we observed encompassed two trophic levels. Snakes are 
gape limited predators and likely show ontogenetic shifts in diet [25]-[26]. Thus, we suspect that 
the positive relationships we observed between δ15N values and contaminant concentrations (i.e., 
Hg and 137Cs) were related to smaller snakes feeding at a lower trophic level. Previous studies 
have also documented this pattern [7], [18]. Interestingly, when depicting the trophic position of a 
species in a food web, each species in the food web is typically assumed to occupy one trophic 
level [27]. Our work highlights that one species can occupy multiple trophic levels in a food web, 
and reminds us that food webs are often more complex than simply using taxonomy to assign 
species to a single trophic level. 

In the future we plan to establish a δ15N baseline for the three study sites by quantifying the 
δ15N values of prey occurring at each site. In addition, we plan to integrate the δ15N data from 
snake and prey samples with carbon isotopic composition (δ13C) data. The magnitude of carbon 
enrichment is smaller than nitrogen enrichment, so while nitrogen isotopes are used to quantify 
trophic level, carbon isotopes are used to track diet composition of organisms [28]. By integrating 
δ15N and δ13C data sets, we will be able to further evaluate ontogenetic shifts in snake diet. Finally, 
we plan to quantify contaminant concentrations of prey to better characterize biomagnification of 
contaminants in our study reservoirs. 
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5. Tables and Figures 
 
Table 1. A variety of organisms show a positive relationship between nitrogen isotopic 
composition (δ15N) and contaminant concentrations. 
 

Group Common name Scientific name Contaminant Source 

Mammals 

Rough-toothed dolphin Steno bredanensis Mercury [12] 

Polar Bear Ursus maritimus Mercury [13] 

Polar Bear Ursus maritimus 
Polychlorinatedbiphenyl 
(PCB) 

[7] 

Reptiles 

Snapping turtle Chelydra serpentina Mercury [14] 

Musk turtle Sternotherus odoratus Mercury [14] 

Painted turtle Chrysemys picta Mercury [14] 

Red-bellied turtle Pseudemys rubriventris Mercury [14] 

Northern watersnake Nerodia sipedon Mercury [6] 

Fish 

Lake trout Salvelinus namaycush Mercury [15] 

Lake trout Salvelinus namaycush 

Hexachlorocyclohexane,
dichloro-diphenyl-
trichloroethane (DDT), 
chlorinated bornane 

[16] 

European hake Merluccius merluccius Mercury [17] 

Rainbow smelt Osmerus mordax Mercury [18] 

Greenland shark Somniosus microcephalus Organochlorine [19] 

 
 
 

 
Figure 1. (a) Preparing and packaging N. floridana scale samples for isotope analysis. (b) 
Packaged isotope sample. 

a 
b 
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Figure 2. The relationship between nitrogen isotopic composition (δ15N) and mercury (Hg) 
concentration of scales of N. floridana collected from Par Pond, Pond 2, and Pond B on the 
Savannah River Site, South Carolina. 

 
Figure 3. The relationship between δ15N and radiocesium (137Cs) concentrations in N. floridana 
collected from Par Pond, Pond 2, and Pond B on the Savannah River Site, South Carolina. 
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Figure 4. The relationship between snake size (snout-vent length) and nitrogen isotopic 
composition (δ15N) in N. floridana captured from three former nuclear cooling reservoirs on the 
Savannah River Site, South Carolina. 
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Whole Lotta Love: Origins of Heavy Metal in the Music 
of Led Zeppelin 
 

MARY NORRIS studies 

voice and is an avid 
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Man on the Moon. Norris 
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Symposium in 2017 and presented on Led Zeppelin at 
the 2017 Pop Music Research Symposium at Claflin 
University. She won 1st place in the USC Upstate 
Songwriting Competition in 2016, and won 1st place in 
2017 with Noelle Taylor, another commercial music 
student. She won the Robert Fountain Memorial 
Honorarium Award in 2017. 

Norris researched Led Zeppelin as part of a course, 
Birth of Metal, taught by Dr. Nolan Stolz in the Spring 
of 2017. Norris enjoyed researching a niche area in 
music: the development of heavy metal as a genre. Her 
favorite part of her project was making the connection 
between African American blues and Led Zeppelin’s 
impact on heavy metal. Her research will be beneficial 
for her senior seminar project. For any students 
interested in conducting research in niche areas, 
Norris says not to be afraid of spending ample amounts 
of time in the library.  
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Genesis, Rush, and Frank Zappa in The 100 Greatest Bands of All Time, 
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Mary's article began as a paper for my Birth of Metal course in Spring 
2017. Complementing her solid research of Led Zeppelin and the origins 
of heavy metal music, Mary has successfully pulled from her background 
as a performer and listener to provide astute observations of their music, 
making for a fine analysis overall. I know Mary truly enjoys Led Zeppelin’s 

ABSTRACT. Heavy metal music is 

largely said to have three primary 
founders: Black Sabbath, Deep Purple, 
and Led Zeppelin [1]-[6]. Although it 
seems that the scholarly consensus lies 
among these three bands, there is 
research, such as Andrew Cope’s 2007 
dissertation, “From the dawn of 
Sabbath… Metal was born,” and 2010 
book, Black Sabbath and the Rise of 
Heavy Metal, devoted to further defining 
the dichotomy between hard rock and 
heavy metal through the examples of 
Led Zeppelin as a hard rock band and 
Black Sabbath as a heavy metal band 
[1]-[2]. While Cope defines Led Zeppelin 
as a hard rock band, other scholars 
define them as pioneers of the heavy 
metal genre [1]-[6]. In this paper, Led 
Zeppelin’s “Whole Lotta Love” is 
analyzed within heavy metal syntax to 
demonstrate their influence on the heavy 
metal genre. Led Zeppelin’s formation in 
the 1960s and the music scene they 
participated in are discussed to explain 
how heavy metal characteristics 
emerged in their music. The importance 
of blues syntax and reaching influence 
are topics of concentration. Heavy metal 
traits, such as distortion and heavy 
drumming, are identified and further 
analyzed through a musical analysis of 
form, timbre, use of the riff, and 
production. Through a thorough analysis 
and contextualization of “Whole Lotta 
Love,” metal syntax in the music of Led 
Zeppelin is identified to show their 
contributions to heavy metal. 
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music, so I hope she continues to write about their music. Moreover, as a longtime Led Zeppelin 
fan myself, I would very much look forward to reading those analyses. It should be noted that 
Mary also developed a paper on The Kinks for presentation at two regional conferences in Spring 
2017—quite a prolific semester. 

 
1. Introduction 

 
The scholarly consensus is that Led Zeppelin, through the combination of blues-rock and folk 

influences, shaped the way heavy metal is written, performed, and recorded. Susan Fast and 
Aaron Liu-Rosenbaum, for example, cite Led Zeppelin as one of the founders of heavy metal [3]-
[8]. Scholars largely support this notion due not only to Led Zeppelin’s wide influence, but also to 
musical qualities such as distortion, heavy drumming, detuned guitars, and aggressive vocals that 
appear throughout Led Zeppelin’s first two albums during the years most vital to the formation of 
heavy metal. This paper will address the ways in which Led Zeppelin, though not inherently a 
heavy metal band, shaped the heavy metal genre, using “Whole Lotta Love” as the primary 
example to be analyzed. Lastly, this paper reinforces Led Zeppelin’s importance to the 
development of heavy metal with quotes from prominent heavy metal musicians since the 1980s.  

 
2. Methods 

 
Identifying heavy metal elements in the musical syntax, which are first contextualized by the 

historical time frame and milieu in which Led Zeppelin was formed, is the primary method used in 
this paper. Harrison’s 2010 dissertation discusses how the geography of industrial Birmingham 
contributed to the formation of metal music [9]. Comparing Black Sabbath (arguably the first heavy 
metal band) to Led Zeppelin reveals similarities in the musical syntax of both groups. This 
approach of using the musical syntax from Black Sabbath’s work to inform Led Zeppelin’s musical 
syntax is often used by scholars such as Andrew Cope [1]-[2]. Unlike Cope, this method shows 
how Led Zeppelin demonstrated heavy metal qualities in “Whole Lotta Love.” Their debut album 
(1969) and the rest of Led Zeppelin II (1969) is discussed to contextualize the piece. The lyrical 
intertextuality between “You Need Love” by Willie Dixon and “Whole Lotta Love” in Figure 1 shows 
how the appropriation of African American blues has influenced metal through Led Zeppelin’s 
music. After detailing the influence of Led Zeppelin on heavy metal music, we use Led Zeppelin’s 
roots in blues syntax, along with the other methods listed, to provide a musical analysis, drawing 
on Susan Fast’s observations of heavy metal qualities in Led Zeppelin [3]-[7]. Areas of focus in 
proto-metal track “Whole Lotta Love” include production and technique, heaviness, song form, 
timbral qualities and experimentation, and construction and development of the riff.  

 
3. Background Information: The UK Blues Revival 

 
On February 9th, 1964, the Beatles had their iconic performance on The Ed Sullivan Show. 

This performance largely marks the start of what is referred to as the British invasion, in which 
bands from the UK became popular overseas in the United States of America [10]. During the 
1950s, England was experiencing the aftermath from World War II. According to Philo [11], one 
in three homes in the UK did not have a bath and one in twenty did not even have running water. 
Additionally, most households could not afford the luxuries found overseas, such as cars, washing 
machines, and televisions, food was strictly rationed, and the landscape still reflected the 



 

Mary Norris and Nolan Stolz 

Volume X, Fal l  2017     Page | 28 
 

bombings that occurred during the war. Due to dreary, post-war life in England, many British 
youths turned to American culture as a way to cope with the difficulties of living in 1950s England. 
British youth received the styles, music, and movies of 1950s America well, and their ability to 
indulge in the culture was only fueled by new teen affluence. Rock and roll artists like Chuck Berry 
and Bill Haley became popular in the UK around 1955, and by the late 1950s, television became 
the primary form of mass communication, showcasing American music to the public [11].  

In Liverpool, a movement called Merseybeat was forming. Merseybeat pop is a rock and roll-
based genre primarily formed by the Beatles and heavily inspired by Chuck Berry, Little Richard, 
and Goffin and King [3]. Around the same time Merseybeat was taking off in Liverpool, the British 
blues revival was developing. British groups were drawing their influences from American blues 
musicians such as Muddy Waters, B.B. King, and Howlin’ Wolf. UK youths were playing jazz, rock 
and roll, and blues in their garages, and following the success of the Beatles, were able to export 
it to the U.S. [12].   

 
4. The Formation of Led Zeppelin 

 
Out of the blues revival came UK bands such as the Yardbirds, the Animals, Cream, John 

Mayall’s Bluesbreakers, and the Jimi Hendrix Experience. These bands contributed elements 
such as loud drumming, virtuosic playing styles, distortion, and heavy bass guitar to the heavy 
metal genre [4]. Because these groups were covering blues works within a distorted, louder 
context, they are considered a part of the blues rock genre.  

The Yardbirds were formed in 1963 by British art students Keith Relf (vocals and harmonica), 
Jim McCarty (drums), Paul Samwell-Smith (bass guitar), Chris Dreja (rhythm and bass guitars), 
and Anthony “Top” Topham (lead guitar) [7]. The Yardbirds have been cited in Popoff’s 2015 book 
Who Invented Heavy Metal? as a heavy, distorted, and powerful live band [13]. Once Topham 
was replaced by Eric Clapton, the group began playing blues covers, and once Jeff Beck replaced 
Clapton, guitar became the instrument of focus in the Yardbirds’ music [13]. In 1966, Jimmy Page 
joined the group and continued along a path of experimentation and psychedelia, which can be 
heard on tracks such as, “Dazed and Confused” [7], [14].1 In 1968, the Yardbirds split up; Jimmy 
Page formed the New Yardbirds with John Paul Jones of London and John Bonham and Robert 
Plant of Birmingham; and the group became Led Zeppelin [13].  

Birmingham is essential to the discussion of Led Zeppelin as a heavy metal forerunner. Not 
only is it the birthplace of Black Sabbath, who is largely considered the first heavy metal band, 
but Bonham and Plant were members of Band of Joy, a cover band in Birmingham [15]. Fast [7] 
notes Bonham’s heavy drumming as one of the reasons Led Zeppelin was influential to the 
development of metal. Bill Ward, drummer of Black Sabbath, also noted, “John Bonham and I 
played really aggressively and really loud, but we’d been doing that for a long time [2].” The 
poverty faced in the UK following WWII can be accurately represented through the struggles of 
Birmingham residents. According to Harrison [9], Birmingham residents lived within close 
proximity to factories and railways, creating a harsh, crowded, and unclean living environment. 
According to Harrison [9], 51,000 houses were declared unfit for habitation in Birmingham at the 
start of the post-war cleanup, and 29,000 houses were built back-to-back. Both Harrison [9] and 
Cope [2] cite this harsh environment as having a large influence on the music of Black Sabbath. 
Given that Black Sabbath (under the name “Earth”) and Led Zeppelin were both formed in 1968, 

                                                           
1 See Fast (2001b) and Edwards, Gavin. 2016. The Yardbirds adapted Jake Holmes “Dazed and Confused” from his 
solo album “The Above Ground Sound” of Jake Holmes (1967). Following the Yardbirds’ breakup, “Dazed and 
Confused” appeared on Led Zeppelin, and Jake Holmes sued the band for copyright infringement in 2010. 
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it is likely that Birmingham’s environment also impacted Bonham and Plant, who were from the 
area.  

5. Zeppelin I and II, Plagiarism, and Reaching Influence 

 
“Whole Lotta Love” appears on Led Zeppelin’s second album, Led Zeppelin II [16]-[17]. Before 

discussing the track’s background, it is essential to discuss their debut album, Led Zeppelin [18]. 
Led Zeppelin was released on January 12, 1969 through Atlantic records. It contains multiple 
proto-metal tracks, such as “Good Times Bad Times,” “How Many More Times,” and 
“Communication Breakdown.” Other tracks, such as “Babe I’m Gonna Leave You” and “Dazed 
and Confused” foreshadow the “light and shade” found in later Zeppelin works, such as the iconic 
“Stairway to Heaven” [15].2   

Having already established some heavy music in early 1969, Led Zeppelin released their 
second album, Led Zeppelin II, on October 22nd, 1969. This album, like Zeppelin’s debut, contains 
a variety of tracks, most of which are blues-based. Notably heavy songs include “Heartbreaker,” 
“Living Loving Maid (She’s Just a Woman),” “Moby Dick,” the latter half of “Bring It On Home,” 
and “Whole Lotta Love.” These tracks all feature the use of heavy distortion, repetitive riffs, 
doubling of riffs in the bass guitar, powerful lead guitar, and heavy drumming. “Moby Dick,” which 
features the heaviest drumming on the album, uses detuned guitars, which also contributes to the 
overall heaviness [1]-[2]. The tamest track on the album is “Thank You,” an acoustic ballad with 
love-themed lyrics.  

The song of focus from Led Zeppelin II is “Whole Lotta Love.” While many heavy metal 
elements are displayed on Zeppelin’s sophomore album, “Whole Lotta Love” contains some of 
the heaviest elements, especially for 1969. The primary lyrical and melodic content in “Whole 
Lotta Love” was plagiarized, but the primary riff used to establish the song was thought to have 
come out of one of the “Dazed and Confused” jams, according to John Paul Jones [14]. In an 
interview with Marc Myers, Jimmy Page claims he wrote the riff on his houseboat in England 
during the summer of 1968 [19]. Whether out of a band jam or written individually, the primary riff 
for “Whole Lotta Love” establishes heaviness in the song from the beginning, and maintains this 
heaviness throughout the work.  

“Whole Lotta Love,” like “The Lemon Song” and “Bring It On Home,” plagiarizes a pre-existing 
blues work [14].3 In 1985, Dixon took Zeppelin to court again for “Whole Lotta Love,” which was 
derived from “You Need Love” (1962) [13], [20]. The lyrics and melody for both the verses and 
hook are nearly identical, and this can be seen by comparing the first verse of “Whole Lotta Love” 
with the last verse of “You Need Love” (see Figure 1) [21]-[22].4 Robert Plant on “Whole Lotta 
Love”: “I think when Willie Dixon turned on the radio in Chicago 20 years after he wrote his blues, 
he thought, ‘That’s my song.’ When we ripped it off, I said to Jimmy, ‘Hey, that’s not our song.’ 
And he said, ‘Shut up and keep walking’” [15]. 

 
 
 

                                                           
2 Jimmy Page has referenced what he calls “light and shade” in the music of Led Zeppelin, which is a, “…marriage of 
blues, hard rock, and acoustic music with heavy choruses” (Hoskyns 2006: 5).   
3 “The Lemon Song” is a blues number on Led Zeppelin II derived from Howlin’ Wolf’s “Killing Floor,” and Willie Dixon 
received a settlement for “Bring It On Home” for a Sonny Boy Williamson track of the same name (Edwards 2016). 
4 See the Recording Industry Association of America’s certification for Led Zeppelin II and Caulfield, Keith. 2015. 
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Figure 1. The first verse of “Whole Lotta Love” and the last verse of “You Need Love” by Wille 
Dixon [20]  
 

This plagiarism is central to the discussion of Led Zeppelin as a heavy metal forerunner 
because of their incorporation and appropriation of African American blues. Scholars, such as 
Cope [2] and Moore [23], argue that the blues are a part of why Led Zeppelin is not heavy metal, 
while other scholars, such as Fast [3] and Walser [24] recognize the prevalence of blues in Led 
Zeppelin’s music and identify them as an early heavy metal band. Prolific journalist Martin Popoff 
claims that 1/3 of Zeppelin’s released music is metal [25]. Both blues and heavy metal syntax 
appear simultaneously in “Whole Lotta Love,” which will be further discussed under the Musical 
Analysis section below. Blues appears in other heavy metal contexts, such as in the work of heavy 
metal founders Black Sabbath and Deep Purple. While Cope [2] argues that Black Sabbath 
influenced metal bands (such as Metallica and Pantera) and Led Zeppelin influenced hard 
rock/alternative bands (such as the Foo Fighters and the White Stripes), this argument cannot be 
reduced so easily.  

Metal artists such as Tool, Dave Mustaine of Megadeth, John Petrucci of Dream Theater, 
Steve Harris of Iron Maiden, and Kirk Hammett of Metallica have all cited Led Zeppelin as having 
an influence on their music [26]-[30]. For example, a video clip from a live performance by Tool in 
2016 at the Bill Graham Civic Center in San Francisco, CA shows the band covering Led 
Zeppelin’s “No Quarter” dressed as Led Zeppelin for Halloween [26]. Additionally, Dave Mustaine 
of Megadeth stated in a 2016 article on his favorite album of all time: “But if you put a gun to my 
head, I’d have to pick Led Zeppelin. Presence is the one that came out when I was becoming a 
fan, because I was too young when the earlier records came out” [27]. Kirk Hammett of Metallica 
stated at the Zeppelin film Celebration Day premier: “I cannot say enough about Led Zeppelin 
and the fucking impact they’ve had on me and my musical career” [30]. Additionally, footage from 
a concert with Dimebag Darrell’s early 2000’s band, Gasoline, shows the guitarist performing 
“Moby Dick” [31]. While Led Zeppelin influenced alternative and hard rock bands, Zeppelin’s 
musical influence on the genre of heavy metal is noteworthy. On November 15, 1999, Led 
Zeppelin II was certified 12x platinum by the RIAA, and its 2014 reissue reached the Billboard 
Top 10 [22].4 Thus, aside from their influences on specific metal musicians, their popularity and 
immense success has positioned them in an influential position.  
While many songs in Zeppelin’s catalog could be used for a heavy metal musical analysis, this 
analysis will focus on “Whole Lotta Love.” Elements of discussion in “Whole Lotta Love” include 
timbre, riff, production, instrumentation, form, and lyrical content. These will be discussed 
chronologically in the form of a listening guide, moving through the song’s form with additional 
elements discussed at the end of the analysis. 
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6. Musical Analysis 

 
The form in “Whole Lotta Love” is repetitive, but complex in that it is multi-sectional 

(ABABCDA’BE + Coda). The form will be referred to throughout the analysis, which is best 
explained by Table 1. The song’s length, (5:34), is also important to note, as it falls outside of the 
typical three- to four-minute range for pop and rock song-length. 
 
Table 1. Form of “Whole Lotta Love” with time stamps 
 

0:00 I Intro. Guitar riff enters alone and bass joins.  

0:11 A 
Verse section. The riff is repeated under the bulk of the lyrical content, 
and there are no drums for this verse. 

0:31 B 
Chorus. Plant repeats “Wanna whole lotta love.” This section contains 
slide guitar. 

0:45 A Verse 2. Same as above, but with drums. 

1:08 B Chorus 2. Same as above. 

1:18 C 
Middle section. This section is avant-garde, uses heavy production and 
effects, uses the Theremin, and contains no harmonic structure.  

3:01 D Blues-based guitar solo.  

3:19 A’ Verse 3. Same as above, but slightly longer. 

3:45 B Chorus 3. Same as above. 

3:58 E 
Plant sings “Way down inside…” with reverse echo and monophonic 
texture until right before the Coda.  

4:26 Coda The riff is vamped while Plant improvises, and it fades to the end.  

 
At (0:00), the primary guitar riff enters distorted and alone. This riff is one of the heaviest 

elements of this song, as not only does it use the power chord, but also because Page plays this 
riff palm-muted. Additionally, the riff stays on an E chord with the root played on the seventh fret 
of the A string. Its quality is not implied because of the absence of the chordal third, and Page 
hits the chord in accented bursts with the low E string acting as a constant pedal. The use of the 
power chord and the doubled root played in two octaves emphasizes the low ends of the piece. 
In the guitar riff, Page also uses a short blues lick as a turnaround back into the riff. At (0:05), the 
bass guitar enters, doubling the riff, and emphasizing low-ends again.   

At (0:10), Robert Plant enters on vocals with, “You need coolin’/Baby, I’m not foolin’/I’m gonna 
send you/back to schoolin’.” Plant scoops up to the first note, a common blues vocal technique. 
In this context, it provides leverage for breath control and power and prepares Plant’s voice to 
belt in a higher range. Vocal power and tenor highs are heavy metal techniques found in metal 
bands later on, such as Judas Priest [32]. Plant’s range throughout this song is that of a 
countertenor or an alto. His vocal timbre is also slightly gritty, and as his voice follows ascending 
portions of the melodic contour, his voice sounds closer to yelling/light screaming, particularly, 
when he sings up to a B in this excerpt starting at (0:14). This excerpt also displays blues elements 
present in the song. The vocal melody is based around the minor pentatonic scale commonly 
used in blues (Figure 2).  
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Figure 2. “Whole Lotta Love” vocal melody (0:14) 
 
At (0:31), the drums enter. Bonham does not play a traditional rock and roll backbeat, but 

accents syncopations on both the snare and hi-hat. The first chorus also appears here, in which 
a second guitar line is dubbed over. There is a descending slide using a backwards echo and 
panned from left to right following each time Plant sings “Whole Lotta Love” [19], [33].5 At (1:08), 
the second chorus enters, and the slide is heard once again. Bonham’s drumming is more cymbal- 
and fill-heavy in this repetition of the chorus.  

At (1:17), the C section begins. This is the most avant-garde portion of the piece, and Jimmy 
Page’s use of the Theremin, combined with other strange sounds and panning techniques, create 
a doomy, psychedelic atmosphere [33].6 Throughout this entire section, which lasts from (1:17) to 
(3:01), Bonham keeps the pulse with the hit-hat. What sounds like bongos are also used during 
this section, in addition to random cymbal hits drenched in echo. Improvisational vocals (sung 
over no harmonic structure) are also drenched in echo and panned from side-to-side. As the end 
of this section approaches, the Theremin, guitar noises, panning, and vocals become more 
intense. 

At (3:01), the guitar solo begins. The structure of the solo is a call and response between the 
band and Page, in which the band hits two notes simultaneously, and Page solos (using blues 
technique) in between them. Bonham emphasizes these stops with the bass drum, and Jones’s 
bass sounds distorted in this section. The stops are syncopated and short, as demonstrated in 
Figure 3.  

Figure 3. “Whole Lotta Love” rhythm section hits during guitar solo, (3:01) 
 
Following Page’s solo, another verse enters at (3:19). This verse is more improvisatory than 

previous verses, with Plant singing “Yeah/Alright, let’s go.” Following another repetition of the 
chorus, all instruments but vocals drop from the mix. Plant slowly sings, “Way down 
inside/Woman, you need love” at (3:57). Before Plant enters, a reverse echo can be heard [19].74 

                                                           
5 According to final-mix engineer Eddie Kramer, A&R Recording in New York was where Whole Lotta Love was mixed. 
The recording console only had 12 channels, used old-fashioned rotary dials instead of faders, and only had two pan 
pots, or control knobs. Here, Led Zeppelin utilized their creative control with Kramer to incorporate avant-garde 
production techniques, such as backwards echo, side-side panning, and using Low-frequency Oscillators on the tape 
machine (Myers 2016 and Giles 2014). 
6 Page stated that for this section, he detuned his guitar, a Sunburst 1958 Les Paul Standard, and pulled on the strings 
to add to the oddity of the Theremin (Giles 2014).   
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At (4:15), two guitar chords that include the third are heard. Here, the key implied is major (the 
use of minor pentatonic throughout the rest of the song previously implied a minor key). At (4:24), 
Bonham leads into a repetition of the primary verse riff, over which Plant improvises until the end 
of the song. Plant improvises using phrases, “Keep it coolin’ baby/ I wanna be your backdoor 
man” and “Hey, oh.” The track then fades out with bongos and distorted bass audible in the 
distance, allowing for a heavy ending. 

 
7. Conclusion 

 
Led Zeppelin’s “Whole Lotta Love” accurately demonstrates the band’s early heavy metal 

elements. The repetition and doubling of the riff, use of blues elements, use of palm-muting, rough 
and high-pitched vocals, heavy drumming, and distorted bass guitar are all heavy metal elements 
[4]. The lyrics are love-based, which is a pop and blues aspect of the work. The experimentation 
in the middle, while progressive, could be considered more psychedelic and avant-garde than 
heavy metal. The form is multi-sectional yet repetitive, showcasing a synthesis of blues, pop, and 
metal elements. Multi-sectional forms, heavy drumming, long song-lengths, and high-pitched 
vocals have all been featured in music of the bands influenced by Led Zeppelin, such as 
progressive metal bands Tool and Dream Theater [34]-[35], showing a few of the ways they might 
have influenced metal. “Whole Lotta Love” is heavy metal and accurately shows the types of 
musical syntax that are influential in the music of Led Zeppelin.   
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What Should We Be Teaching our Students? 

 
NIKKI K. RIZZO has 

always been fascinated 
by dialects. I became 
interested in the various 
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favor code-meshing, I believe that code-switching 
is more practical. I especially loved discussing this 
issue with and getting feedback from Dr. Shehi. As 
I hope to become a linguist, I believe that this 
project has given me insight into this key issue in 
linguistics. Writing a paper for publication has 
given me practice for what I hope to do in the 
future--research and write. Whether fiction or non-
fiction, I love to write. I also read a great deal, and 
someday soon, I would like to conduct research 
into the dialectal history of South Carolina. For 
those who are considering a research project, I've 
found the Wiley online library to be invaluable. It is 
a much easier site to negotiate while researching, 
and has a lot more up-to-date sources. Overall, I 
would say to have fun with your project--if you are 
interested in the subject matter, others are more 
likely to be interested, as well. 
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the Two-Year College and The CEA Forum. She was particularly interested in assisting Nikki 
Davis in her research since her paper addresses an important concern in current composition 
scholarship, namely how the composition classroom can best serve students from diverse 
linguistic backgrounds, especially those form marginalized discursive communities.  

ABSTRACT. The issue of whether 

Mainstream American English (MAE), 
bidialectalism, code-meshing and 
translanguaging should be taught in English 
Composition classes—or more to the point, 
which of these should be taught—is, 
perhaps, education’s most controversial 
issue in the first quarter of the 21st century. 
The purpose of this paper is to examine the 
various issues related to the teaching of 
these writing methods and to determine—
utilizing a review of the existing literature—
which is best suited to the development of 
students as writers. Code-meshing is a 
method that calls for mixing lexical and 
grammatical features of a student’s native 
dialect with the syntactical structure of 
Mainstream English— thereby adhering to 
an academic style, yet allowing the student 
freedom of self-expression. 
Translanguaging, or languaging, is similar to 
code-meshing, in that it allows the 
internationally-born student to code-mesh 
using elements of his or her heritage 
language. Finally, Bidialectalism, or code-
switching, is a technique that Composition 
instructors are utilizing to ensure that 
students have the capability of writing MAE 
when society calls for it, while 
simultaneously teaching that all dialects are 
equally valid and perfectly suited to non-
academic genres of writing. Code-switching 
employs Contrastive Analysis to compare 
and contrast the grammatical features of 
MAE and the students’ native dialects. After 
much thought, we have concluded that 
code-switching is best suited to composition 
theory, as it provides a serviceable 
compromise, in that students may express 
themselves, while learning the skills that will 
allow them to get ahead in the future. 
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1. Introduction 
 

Since the 1974 edict [1]—that students have a right to use their native dialects when writing 
academic papers—was issued by the Conference on College Composition and Communication1 
a major issue has arisen: which theory of composition (e.g., writing in Mainstream American 
English, bidialectalism, code-meshing, or translanguaging) should educators be teaching in order 
to best ensure that students have fruitful academic careers, as well as successful careers in the 
“real world”? It seems that there will always be people who believe that America should be an 
English-only country, and that English Composition students should be taught to read and write 
in Mainstream American English, and nothing else. At the other extreme, proponents of code-
meshing and translanguaging (languaging) claim that allowing students to write in their native 
dialects, meshing non-mainstream dialects with the structure of MAE, produces more natural 
writing, thereby empowering the students. Advocates of bidialectalism, or code-switching, assert 
that the above methods are not viable, and that the ability to switch between dialects using 
Contrastive Analysis [2] not only aids in expression and the development of writing skills, but that 
it conforms to a society where Mainstream English is demanded. 

 
2. Methods 

 
We conducted thorough research into the major schools of thought: MAE-only, code-

switching, code-meshing, and languaging, relying on the existing literature to determine which 
method should be taught in English Composition in order to best aid in students’ development as 
writers. 

 
3. Discussion and Results 

 
Particularly in this political climate, there are plenty of Americans who feel that every American 

should speak and write only Mainstream American English. Traditionalists are fiercely opposed 
to anything other than the standard form of the English language being taught in schools. Garner 
[3] writes, “In the legal world, as in the world of affairs generally, any serious departure from 
‘Standard English’ (or what Wallace called ‘Standard Written English’) constitutes an ‘error.’ ” In 
other words, anyone who does not speak MAE is not speaking ‘proper English’, and will not 
succeed in the business world. According to Law Professor Stanley Fish [4], “The issue is whether 
students accorded (the right to write in a native dialect) will prosper in a society where norms of 
speech and writing are enforced not by law but by institutional decorums (sic). If you’re about to 
be fired because your memos reflect your ‘own identity and style’, citing the CCC resolution is not 
going to do you any good.” Linguists such as Wolfram and Schilling [5] are working toward 
changing this view of dialect usage, noting that all dialects are equal and highly-structured forms 
of language, but even they acknowledge that MAE is socially favored in the U.S. Unfortunately, 
this is the truth of our society, and until public perception of language varieties changes, we must 
ensure that students have every opportunity to learn the language of the powerful.  

Proponents of code-switching acknowledge that every dialect and every language are equally 
valid, while at the same time, they realize that Mainstream American English is the language of 
the powerful in this country, and that it is essential to learn MAE to be successful in the real world 
[6]. Wheeler and Thomas [2], advocates for bidialectalism, developed a method known as 

                                                           
1 Students’ Rights to their Own Language (SRTOL) 
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contrastive analysis, in which educators help their students to break down vernacular or dialectal 
sentences into grammatical elements and compare them to the corresponding elements of MAE. 
In this way, the students’ home language variety is shown to be just as structured as MAE, which 
helps them to better understand the workings of both dialects. The students then move on to 
decide for themselves which English to apply to which register or genre and when [2]. For 
example, when writing an academic essay, the students would choose to write in MAE, while a 
more creative paper, such as a short story, could be written in dialect, as it is a more personal 
form of expression. 

Wheeler and Thomas [2] also argue that it is a fact that human beings discriminate against a 
speaker of a dialect that differs from theirs from infancy—babies tend to focus longer on a speaker 
of their native dialect. Race is not an issue when children choose their friends, but dialect is. 
Wheeler and Thomas [2] write, “Crucially, humans begin to rely on language as a cue to in-group 
status well before they have been exposed to (or become aware of) the larger social implications 
associated with dialectal language use.” In other words, it is human nature for people to stigmatize 
an unfamiliar dialect, and the people who speak different dialects are instinctively thought of as a 
belonging to a separate, possibly inferior, group. Advocates for code-switching add that since 
white males are in positions power and are thought of socially as having a higher status, that to 
learn to write in the dialect of the socially favored is to open up avenues to well-paying jobs [6].   

There are those who argue that code-switching is racist and that it doesn’t allow for an 
expression of individual identity [7].  Young [8] writes, “Indeed, the arguments used to support 
code switching are startlingly and undeniably similar to those that were used to support racial 
separation.” He further argues that it becomes more difficult to learn a new language the older a 
person is, and that the heritage language will always be present in some way in that new 
language; since dialects are fully compatible with MAE, the two should be meshed, not switched.  
In essence, advocates of code-meshing believe that code-switching separates the student from 
his or her essential identity, while code-meshing encourages a larger linguistic repertoire and 
fosters understanding.  

Similarly, proponents of translanguaging—such as Horner et al. [9] — believe that language 
is fluid and that “codifications overlook the fluctuating character of each set of language practices 
(and) overlooks the ways in which each of these codified sets interacts with other sets within and 
beyond a given arena...”. Language learning— which is a lifelong process, according to Horner 
et al. [9]—is something that we all have to do every day, and that we use different languages in 
different situations, but there is definite overlap across these language variations.  

We agree with Wheeler and Thomas [2] and Elbow [6] that not learning MAE puts students at 
a distinct disadvantage later in life. The world of education and the business world are two 
separate entities, and no matter how open-minded academics may be, they are not the ones who 
make the rules in the business world—potential employers are far less likely to indulge code-
meshing or translanguaging than are educators; they do not have to hire someone whose writing 
they cannot decipher, and they are not likely to do so. Therefore, educators who allow their 
students to eschew MAE for code-meshing in their assignments are ensuring that the futures of 
their students will be impoverished. 

It may seem that code-meshing and translingualism are valid methods that allow the student 
to write more expressively, without having to learn a whole new set of rules. Expression is certainly 
a goal of education. However, we must keep in mind that another of the goals of education, 
perhaps even the main goal, is to ensure that students will have a successful future, and this is 
where these methods fall short. Code-meshing and languaging, unfortunately, also teach 
ineffective communication skills, as there will be times in the real world when students will 
encounter someone who does not speak their particular dialect, which can cost them dearly.  

Horner et al. [9] admit that “readers expect, even demand, that writers try to do their best to 
communicate to their readers ...”.  Self-expression is, of course, important in writing, but it must 
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not be forgotten that writing has a goal—to communicate with the reader—and when the writing 
is incoherent to the reader, then writing is a little bit like singing in the shower: it’s fun, but there 
is no audience. Writers are not communicating with their audiences when they code-mesh native 
dialects into MAE. Utilizing code-meshing assumes that the target audience is familiar with the 
writer’s home dialect, and we simply have not reached the point in this country where this is an 
effective means of communication.  

In addition, these methods are impractical to teach and grade effectively; expecting teachers 
to recognize what constitutes a mistake, and what is dialectal, in each dialect and vernacular of 
his or her class, may be a bit too much to ask. For example, Stiefel et al. [10] report that “In New 
York City, elementary and middle school students speak a wide variety of languages in their 
homes (162) and come from a vast number of countries (192).” The impracticality of teaching 
code-meshing is insurmountable—the method allows the use of a vernacular or dialect to be fused 
with standardized rules, but how much dialect is too much? Young [8] raises the point that code-
meshing is a “blending” of native dialect with English, but does not mention how teachers are 
supposed to teach, or grade, this blending. America has at least 24 different regional dialects 
[5]—add to this the questions of a person’s ethnicity, gender, class, work or hobbies, and to whom 
a person is talking, and in what situation, and that number becomes almost infinite.  Horner et al. 
[9] contend that “a translingual approach supports efforts to increase the number of languages 
and language varieties that students know, and to deepen their knowledge of these.” All dialects 
and vernaculars being equal, an educator would have to teach every dialect and vernacular in the 
United States—or at least every one of his or her students’ variations—and of course, this is 
unrealistic. Professors barely have the time to teach just what is included in the textbook for a 
semester—adding dialect and vernacular to this, and expecting all of our educators to be linguists, 
are simply not feasible. 

While those such as Horner et al. [9] and Canagarajah [11], supporters of translingualism, 
might say that code-switching is unnatural expression, we contend that everyone code-switches 
every day. There are specific discourse communities which share dialects, jargon and slang in 
each person’s life, and each person has multiple communities. We speak differently at work than 
we do with our friends—it is the nature of communication. There may, in fact, be some overlap in 
MAE and vernacular, as Horner et al. [9] claim—however, this does not mean that we are 
communicating effectively when this happens. For example, if a poker dealer uses poker jargon 
with someone outside of the poker community, that person is not likely to understand. We have 
to remember to whom we are speaking, and adjust our discourse so that we are understood. It is 
much easier to teach 35 students one language than it is to teach 35 people 35 languages. As far 
as Young’s argument [8] –that teaching code-meshing encourages unity—is concerned, our 
position is that not only does it not unify people, it separates them more effectively than code-
switching ever could. When there is a breakdown of communication, people are divided—it is 
when people have things in common, such as learning a common language together, that unites 
people. It must be remembered that MAE is a dialect, and one that does not come naturally to 
anyone; as Peter Elbow [6] has said, “Standard Written English is no one’s mother tongue (italics 
not added)”. 

 
4. Conclusion 

 
While we fully recognize that every dialect is equal, and that it may be harder for some to learn 

MAE than others, we believe that educators should focus on teaching code-switching. Code-
switching validates students’ native dialects or vernaculars, while simultaneously fostering 
communication, which fosters unity, and ensures that students have the tools that they need to 
work in the business world. Race has nothing to do with Mainstream American English, as white, 
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affluent people must learn it as well—it is an educational construct—in addition, educators are 
fighting an uphill battle if they decide to teach code-meshing, as there simply is no concrete and 
practical way to do so. Educators who teach code-meshing or dialectal writing encounter 
confusion from their students— Devereaux and Wheeler [12] write about students reading a poem 
in African American Vernacular English (AAVE), “When the class read the line ‘I hope my chile’ll 
never love a man’ Ashonti, a young lady fluent in both African American Vernacular English 
(AAVE) and standardized English, stumbled and looked at (the teacher) for help.” If a person who 
speaks the dialect in question has trouble understanding it, how can the writer who code-meshes 
possibly achieve the end goal of communication? 
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ABSTRACT. Anthropogenic 

activities (e.g., the burning of fossil 
fuels) have greatly increased the 
amount of mercury cycling in the 
environment. Of particular concern 
in aquatic systems is mercury 
methylation, which is the conversion 
of inorganic mercury to 
methylmercury by bacteria. 
Methylmercury is extremely toxic to 
aquatic organisms. In this study, we 
evaluated the potential for 
mosquitoes to serve as bioindicators 
of methylmercury pollution. 
Specifically, we conducted 
experiments that assessed the effect 
of methylmercury on early life 
mortality and development of yellow 
fever mosquitoes (Aedes aegypti). 
We hypothesized that 
methylmercury would negatively 
affect pupation and the number 
adults produced by A. aegypti. We 
exposed A. aegypti eggs to a series 
of methyl mercury concentrations 
(i.e., 0, 0.625, 1.25, 2.5, 5.0, 10.0, 
and 20.0 parts per billion). 
Regression analyses indicated that 
as methylmercury concentrations 
increased there was a significant 
decline in pupation (≤15%) and the 
development of adults (≤10%). The 
negative impacts we observed 
demonstrated that A. aegypti is 
highly sensitive to methylmercury 
exposure and that mosquitoes may 
be a good bioindicator of 
methylmercury pollution in natural 
systems.  
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1. Introduction 

 
Anthropogenic activities (e.g., the burning of fossil fuels) have greatly increased the amount 

of mercury cycling in the environment. In fact, human activities have emitted more than 200 
kilograms of mercury into the atmosphere over the last century [1]. A portion of this mercury, 
coupled with naturally occurring mercury, is deposited in aquatic systems. Of particular concern 
in aquatic systems is mercury methylation, which is the conversion of inorganic mercury to 
methylmercury by bacteria [2]-[3]. Methylmercury is the most toxic form of mercury and can 
accumulate in organisms, often biomagnifying through trophic levels [4]-[6]. Consequences of 
methylmercury bioaccumulation include behavioral, neurochemical, hormonal, and reproductive 
impairment in birds, mammals, and fish [7]. In humans, methylmercury exposure at low levels can 
cause nervous system alterations, suppressed immune functions, and increased risk of 
cardiovascular diseases [8]. Fetal exposure often results in still births and severe cerebral palsy–
like symptoms [8].  

A bioindicator is an organism that reflects the biotic and abiotic changes in an ecosystem [9]. 
Given the harmful nature of methylmercury in aquatic systems, it would be advantageous to 
identify organisms that can serve as bioindicators of mercury pollution. Mosquitoes have been 
used as bioindicators due their sensitivity to environmental changes and a life cycle with aquatic 
(egg, larvae and pupae) and terrestrial (adult) stages [10]. Mosquitoes have been proven to be 
good bioindicators of wetland conditions [11], forest degradation [12], lead contamination [13], 
and other heavy metal contamination [14]-[16]. In the current study, we aim to determine if 
mosquitoes are a good bioindicator of methylmercury pollution in natural systems by quantifying 
the effects of methylmercury on early-life mortality and development of yellow fever mosquitoes 
(Aedes aegypti). We hypothesized that methylmercury concentrations will negatively affect the 
number of eggs that pupate, and the number of adults produced in A. aegypti.  

 
2. Methods 

 
Study Organism 
 

We used Aedes aegypti (yellow fever mosquitoes) in our study. The geographic range of A. 
aegypti spans across six of the seven continents. They are found in Asia, Europe, Africa, 
Australia, South America and North America at conditions ≥10 ̊C [2],[17]. They have a dispersal 
range of 28m to 400m with an average home range diameter of 800 meters [18]-[19]. The adults 
serve as efficient disease vectors, because of their blood feeding patterns, and they can transmit 
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numerous pathogens to humans including Zika, dengue, and yellow fever viruses [20]-[23]. 
Specifically, they can feed on multiple humans during one gonotrophic cycle (i.e., egg 
development after a blood meal) [21]-[22], thus transferring diseases to multiple hosts.  

 
Experimental Design 
 

Before testing our hypothesis, we conducted a preliminary experiment to determine the 
mortality threshold of A. aegypti when subjected to methylmercury. For this preliminary work, we 
set up four containers that each contained ≈100 eggs suspended on moist paper in 800 mL of 
dechlorinated water. Each container was randomly assigned to a methylmercury concentration of 
0, 10, 50, or 100 parts per billion (ppb). We placed the containers on shaded shelves in a 
greenhouse at a constant 27 ̊C and we were careful to maintain water levels through time. We 
developed a food solution that contained 1.5 tablets of Tetramin Tropical Tablets (Tetra Inc., 
Blacksburg, VA) per 800mL of water and fed the mosquitoes every four days. We monitored the 
containers for pupation and transferred pupae into microcentrifuge tubes filled with 0.75mL of 
dechlorinated water. Once the pupae morphed into adults, we counted the adults and replaced 
the water in the containers with 70% ethanol to preserve the adults. We determined the sex of 
adults using an optical microscope (Figure 1). 

Based on the results of the preliminary experiment, we designed a focal experiment to test 
our hypotheses. In the focal experiment we used seven concentrations of methylmercury (i.e., 0, 
0.625, 1.25, 2.5, 5.0, 10, and 20 ppb) to examine the effect of methylmercury on early life mortality 
and development. Specifically, we set up and maintained 14 containers following the procedures 
outlined above for the preliminary experiment using a food distribution of two tablets of Tetramin 
per 1200mL. Each container was randomly assigned to one of the methylmercury concentrations; 
thus, each methylmercury concentration had two replicates (Table 1).  

 
Data Analysis 
 

In the preliminary experiment, we used a Fisher’s Exact test to evaluate differences among 
methylmercury concentrations and the proportions of pupae produced. In the focal experiment, 
we used linear regression models to examine the effects of methylmercury on early life mortality 
and development of A. aegypti. All statistical analyses were carried out using R version 3.3.3 (R 
Foundation for Statistical Computing, Vienna, Austria).  

 
3. Results 

 
In the preliminary experiment, we exposed 447 A. aegypti eggs to methylmercury. Our results 

indicated that there was a significant negative effect of methylmercury on pupation with 30.2%, 
12.8%, 0% and 0% eggs pupating at 0, 10, 50 and 100 ppb methylmercury, respectively  (X2 = 
73.471, df = 3, p-value < 0.001; Figure 2). Thus, our preliminary experiment indicated that A. 
aegypti eggs are highly sensitive to methylmercury at concentrations at or above 50 ppb. 
Consequently, for our focal experiment we exposed eggs to a series of lower methylmercury 
concentrations (i.e., 0, 0.625, 1.25, 2.5, 5.0, 10, and 20 ppb).  

In the focal experiment, we exposed 1,578 mosquito eggs to methylmercury. As 
methylmercury concentrations increased, we observed a significant decline in pupae and adults 
(Figure 3). Under the control conditions (i.e., 0 ppb methylmercury), 21% (β±SE = -0.212±0.025; 
t = 8.366; P < 0.001) and 16% (β±SE = -0.162±0.022; t = 7.293; P < 0.001) of Aedes aegypti eggs 
developed into pupae and adults, respectively. We also found that as methylmercury dose 
increased there was a significant decline in the probability of eggs developing to pupae (β±SE = 
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-0.070±0.015; t = -4.726; P < 0.001) and adults (β±SE = -0.053±0.013; t = -4.092; P = 0.002). Our 
results indicated that there was a significant reduction in the probability of eggs developing into 
pupae and adults at methylmercury concentrations greater than or equal to 2.5 ppb, compared to 
control conditions (Figure 3). 

 
4. Discussion 

 
Data collected supported our hypotheses that Aedes aegypti are highly susceptible to 

methylmercury pollution, with a strong negative correlation between methylmercury dose and 
probability of A. aegypti eggs developing into pupae and adults, as we observed significant 
negative impacts at methylmercury concentrations as low as 2.5 ppb. Their sensitivity to 
methylmercury indicates that mosquitoes may be a good bioindicator of methylmercury pollution 
in natural systems. Environmental levels of methylmercury in mosquitoes fall between 1–10 ppb 
[16]. Thus, the concentrations we used were similar to methylmercury concentrations mosquitoes 
may be exposed to in their natural environments. Previous literature has demonstrated that 
mosquitoes bioaccumulate mercury and 92% of mercury found in mosquitoes and other aquatic 
insects is methylmercury [16]. As a bioindicator A. aegypti may aide in quantifying the degree of 
methylmercury pollution in an area.  

In the future, we plan to integrate the data from adult mosquitoes produced in our experiment. 
Specifically, we plan to (i) look at how methylmercury exposure impacted adult sex ratio in A. 
aegypti, (ii) quantify the LD50 (i.e., the methylmercury concentration leading to 50% mortality) for 
A. aegypti adults and (iii) quantify methylmercury exposure impacts on female body size (hence 
fecundity), because larger females produce more offspring [24]. Our integrated data sets will allow 
us to assess both lethal and sub-lethal effects of methylmercury exposure on A. aegypti. Mercury 
and other heavy metals in our environment pose health risks and increased mortality rates among 
different species. Our work coupled with other published literature reinforces the need to decrease 
anthropogenic activities that increase heavy metal concentrations in the environment.  

 
5. Tables and Figures 

 
Table 1. Methylmercury dose and egg count for yellow fever mosquitoes (Aedes aegypti) in 
replicates 1 and 2 for the focal experiment. Dosage in parts per billion (ppb). 
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Figure 1. Image of Aedes aegypti adults under optical microscope. Male has noticeably more hair 
on its antenna than female. 
 
 
 

 
Figure 2. Preliminary data on proportion of pupation of Aedes aegypti at methyl mercury doses 
of 0, 10, 50, and 100 ppb (χ2 = 73.471, df = 3, P < 0.001). 
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Figure 3. Effects of methylmercury (in parts per billion) on proportion of A. aegypti eggs 
developing into pupae (top) and adults (bottom). Represented are results from Replicate 1 (gray 
symbols) and Replicate 2 (black symbols). Also represented are the best fit line (red line) and 95 
% confidence intervals (shaded pink area) from linear regression model for pupae. There was a 
significant negative effect of methylmercury concentrations on pupal (t= 8.366, P < 0.001) and 
adult (t= 7.292, P = 0.002) development. 
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Kennedy Center American College Theater Festival 
(Region IV) Website Design 

 
SARA TOMPKINS became 

involved with this faculty-
mentored undergraduate 
project after my professor, 
Matthew Donaldson, 
approached me and 
explained the opportunity. 
Professor Donaldson has 
been my instructor through 
many of my courses at USC 
Upstate, one of them being 

Interface Design. The Interface Design class was an 
introduction to HTML5, CSS3, and the technical and 
creative challenges of designing for the web. I was 
among the few students who enjoyed coding and 
professor Donaldson knew I wanted to continue 
learning after the class ended.  
Our goals were to design a modern version of the site, 
create an easily navigable UI and make the website 
aesthetically and technically functional on all devices. I 
enjoyed the project tremendously, specifically being 
able to be a part of the client conversations and seeing 
the project progress through every stage of 
development.  

After having a hand in this project, I can confidently 
enter a career post-graduation with real client 
experience and communication skills. I learned how to 
turn initial client requests into mockups, present the 
mockups to the clients, process their feedback, and 
execute that feedback into the development stage of a 
website. Outside of school and work I enjoy designing 
art, cooking, and photography. 
 

MATTHEW DONALDSON 

was born and raised in 
Bennettsville, South Carolina, but now resides in Spartanburg. He is in 
his fourth year as an Assistant Professor of Graphic Design at 
University of South Carolina Upstate. He teaches a variety of courses 
in graphic design, including Interface Design I, Graphic Design I, II and 
III, and Senior Seminar for Graphic Design. He also serves as Co-
Director of The Studio, a student-run, faculty-led design firm, at USC 
Upstate. 

In 2007, Donaldson earned a Bachelor of Arts in Visual Arts from 
Francis Marion University. He later went on to earn a Master of Fine 
Arts in Graphic Design from the University of Memphis, in 2010. Upon 
entering the professional design industry, he worked as an Interactive Designer for Thompson & 

ABSTRACT. The Visual Arts Design 

program at the University of South 
Carolina Upstate (USC Upstate) 
operates an in-house design firm known 
as, "The Studio," a faculty-led, student-
run graphic design firm servicing the 
visual communication and branding 
needs of the university, as well as local 
startup companies and organizations in 
the surrounding community. The Studio 
is the product of one significant faculty 
initiative: offer our graphic design 
students the opportunity to apply the 
skills they learn in the classroom to 
solving real world industry challenges 
under the guidance and direction of 
design faculty. Students nurture their 
creativity in a professional context and 
build stronger relationships with the local 
community and other departments on 
campus. A research assistantship was 
awarded through the Office of 
Sponsored Awards and Research 
Support (SARS) to USC Upstate design 
student Sara Tompkins. Sara assisted 
Professor Matthew Donaldson in the 
design and development of a new 
website for the Kennedy Center 
American College Theater Festival 
(Region IV). The primary objectives of 
the project were to create a responsive, 
visually compelling website and 
establish a user interface that created a 
smooth and simplistic interaction with 
the user. The KCACTF Region IV 
website is used to distribute information 
to theater programs across various 
states in the southeastern United States. 
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Co., located in Memphis, Tennessee and as an Assistant Professor of Graphic Design at Seton 
Hill University in Greensburg, Pennsylvania. 

Donaldson has presented at both the Annual Southeastern College Arts Conference and the 
Annual SC Upstate Research Symposium. As a designer, his primary focus is applied research, 
in this case, professional design work, with the majority of that work based on content 
management systems and responsive design and development. He has completed design work 
for such companies and organizations as: Spartanburg Downtown Cultural District, Bath Fitter 
Pittsburgh, Emory University Genetics Laboratory, Adams Strategy Group, and Blue Sky Sign Co. 
This research project provided Donaldson with the opportunity to work with Sara Tompkins. Web 
design can be an extremely challenging area of design for students, as many students struggle 
with the transition from designing for print to writing code and designing for digital environments. 
That being said, Tompkins had no problem accepting that challenge. She excelled in Donaldson's 
Interface Design I course and expressed an interest in learning more about the professional side 
of web design. She is currently bolstering her knowledge of web design by working as an intern 
in the web design department at Infinity Marketing in Greenville, SC. This research project was a 
great opportunity and learning experience for Tompkins as she further ventured into the world of 
professional web design, responsive design, and content management systems. 

 
1. Introduction 

 
The field of web design is constantly changing. As technology continues to advance at a rapid 

pace, so do the design and development processes associated with the web. Smartphones and 
tablets have taken over as the top products for browsing the web, which significantly impacts the 
way that we design websites. In fact, as far back as 2011, “for the first year ever, total PC sales 
around the world were outpaced by total smartphone sales [1].” Thus, responsive design, the idea 
that “a website should gracefully ‘respond to’ every size of screen or display of devices like Smart 
Phone, tablet, notebook or any size desktop monitor [2],” was born.  

The Studio, a faculty-led, student-run design firm at University of South Carolina Upstate (USC 
Upstate), has been in operation for three years. The Studio focuses on design for local startup 
businesses and nonprofit organizations, as well as University departments and organizations. The 
vast majority of The Studio’s work is print-based. However, occasionally, The Studio will get a 
request for a web design project. Web design projects tend to be a bit more complex than print 
design projects, and that is especially the case in the design and development of the Kennedy 
Center American College Theater Festival (KCACTF) - Region IV website, as it consists of a 
significant amount of information and a content management system (CMS), which allows the 
client to update information on the site. The KCACTF - Region IV was in need of a website to 
disseminate a large amount of information to various theater organizations throughout the 
southeastern United States. It also required that the website be fully responsive and feature a 
simple, yet effective user interface (UI). Although the visual appeal of a website is certainly 
important, “Most users don't go to the Web to ‘have an experience’ or to enjoy the site designs: 
the UI is the barrier through which they reach for the content they want [3].” 

 
2. Methods 

 
The KCACTF - Region IV web design project began with a conference call with 

representatives from the organization. The representatives spoke about the mission of the 
organization and its need for a website. They defined the scope of the website project and 
provided a list of objectives. It became clear that KCACTF - Region IV was in need of a website 
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to disseminate a large amount of information to numerous theatrical organizations throughout the 
southeastern United States. Aside from the obvious need of establishing a new and modern look 
for the website, there were two additional primary objectives: establish an easily navigable UI and 
ensure that the website responsively adapted to all devices. 

The challenge that web design presents when working with a large amount of information is 
designing a UI that is simplistic enough to allow the user to easily navigate the website and locate 
the desired information. “There are plenty of options open to you in organizing an interface–size, 
color, position, shape, hierarchy. But those choices need to be employed with restraint [4].” The 
overall color scheme of the website is minimalistic in that it primarily consists of black, grays, and 
white. Therefore, we opted to incorporate a bright pop of color, gold in this case, to add visual 
contrast to the website and identify clickable links and buttons within the UI of the site (Figure 1). 
All navigation elements become gold whenever a hover state is triggered using the mouse. All 
primary buttons throughout the site are also solid gold to make them readily recognizable. We 
decided to create this minimal design as “the design should not be a hindrance; it should act as 
a conduit between the user and the information [5].” 

Due to the need for a robust amount of navigational links, the navigation for the site is divided 
into two locations: the primary header and the sidebar. The primary header navigation is 
horizontally positioned across the top of the website (Figure 2). This is a standard location for 
website navigation, and it is the first point of contact for the user. It includes links to all of the most 
important information and pages within the site. A set of secondary navigation is displayed 
vertically along the left side of the website (Figure 3). This type of navigation is what is known as 
the “sidebar.” “Secondary navigation, search fields, and outgoing links should not be dominant 
features of the page. If we make these items easy to find, and separate them visually from the 
content, we allow users to focus on the information, though they'll know where to look when they're 
ready to move on to other content [5].” After our initial meeting(s) with the client, we made the 
argument for having only a primary navigation in the header of the website. The idea was to then 
have all of the secondary navigation items be available as a series of drop-down items contained 
within that primary navigation. However, after user testing by the client(s), it was determined that 
due to the vast amount of information on the website, there was a need to separate the 
navigational elements in order to simplify the user experience and aid in the creation of an obvious 
visual hierarchy for the information. These “simple experiences make users confident that they’re 
making good choices [4].” 

The second objective of the website was to ensure that it was responsive and readily 
accessible on all platforms (e.g., computers, laptops, tablets and mobile devices). In the earlier 
days of web design, websites were designed at a single, specific size intended for viewing on a 
computer. Today, however, technology has experienced significant advancements, and “sites 
have to work on more devices and browsers than ever before. Considering how the individual 
components of a site work in different environments, and then how those components come 
together in a unified way to create a broader experience, is essential to the success of any 
responsive project [6].” Responsive design is now a standard within the web design industry, and 
the implementation of responsive design into the KCACTF Region IV website meant also creating 
a UI that was capable of adapting to any digital environment. In order to establish the responsive 
design of the website, a series of “breakpoints” had to be identified. Breakpoints are often defined 
“as the points when certain aspects of a website or web application change depending on 
specified conditions [7].” In the case of the KCACTF Region IV website, breakpoints were 
established at 1140px, 767px, and 480px (Figure 4). The breakpoints are beneficial in that 
“flexible designs make no assumptions about a browser window’s width, and adapt beautifully to 
devices that have portrait and landscape modes [8].” The most significant change in the layout is 
the display of the primary navigation, as it transitions from being a horizontal menu, in which all 
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menu items are on display, when in a larger viewing window, to a vertical, hidden menu, that is 
accessible via clicking a navigation icon, when in smaller windows (Figure 5). 

With the goals of the project established, the client provided the resources (i.e. text, pages, 
photos, etc.) for the website and the design process began. The web design process typically 
consists of the following progression of steps: site mapping, wireframe sketching, mockups, 
design, and development. Due to the amount of content to be placed within the site, the site 
mapping phase was especially important in establishing the architecture of the website. The site 
map also assisted in identifying the need for a secondary navigation on the website. 

The site map and wireframes led to the creation of mockups for the website. Mockups serve 
as the precursor to the actual process of web development. It is the point at which the designer 
is able to present design concepts and strategies in an effort to “sell” the design to the client. 
“Presenting designs to clients (and others) is an art form. It involves the ability to read or infer 
what others are thinking by looking for the right clues, and taking steps to emphasize the 
effectiveness of the design and address or alleviate any concerns your client might have [3].” 
Once the mockups were approved, the design and development phases were implemented and 
the site was completed for the client. 

 
3. Results and Discussion 

 
After meeting with the representatives from KCACTF - Region IV, the objectives for the 

website project were established. It was determined that the website needed a fresh and modern 
look, the ability to responsively adapt to all digital environments, and a visually compelling UI that 
simplifies the process for gathering information on the website. In ensuring that the website would 
function properly on various devices, we targeted some of the most popular breakpoints. These 
breakpoints often correlate to various types of mobile devices (e.g., mobile phones, tablets and 
laptops). By designing the site to adapt responsively to all devices, the site is “future-proofed,” 
meaning that it should be able to withstand advancements in web design for years to come. 

The project required 40+ hours of design and development time and resulted in the creation 
of a 30+ page website. Representatives of KCACTF Region IV are also able to control the content 
of the site via access to a content management system that is built into the back-end of the 
website. The website is complete and is now live on the web at www.kcactf4.org. 

 
4. Conclusion 

 
When designing a website, the most significant challenge isn’t, necessarily, the design, itself, 

but rather the challenge is often satisfying the client and the target audience. This is in regard to 
both the visual appearance of the site, as well as its usability, for if you “create a web site that 
works and presents information well, but looks ugly or doesn’t fit with the client’s brand, no one 
will want to use it. Similarly, if you make a beautiful web site that isn’t usable and accessible, 
people may not be able to use it [5].” In this case, the KCACTF - Region IV website didn’t have to 
follow a specific set of brand guidelines to follow, as the client requested an entirely new design. 
The website also did not have to undergo extensive user testing, as the client had neither the time 
nor resources to conduct such testing. 

Another challenge in the website design was gathering all of the content for the site. The 
gathering of content can become an issue for both small and large websites. The content for a 
website typically includes text, images, videos, pdfs, etc. If all of the content isn’t available at the 
start of the project, especially when working with a large amount of content, it can cause setbacks, 
as a page within the site may be complete, yet suddenly new information must be added, which 
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requires a shift in the layout of the content. In the case of the KCACTF - Region IV website, we 
ran into this very issue on multiple occasions, as we were receiving content from multiple sources. 
On future projects, we will ensure that we have all content before beginning the project. We will 
also avoid the “too many cooks in the kitchen” scenario, in regard to receiving content. This 
streamlines the content gathering and organizing processes. Access to all content at the outset 
of the project also aids in establishing a site structure that more easily translates into responsive 
design. 

The KCACTF - Region IV website project further assisted in legitimizing The Studio as a 
design firm capable of providing professional-quality design work. The methodical process of 
crafting an easily navigable user interface and visually compelling design allows the website to 
more readily distribute information to its users. Careful attention to detail in the responsive design 
and development of the website ensures that it flows seamlessly to all devices and digital formats 
now and for years to come. 

 
5. Figures 

 

 
Figure 1. Link and button UI elements. 
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Figure 2. Primary navigation UI static and hover states on a desktop computer. 
 

 
Figure 3. Secondary navigation in the sidebar. 
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Figure 4. Responsive design views document various breakpoints of the KCACTF - Region IV 
website. 
 
 

 
Figure 5. Primary navigation UI on a smartphone. 
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South Carolina Population Health Analysis Using IBM 
Watson Analytics 

 
MINGWEN ZHENG 
graduated from USC Upstate 
with a Master’s of Science in 
Informatics in August 2017 
and soon after started my 
career as a data analyst with 
Resurgent Capital Services. 
With the support of the 
Informatics department, I 
worked with two classmates 
to take part in the 2017 IBM 
Watson Analytics Global Competition and we placed in 
the worldwide top 10 teams. 

In my previous career, I was a teacher for 8 years 
in China and I moved to South Carolina in 2015. I 
taught for another 2 years during my graduate courses. 
I love South Carolina, but I was concerned when I 
realized education and clinical care in South Carolina 
ranked in the bottom 20th percentile among all US 
states. The idea for this project arose when I found I 
could analyze South Carolina county ranking data with 
IBM Watson Analytics to determine what factors 
contributed to the low ranking of SC health outcomes.  I 
spoke with Dr. Yu and Dr. Fulbright about this project 
idea and they agreed it was an interesting topic. During 
our research they both gave me a lot of valuable 
instruction and helped me to complete the paper. If it 

were not for my graduate study in the Department of Informatics and placing in the top 10 of the 
IBM Watson Analytics Global Competition, I wouldn’t have had such a smooth career change. I 
advise all other students to cherish every opportunity to conduct research because it has made 
such a positive difference in my career and life.  

 

DR. NING YU is an Assistant Professor at the State University of New 

York – Brockport. He earned his Ph.D. in Computer Science from 
Georgia State University in 2016 and has published more than 20 
papers in prestigious journals, such as IEEE Transactions, BMC 
Bioinformatics and PLOS One. His current research focus centers on 
big data and data analytics, deep learning, information processing, 
network and information security, and high-performance computing. He 
greatly enjoyed working with Mingwen on the current study and was 
impressed by her diligence. Excitingly, Mingwen was team leader for a 

group of USC Upstate students that won a place as one of the worldwide top ten teams at the 
2017 IBM Watson Analytics Global Competition. 

ABSTRACT. This paper explores South 

Carolina county health rankings data 
collected from County Health Rankings 
& Roadmaps. Based on the County 
Health Rankings Model developed by 
the University of Wisconsin Population 
Health Institute, we aim to reveal the 
relationship between South Carolina 
population health and the following four 
main factors: social and economic, 
health behaviors, clinical care, and 
physical environmental factors. By 
utilizing IBM Watson Analytics with 
advanced data analytic and visualization 
methods, we found that counties that are 
economically better off and with higher 
levels of education had better health 
outcomes. Thus, our work demonstrated 
that the social and economic, and health 
behaviors factors are the main drivers of 
population health in South Carolina. 
Similar findings from the County Health 
Rankings Model developed by the 
Population Health Institute at the 
University of Wisconsin, clinical and 
physical environmental factors played a 
less significant role as drivers of 
population health. 
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DR. RON FULBRIGHT received his PhD in computer engineering 

from the University of South Carolina and is currently involved in 
management of innovation and cognitive systems research having 
published most recently in the International Journal of Innovation 
Science and the Human-Computer Interface conference. We are at the 
beginning of a new era in which cognitive systems and artificial 
intelligence will change everything about how we live, work, and play. 
The work presented here demonstrates human cognitive 
augmentation by working in collaboration with a cognitive system. 
Originally from Spartanburg, Dr. Fulbright has been with USC Upstate 
since 2003 and is the Chair of the Department of Informatics.  

 
1. Introduction 

 
Population health has been defined as "the health outcomes of a group of individuals, 

including the distribution of such outcomes within the group" [1]. The idea that population health 
is not only about clinical care started to prevail and more determinants are found to be crucial for 
the health outcomes. The County Health Rankings Model developed by the Population Health 
Institute at the University of Wisconsin has analyzed county health rankings to assign the following 
overall weighting scheme for heath factors: Socioeconomic factors 40%; Health Behaviors 30%; 
Health care 20%; Physical environment 10% [2]. From this population health model, we have 
learned that health care plays only a part in the overall health outcome, and actually a very limited 
part, while socioeconomic factors and health behaviors play dominant roles. 

According to the South Carolina Hospital Association, South Carolina has a consistently poor 
performance for most health status indicators, including cardiovascular disease, cancer and 
overall health [3]. Is the poor performance only owing to poor clinical care? The answer is not that 
easy. This paper will analyze the county ranking data [4] in South Carolina based on the County 
Health Rankings Model and compare the 46 counties in South Carolina from the four determinants 
of population health: social and economic factors, health behaviors, clinical care and 
environmental factors.  

 
2. Methods 

 
We discover the knowledge by utilizing the high-level application in Knowledge Discovery in 

Data (KDD) that emphasize on data-drive data mining technologies with IBM Watson Analytics. 
IBM Watson Analytics is an advanced data analysis and visualization tool with guided data 
discovery and cognitive abilities based on the state-of-the-art techniques in Artificial Intelligence 
and Cloud Computing. It can provide powerful features on automated predictive analytics and 
visualization over a variety of data representations. Moreover, IBM Watson Analytics simplify and 
accelerate the procedures of data preprocessing and preparation.  

In the paper, we acquired the South Carolina county health rankings data from county Health 
Rankings & Roadmaps [4]. They are filtered, cleaned, integrated and preprocessed into high 
quality data as the input of IBM Watson Analytics. After loading the data, Watson subsequently 
offers a list of interesting starting points for users to click on. Also, the visual charts are generated 
to show along. There are a bunch of editable fields on the charts to explore more about the data. 
Meanwhile, Watson provides the interactive user interfaces of artificial intelligence that users can 
quickly get the hang of Watson Analytics simply by clicking the recommended discoveries or 
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typing natural language questions, such as ‘What drives health outcomes rank?’ ‘What’s the 
relationship between College and Fair/Poor Health?’ or even typing some key words like ‘college 
obesity’ to interact with Watson Analytics. In addition, there are different advanced visualizations 
offered for users to choose from, including trend line, scatter plot, geospatial mapping or predictive 
model. This paper tries to leverage IBM Watson Analytics to discover the trends and relationships 
among the factors that influence population health in South Carolina. All the figures in this paper, 
unless stated otherwise, are generated by IBM Watson Analytics. 

 
3. Results and Discussion 

 
The appendix table at the end of this paper shows the rankings of health outcomes and its 

related factors sub rankings of 46 counties in South Carolina. The 46 Counties are uniquely 
identified by FIPS, which is a five-digit Federal Information Processing Standards code to 
differentiate counties. The sub rankings include two measurements of health outcomes rankings 
(length of life ranking and quality of life ranking) and the four determinants of outcomes rankings 
(social and economic factors, health behaviors, clinical care and environmental factors). The 
ranking numbers from 1 to 46 indicate the rankings from the best to the worst. For example, 
Beaufort county ranked number 1 for “Health Outcomes”, which means this county had the best 
“Health Outcomes” relative to the other 45 counties. By using IBM Watson Analytics, we explore 
what contributes to the health outcomes ranking and related factors sub rankings. The analytic 
results will be discussed from five aspects: overall health outcomes (length of life and quality of 
life), social and economic factors, health behaviors factors, clinical care factors, and 
environmental factors. 
 
Analysis of Overall Health Outcomes 
 

Health outcome rank is a comprehensive indicator of how healthy the county is. It measured 
two types of outcomes: how long people live (length of life) and how healthy people feel while 
alive (quality of life) [5]. Figures 1 and 2 reveal the drivers of Health Outcomes Rank and Quality 
of Life Rank. Notice the role that clinical care plays is not as significant as health behaviors and 
social and economic factors. This result conforms to the County Health Rankings Model [2] with 
clinical care factors contributing less to health outcomes than social and economic factors as well 
as health behaviors. 
 
Analysis of Social and Economic Factors 
 

Social and economic factors include income, employment, education, violent crime rate, etc. 
that impact a wide range of health, functioning, and quality-of-life outcomes [6]. Figure 3 shows 
the 80th percentile income in South Carolina. The darker the color is, the higher the 80th percentile 
income is. We can identify that Coastal counties (Charleston, Beaufort and two neighboring 
counties Dorchester and Berkeley), York, Upstate counties (Greenville, Spartanburg, Anderson, 
etc.) and capital surrounding counties (Richland, Lexington) take the lead in the 80th percentile 
income, which means these areas are more well-off and have a more prosperous economy 
compared with other counties. What’s interesting is that these counties are also among the top 
list of social and economic factors rank and health outcomes rank. 

There is another interesting discovery: the distribution of highest ranked counties is highly 
correlated to the distribution of auto manufacturing clusters (Figure 4). As can be seen in the 
figure, better ranking counties in health outcomes and 80th percentile income are spread at the 
automotive clusters where a wide range of companies that support all aspects of automotive 

https://en.wikipedia.org/wiki/Federal_Information_Processing_Standards
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manufacturing (e.g., assemblers, parts suppliers and raw material producers) are located. South 
Carolina’s Upstate area is home to BMW Manufacturing Company, Michelin North America 
Headquarters and hundreds of auto suppliers and manufacturers. Coastal areas are attracting 
more auto factories because of the convenience of Charleston’s Port. According to the South 
Carolina Department of Commerce, the automotive sector, with an annual economic impact of 
more than $27 billion, is now an integral part of the state's economy. South Carolina has become 
number one in the export sales of both tires and completed passenger vehicles. In addition, 
158,000 people are employed in the automotive industry and 16,500 jobs have been added in the 
automotive industry since 2011 [9]. The automotive industry is not the focus of this paper, but we 
cannot deny that to some degree the fast-developing automotive industry brings more 
employment and has accelerated some counties’ economy. Thus, it has benefited the population 
health of South Carolina. 

Education, as another significant part of social and economic factors, also reveals a strong 
correlation with the percent of fair/poor health (Figure 5). The “% Some College” designation 
refers to the percentage of adults aged 25-44 with some post-secondary education, the value of 
which is higher when the percent of fair/poor heath is lower. In other words, people with more 
education are more likely to live healthier lives than those with fewer years of schooling.  

The counties with better social and economic rankings have lower violent crime rates and 
lower rates of children in poverty (Figure 6). When social and economic factors rank better, the 
percent of fair/poor health (the percent of adults that report fair or poor health) is lower (Figure 7). 
 
Analysis of Health Behaviors Factors 
 

Health behaviors including smoking, excessive drinking, obesity and physical inactivity 
significantly impact health outcomes. Some people may assume that people living in less 
developed rural counties live a slower- paced life and have less pressure, thus will have healthier 
lives. However, the case is totally different. The National Rural Health Association (NRHA), a 
national nonprofit organization, gave some surprising information that shows abuse of alcohol 
and use of tobacco are significant problems among rural youth. The rate of drinking-and-driving 
arrests is significantly greater in non-urban counties. Forty Percent of rural 12th graders reported 
using alcohol while driving compared to 25 percent of their urban counterparts [10]. Rural eighth 
graders are twice as likely to smoke cigarettes as their peers in the cities (26.1% versus 12.7% in 
large metro areas) [10].  

The South Carolina Hospital Association reported that three out of every five South Carolina 
adults are either overweight or obese and therefore at increased risk for diabetes, hypertension, 
stroke, certain cancers, heart disease, high cholesterol, gall bladder disease, sleep apnea, 
depression, osteoarthritis, and asthma. In 2003, obesity-related medical expenditures for adults 
in South Carolina were more than $1 billion, with more than half of the costs paid by Medicaid 
and Medicare [3]. In Figure 8, the health behavior rank by county shows the same pattern with 
social economic rank. The color scale shows better health behaviors rank in lighter blue and 
worse health behaviors rank in darker blue. By comparison with social economic rank, we can tell 
counties with a better economy and social environment have relatively healthier behaviors. 

Breaking down health behaviors, we find the adult obesity rate goes up together with the 
physically inactive rate and adult smoker rate when the health behavior rank gets worse (Figures 
9 and 10). Though the excessive drinking rate is an exception, the differences among most cities 
are minimal. 

In addition to being prepared for better jobs and higher incomes, people with more education 
are more likely to learn about healthy behaviors. The x and y axes in Figure 11 represent the 
percent of adult obesity and the percentage of adults aged 25-44 with some post-secondary 
education. The trend is very obvious that the higher the college rate, the lower the obesity rate. 

https://www.livescience.com/34866-school-intervention-children-alcohol-abuse-100831.html
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The trend indicates that education contributes to human capital by developing learned 
effectiveness and personal control [11]. Educated people are more able to understand their health 
needs, follow instructions, advocate for themselves and their families, and communicate 
effectively with health providers [12].  
 
Analysis of Clinical Care Factors 
 

Clinical care plays a limited role of 20 percent in the health outcomes, which is lower than the 
role of social and economic factors as well as health behavior factors in the County Health 
Rankings Model [5]. However, clinical care is still important especially when the patients present 
at healthcare facilities. The primary care physician rate, the dentist rate and the quality of care all 
determine the timeliness and efficiency of health outcomes and therefore contribute to the rank 
of clinical care. Figure 12 clearly reveals a trend that as the primary care rate and dentist rate 
decrease, the clinical care rank gets worse. 

Preventable Hospital Stays is the hospital discharge rate for ambulatory care-sensitive 
conditions per 1,000 fee-for-service Medicare enrollees. The rate of preventable hospital stays is 
often used to assess the effectiveness and accessibility of primary healthcare [13].  A study using 
data from the National Hospital Discharge Survey found that 3.1 million (12%) of all 
hospitalizations in 1990 were for potentially preventable conditions [14]. Years of potential life lost 
(YPLL) is an estimate of the average years a person would have lived if he or she had not died 
prematurely. It is, therefore, a measure of premature mortality. Figure 13 reveals higher 
preventable hospital stays rates and higher premature mortality rates tend to happen in poorer 
clinical care counties. 
 
Analysis of Environmental Factors 
 

Do physical environmental factors matter to health? The County Health Rankings Model 
assigned 10 percent for environment factors to health outcomes. It is not the main driver for sure, 
but its importance cannot be ignored. Environmental factors affect large groups that share 
common living or working spaces [15]. The factors in the physical environment that are important 
to health include things like air pollution or proximity to toxic sites (e.g., drinking water violations) 
and access to various health-related resources (e.g., healthy or unhealthy foods) [15]. 

The physical environment ranks are highest in coastal counties. Interestingly, some counties 
(e.g., York, Lexington and Upstate areas) that rank well at social and economic factors do not 
have high physical environment ranks. The result can likely be attributed to the pollution 
associated with the mass-manufacturing industry. 

Clean air and safe drinking water are indispensable to healthy life. The most important 
indicator of air pollution is PM2.5, which refers to atmospheric particulate matter (PM) that have 
a diameter of less than 2.5 micrometers. Owing to the minute size, PM2.5 can easily penetrate 
deep into the lungs and trigger or worsen respiratory diseases [16]. The Safe Drinking Water Act 
requires states to report drinking water information periodically to EPA to disclose violations 
information for each public water system [17]. Figure 14 shows PM2.5 tends to rise slightly when 
physical environment rank gets worse and counties with presence of drinking water violations 
occupy most of the last row on the physical environment ranking list except Beaufort on the coast 
area (ranking 6).  

Let’s take another glimpse of the relationship between food environment index and the adult 
obesity rate (Figure 15). Food environment index is the indicator of access to healthy foods - 0 is 
worst, 10 is best. The counties with the highest adult obesity rate have lower food environmental 
indices. 
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4. Conclusion 

 
Our study demonstrated that of the four factors we investigated, the main drivers of population 

health in South Carolina were the social and economic, and health behaviors factors. Our results 
were similar to the County Health Rankings Model developed by the Population Health Institute 
at the University of Wisconsin. We conclude that population health is not only related to access 
to public health professionals or hospitals, as clinical care accounted for only 20% of health 
outcomes. Environmental factors contributed least to health outcomes (i.e., only 10 percent), but 
their influence cannot be overlooked. While much information is gained by evaluating the factors 
independently of each other it is important to note that the four determinants are closely correlated 
and have a mutual effect on each other. Thus, they each contribute to population heath and future 
studies could investigate how they interact to shape population health. 

The bad performance of South Carolina for most health status indicators seems to be 
reflective of the state’s national ranks in many of the indicators. The U.S. News Best States 
reported that among states South Carolina’s household income ranks 43, education ranks 50, 
two- year college graduation rate ranks 48, health care ranks 39, healthcare affordability ranks 
46, health insurance enrollment ranks 40, public health ranks 41, low mortality rate ranks 42, low 
obesity rate ranks 38, low smoking rate ranks 37, low property crime rate ranks 46 and violent 
crime rate ranks 44 [18]. The poor health status indicators and the poor rankings are definitely 
not a coincidence. Our work supports that they are closely related. The U.S. Best States also 
reported that South Carolina’s economy is relatively strong and growing, as the state ranked 16 
in overall economy and 9 in economic growth [18]. Since socioeconomic factors contribute 
significantly to health outcomes, we are hopeful that South Carolina’s population health will 
improve through time.  

 
5. Figures 

 

 

Figure 1. What drives Health Outcomes Rank? 
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Figure 2. What drives Rank - Quality of Life? 
 
 
 
 

 
Figure 3. The Value of 80th Percentile Income by County 
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Figure 4. Establishments of Core Auto Manufacturing Cluster (Darla Moore School of Business, 
2011[8], Darla Moore School of Business, 2014[9]).  
 
 
 

 
 
Figure 5. Education and Health 
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Figure 6. Violent Crime Rate and Children in Poverty compared by Social & Economic Factors 
Rank 
 
 

 
 
Figure 7. The Correlation between Social & Economic Rank and Percentage of Fair/Poor Health 
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Figure 8. Health Behavior Rank by County 
 
 

 
Figure 9. The Comparison of Health Behavior Rank to (i) the Percentage of Adult Obesity and (ii) 
the Percentage of Physical Inactivity. 
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Figure 10. The Comparison of Health Behavior Rank to (i) the Percentage of Adult Smokers and 
(ii) the Percentage of Excessive Drinkers. 
 
 

 
Figure 11. The Relationship between Education and the Percentage of Adult Obesity. 
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Figure 12. The Comparison of Clinical Care Rank to (i) Dentist Rate and (ii) Primary Care 
Physician Rate. 

 
Figure 13. The Comparison of Rank-Clinical Care to (i) Preventable Hospital Stay Rate and (ii) 
Years of Potential Life Lost Rate. 
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Figure 14. The Comparison of Physical Environment Rank to Average Daily PM2.5 
 

Figure 15. Food Environment compare by Adult Obesity Rate 
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7. Appendix 
 

County Health Outcomes Ranking and Related Factors Sub Ranking 
 

FIPS State County 
Health 

Outcomes 

Length 

of Life 

Quality 

of Life 

Health 

Behaviors 

Clinical 

Care 

Social & 

Economic 

Factors 

Physical 

Environment 

Factors 

45013 SC Beaufort 1 1 2 1 4 7 6 

45035 SC Dorchester 2 2 4 9 7 3 12 

45091 SC York 3 4 1 3 13 2 45 

45045 SC Greenville 4 5 3 2 3 5 23 

45019 SC Charleston 5 3 7 6 1 6 7 

45063 SC Lexington 6 6 6 8 8 1 35 

45015 SC Berkeley 7 8 5 5 10 4 10 

45037 SC Edgefield 8 10 8 19 27 22 26 

45077 SC Pickens 9 13 9 7 9 9 37 

45079 SC Richland 10 7 14 15 2 19 11 

45017 SC Calhoun 11 9 15 13 26 16 24 

45073 SC Oconee 12 11 12 4 16 15 41 

45003 SC Aiken 13 20 10 17 22 14 46 

45083 SC Spartanburg 14 12 16 11 20 8 38 

45007 SC Anderson 15 22 11 16 24 11 39 

45055 SC Kershaw 16 21 13 23 11 10 21 

45051 SC Horry 17 16 18 10 32 29 36 

45057 SC Lancaster 18 18 20 14 21 13 30 

45071 SC Newberry 19 14 22 21 12 12 16 

45081 SC Saluda 20 24 17 20 41 18 28 

45085 SC Sumter 21 19 21 26 19 17 33 

45043 SC Georgetown 22 15 23 12 25 25 9 

45001 SC Abbeville 23 23 19 22 18 20 25 

45047 SC Greenwood 24 17 25 24 5 23 32 

45027 SC Clarendon 25 27 26 27 37 34 31 

45053 SC Jasper 26 25 38 29 46 31 4 

45009 SC Bamberg 27 28 32 28 23 40 8 

45065 SC McCormick 28 29 31 18 6 30 17 

45021 SC Cherokee 29 26 34 37 31 26 44 

45059 SC Laurens 30 34 24 35 28 28 22 

45025 SC Chesterfield 31 32 30 32 45 24 18 

45049 SC Hampton 32 30 37 40 35 36 3 

45041 SC Florence 33 31 35 25 14 21 5 
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45029 SC Colleton 34 37 29 39 43 37 42 

45031 SC Darlington 35 40 27 38 38 27 40 

45087 SC Union 36 38 36 30 29 33 20 

45011 SC Barnwell 37 42 33 31 39 39 34 

45039 SC Fairfield 38 36 39 33 15 32 43 

45023 SC Chester 39 45 28 41 34 38 27 

45075 SC Orangeburg 40 43 40 34 17 42 29 

45089 SC Williamsburg 41 35 41 36 33 41 2 

45005 SC Allendale 42 39 42 45 30 46 13 

45061 SC Lee 43 33 46 44 42 35 19 

45069 SC Marlboro 44 41 44 43 44 45 15 

45033 SC Dillon 45 44 45 46 40 44 1 

45067 SC Marion 46 46 43 42 36 43 14 

 






