
$24.99 US $26.99 CAN
fall 2015



 
USC Upstate Student Research Journal      Page | i  
 

TABLE OF CONTENTS 

Best Student Paper Award Competition ...................................................................... i 

Message from the Editor  ............................................................................................. ii 

The Editorial Board  ..................................................................................................... iii 

Save the Date: 12th Annual SC Upstate Research Symposium ................................. v 

Grant Writing: Recent Big Winners! ........................................................................... vi 

Alumni Spotlights  ....................................................................................................... vii 

National Science Foundation Student Spotlights ..................................................... xi 

 
Mastering Medaka Culture:  Improved Techniques for Increasing Egg and Fry 

Production in Japanese Rice Fish (Oryzias latipes)  ............................................... 26 

Melissa Thompson, Morgan Reed, Dr. Melissa Pilgrim, Dr. Shem Unger, &  Dr. Olin Rhodes, Jr. 

 

A Statistical Algorithm to Detect Cheating in a Video Game:  Pokémon  .............. 34 

Jesse Walters & Dr. Seunggeun Hyun 

 

Risk for Cardiovascular Disease in Blacks with HIV/AIDS in America:  ................. 44 

A Systematic Review of the Literature 

Jessica Davis, Dr. Calvin Odhiambo, & Dr. Bernard Omolo 

 

The Truth That Lurks in the Shadow of Foster Care  ............................................... 54 

Brianne Waddell & Dr. Monika Shehi 

 

BEST STUDENT PAPER 

Submissions with an undergraduate student as the first author were reviewed and 

ranked by our Editorial Board.  The award program and review rubric are described at: 

http://www.uscupstate.edu/researchjournal/. The winning submissions are marked by 

a  in the Table of Contents. 

 

http://www.uscupstate.edu/researchjournal/


 

  

Page | i i     Volume VI II ,  Fal l  2015 
 

MESSAGE FROM THE EDITOR 
 
USC Upstate is proud to announce the publication of the eighth 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 faculty and students 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 such 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, Graphic Design Artist in the USC Upstate University 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. Many thanks to Elaine Marshall, Director 

of Sponsored Awards, for making the grant writing process at USC Upstate a smooth and often 

fruitful process. Finally, we would like to take this opportunity to thank Dr. Clif Flynn, Interim 

Senior Vice Chancellor for Academic Affairs at USC Upstate, 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:  

http://www.uscupstate.edu/ResearchJournal. 

 

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  
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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 the 
Center for Research and Scholarship Support. 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 D INGER 
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 Assistant 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 8TH, 2016 

12TH 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 12th Annual SC Upstate Research 

Symposium on April 8th, 2016. To learn more and review past programs see 

http://www.uscupstate.edu/symposium/default.aspx?id=12604. 

 
 
 

 
 
 
 

http://www.uscupstate.edu/symposium/default.aspx?id=12604
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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 (2015) 
 

Blair, Selena SSS - Opportunity Network 2015-20 (Grant-in-Aid) $32,275.00  

Blair, Selena SSS - Opportunity Network 2015-20 $249,235.00  

Damrel, David Mystical Sounds of Islam: Voices of Qawwal $2,000.00  

Davison, Frieda 
National Endowment for the Humanities Challenge 
Grant Income 

$13,581.00  

Gibb, Katharine Nursing Education and Research $1,948.00  

Herzberg, Tina 
South Carolina Arts Leadership for Success Academy 
Summer Arts Institute 2015 

$16,800.00  

Hightower, Mary AP Institute: Studio Art 2015 $16,425.00  

Johnson, Merri Bodies of Knowledge Symposium, Spring 2016 $10,000.00  

Johnson, Merri 
Black Lives Matter: Race Relations in the 21st 
Century 

$8,000.00  

McArthur, J Vaun & 
Pilgrim, Melissa 

National Science Foundation Radioecology Research 
Experiences for Undergraduates Site 2015-2017 

$308,000.00  

Merriweather, Helen ACHIEVE 2015-16 $341,196.00  

Omolo, Bernard 
Research Supplements to Promote Diversity - 
Individualizing Colon Cancer Therapy Using Hybrid 
RNA and DNA Mol. Signature 

$134,668.00  

Omolo, Bernard 
Burroughs Wellcome Fund Collaborative Research 
Travel Grant 2015 

$10,000.00  

Pae, Holly Project CREATE 2016 $75,212.00  

Parker, Jennifer Child Protection Training Center - Duke Endowment $123,000.00  

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

$448,488.00  

Williams, Phyllis Teacher Cadet Grant $2,284.00  

                                                                                                                     TOTAL $1,793,112 
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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 six USC Upstate alumni and student participants in a National 
Science Foundation Research Experiences for Undergraduates (REU) program at the Savannah 
River Ecology Laboratory.   

 
ALUMNI SPOTLIGHT: JESSICA BOSNJAK 

 

My name is Jessica Bosnjak. In May of 2015 I graduated from 
the University of South Carolina Upstate. During my time at Upstate, 
I had the pleasure of participating in research projects as well as 
student organizations. For example, during my junior year, I 
represented USC Upstate in the Ronald E. McNair Post 
Baccalaureate Research Program. I worked along with Dr. Andrew 
Beer and Dr. Kendra-Ogletree Cusaac. With the assistance of my 
mentors, I proposed a research idea to examine the relationship 
between perceived etiology of Anorexia Nervosa and stigma. I 
presented the idea at the Southeastern Association of Educational 
Opportunity Program Personnel conference. Following that 

semester, I continued to participate in research as an assistant to Dr. Beer in the Personality 
Assessment Lab. My role in the lab was to guide participants through the method of Dr. Beer’s 
study. I also had the chance to work as a teaching assistant for Dr. Beer. In addition, I was an 
active member of Psi Chi and the Distinction Program for psychology majors. I feel that all of 
these opportunities have not only led to my growth as a professional but also as a person. After 
graduating from Upstate, I enrolled in Lipscomb University’s Clinical Mental Health Counseling 
graduate program. I feel this program will best prepare me to follow the career path I wish to 
pursue. Currently, I am participating in a research project concerning multi-cultural issues in 
counseling. My research team and I wish to examine acculturation and self-discrepancy among 
immigrants. Through the use of computer avatars, participants will express both their real and 
ideal selves. We predict that the more discrepancy between the two, the more anxiety and identity 
issues the participants will experience. We expect this project to be published within the near 
future. I feel an overwhelming sense of gratitude for both USC Upstate and Lipscomb University; 
it is a pleasure to look back on what I have accomplished and to anticipate where I will go in the 
counseling field. In the future, I hope to work as a Licensed Professional Counselor and treat 
those afflicted with Anorexia Nervosa and related disorders. I also hope to continue my education 
and earn a Ph.D. in Clinical Psychology so that I may continue to act on my passion for research 
and therapy.  
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ALUMNI SPOTLIGHT: JARAD COCHRAN 
 

 Jarad Cochran, a native South Carolinian, enrolled at USC 

Upstate in the Fall of 2010. Originally an English major, he switched to 
Biology after taking Dr. Jon Storm’s Biology 101 course. He was not 
supposed to take the class, as it was for science majors, and was 
encouraged to change to the non-major Biology course. Stubborn as 
always, Jarad stuck with Biology 101 and, though having a few close calls, 
gained an appreciation for the scientific process. Discovering that he had 
a passion for science, Jarad pursued research opportunities at USC 
Upstate. 

Jarad’s research experiences began in 2013 working with Upstate Herpetology, an 
undergraduate research group managed by Dr. Melissa Pilgrim. As part of the group, Jarad 
conducted frog call surveys for the North American Amphibian Monitoring Program, used 
automated recording systems to monitor anuran breeding assemblages in the Piedmont region, 
and had a key role in management of long-term databases (i.e., data entry, summary, analysis 
and archiving). In the summer of 2015, he was selected to participate in the National Science 
Foundation’s Radioecology Research Experiences for Undergraduates (REU) program at the 
Savannah River Ecology Laboratory (SREL). As part of the REU program, Jarad worked with Drs. 
Pilgrim and Tuberville investigating the effects of contaminant exposure on metabolic rates of 
eastern mud turtles (Kinosternon subrubrum). Following completion of the program and 
graduation from USC Upstate in August of 2015, Jarad was offered a paid position by Dr. John 
Seaman at SREL. Jarad is currently working as a Research technician for the Seaman lab at the 
SREL. Though he likes working as a Research technician, Jarad enjoyed having his own research 
project during the REU. He plans to go to graduate school, and after completing graduate school 
begin to build and manage his own research lab.  

The experiences Jarad had as an undergraduate helped to prepare him for his career and 
further cemented his passion for the sciences. More importantly, the opportunities offered by USC 
Upstate made his future possible. Jarad came from a financially disadvantaged family, and the 
statistics say that it is unlikely for a person from a low income background to graduate. However, 
the scholarships, tutoring positions, and grants for research assistantships that USC Upstate 
offered helped Jarad to stay in college until graduating. Jarad is eternally grateful for the support 
and encouragement offered at USC Upstate. He would like to thank the faculty at USC Upstate 
for all of their help, and he would like to especially thank Dr. Melissa Pilgrim and her lab for all of 
the many things that they have done for both him and the school. 

 

 
  

ALUMNI SPOTLIGHT: ALEXSIS FERGUSON 

  

Alexsis Ferguson graduated Cum Laude from USC Upstate in 2009 

with a Bachelor of Science in Secondary Education with a Biology 
Emphasis. Upon completion of Dr. Pilgrim’s Ecology and Evolutionary 
Biology course, Alexsis became involved with her undergraduate research 
group, Upstate Herpetology, and gained an interest in ecological field work. 
Alexsis initially helped with a drift fence project evaluating the impact of 
habitat fragmentation on wildlife. Alexsis continued exploring her research 
interests through an independent study with Dr. Pilgrim focused on 
implementing the North American Amphibian Monitoring Program within 
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the Upstate region of South Carolina.  The results of her independent research project were 
presented at the 2009 Joint Meeting of Ichthyologists and Herpetologists and she presented to 
work at the 2009 SC Upstate Research Symposium (Alexsis won the award for best student 
poster at the event).  

Her research experiences coupled with continued education in teaching opened many 
professional opportunities as she continued her journey to Florida! Alexsis became a curriculum 
writer and teacher for the Orlando Science Center, where she continued to impart a passion for 
research in biological sciences to students of all ages and from all walks of life. She transitioned 
from her position as a curriculum writer to a teacher in the public school system of Seminole 
County, FL. Alexsis taught biology for 2 years and soon gained the opportunity to lead the science 
department of Lake Brantley High School for 3 years. She also acquired certification to teach 
gifted and talented students.  

Alexsis is currently working in Orange County Public Schools with students who need 
credit or grade recovery in life sciences within the entire county. She currently travels to work with 
at risk populations within Orange County and also works virtually with students taking a variety of 
science courses online.  She says, “The love of science can be communicated at all levels, you 
just need to have enthusiasm and a willingness t to share that love with others.”  The opportunities 
at USC Upstate allowed Alexsis to model the same enthusiasm and love for science that she 
experienced during her undergraduate years.  “I am so thankful for the opportunities and amazing 
education provided by USC Upstate that allow me to be the best teacher I can be to my students 
and to impart a standard of excellence and a love of science to my students!” 
 

 
 

ALUMNI SPOTLIGHT: BRANDON VAUGHAN 

 
At the beginning of my college career, I was a computer 

science major and German minor.  I intended to work for BMW as 
a programmer and technician. However, growing up I always had 
a strong passion for science. As I became dissatisfied with my 
major, I decided to pursue a career in experimental psychology. 
Human behavior and the central nervous system are among the 
most personal, if not the most personal, topics in modern science. 
Excitingly, new technologies are allowing a level of study 
heretofore never imagined. My own interests within the field are 
somewhat idiosyncratic and interdisciplinary. I came to psychology 
with a strong interest in traditional behaviorist approaches. As I 
learned more, however, I became interested in both cognitive interest and personality psychology. 
Working with Dr. Andrew Beer, I learned much about psychometric test construction, statistics, 
and approaches to personality psychology. Being also interested in cognitive neuroscience and 
neurobiology, I gravitated towards the tradition in personality research originating with Hans 
Eysenck. The biological approach to personality psychology was carried forth by his student 
Jeffrey Alan Gray, and is currently spearheaded by Marvin Zuckerman, Phillip Corr, and Colin 
DeYoung. The goal of the biological approach to personality psychology is to understand which 
neural systems underlie differences in personality traits, and furthermore, what differs in the 
function of these systems to cause the long term patterns of behavior, cognition, and emotion that 
differ among individuals. This is not of mere theoretical interest to the cognitive neuroscientist or 
personality psychologist, but in fact has important applications for psychiatric and neurological 
medicine. By understanding the neural mechanisms behind trait differences that predict or are 
associated with certain pathologies, more targeted medications can be developed. Likewise, it 
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will help better understand predispositions and pathological mechanisms underlying drug 
addictions and alcoholism to possibly assist in early intervention or more effective treatments.  

As of the time of this writing in October 2015, I am working in the lab of Dr. Jane Joseph 
at the Medical University of South Carolina in collaboration with Dr. Moran Santa-Maria. We are 
investigating the effects of oxytocin on resting state fMRI in men and women with post-traumatic 
stress syndrome relative to resting state fMRI in men and women without PTSD.  We hope to 
ascertain both differences between how oxytocin affects individuals with PTSD as compared to 
without, as well as to investigate possible gender differences between PTSD patients after 
oxytocin administration.  

My future goals are numerous. Perhaps most importantly, continuing my work on 
individual differences from a neurobiological and cognitive neuroscience approach is among 
them. I wish to integrate findings from disparate areas of psychology and neuroscience into a 
more cohesive whole, given the disparate methods and general theoretical orientations that exist 
between the different disciplines within the behavioral and neural sciences. Consequently, among 
the topics that I hope to investigate include epigenetics as it relates to brain function, genomics, 
and further applications of graph theory analysis to fMRI data. I also wish to study the role of the 
hippocampus in various cognitive roles. Typically associated with memory, the hippocampus is 
also involved in many other cognitive and emotional functions including auditory processing, 
conflict resolution when there are conflicting goals as in an approach-approach or approach-
avoidance conflict, spatial navigation, and likely more. Understanding how the hippocampus 
contributes to all of these processes is of interest as the hippocampus has been implicated in 
some approaches to “personality neuroscience” as being involved in anxiety, and differences in 
hippocampal function contributing to how vulnerable an individual is to anxiety (see The 
Neuropsychology of Anxiety, 2nd Edition, Gray & McNaughton, 2000). I also hope to be accepted 
into the PhD program, as I am currently a master’s student. After I eventually complete my PhD, 
I wish to continue with post-doctoral research. I also am interested in teaching classes and training 
graduate students of my own in the future. I hope that by contributing to our understanding of 
what makes us unique as individuals, clinicians will be able to provide better patient care and 
preventative care to individuals vulnerable or already afflicted by issues such as post-traumatic 
stress, anxiety disorders, or drug addiction. I also wish to pass on my knowledge and skills so 
that future generations may continue to make important contributions to science and medicine. 
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2015 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.uga.edu/education/REU/). 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. The pages that follow provide biographical information about 
each participant and abstracts of their research projects. 

 

2015 PARTICIPANTS 

 
 
 
 
 
 
 
 
 
 
 
 
 

http://srel.uga.edu/education/REU/
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2015 NSF REU SPOTLIGHT: SHAINA CARRINGTON 
 

Shaina Carrington is working on a Bachelor’s degree 

at Virginia Tech, where she is majoring in Wildlife Conservation. 
Shaina was introduced to research in her Forest Ecology and Silvics 
class at Virginia Tech, where the class worked to develop a 
restoration plan to save a karst landscape that suffering from 
invasive species and erosion. She worked as a REU intern for David 
Scott and Stacey Lance studying how mercury accumulation and 
wetland hydroperiods interact to affect amphibian disease 
prevalence/ecology. After Shaina graduates in 2016, she plans on 
working a few seasonal jobs before going to graduate school to 
study diseases in amphibians and reptiles. In her spare time, she 
likes hiking, reading books, interacting with wildlife, and being 
outdoors. 
 

Presence of Ranavirus and Chytrid Fungus in Lithobates 
sphenocephalus in Long and Short Hydroperiod Wetlands 

 

Shaina Carrington1,2, David Scott1, Megan Winzeler1, Austin Coleman1, Carlos Tapia1,3, and 
Stacey Lance1 

 
1 = Savannah River Ecology Laboratory; Aiken, SC 

2 = Virginia Polytechnic Institute and State University; Blacksburg, VA 
3 = University of Central Florida; Orlando, FL 

 

 
 

ABSTRACT. Batrachochytrium dendrobatidis (the chytrid fungus or Bd) and Ranavirus are two pathogens 

linked to global amphibian declines. The chytrid fungus has been detected in 56 countries and associated 
with dramatic population declines worldwide. Ranaviruses have been linked to mass mortality events on 
5 continents. The two diseases affect amphibians differently. Chytrid disrupts osmoregulation, causing 
toxin release, resulting in death in amphibians. Ranavirus culminates in organ necrosis, causing massive 
hemorrhaging and death in amphibians, reptiles, and fish. Chytrid has been present on the SRS at low 
prevalence since the 1970s, but recent studies document that the prevalence has increased, especially 
in contaminated wetlands. Ranavirus, previously unknown on the SRS, was recently detected and found 
to be four times more prevalent than chytrid. Interestingly, both pathogens appeared more prevalent in 
longer hydroperiod wetlands, but data are confounded by all contaminated wetlands also having long 
hydroperiods. Thus, the goal of this study was to further examine role of hydroperiod on disease 
prevalence on the SRS. The objectives of this study were to determine: (1) the current prevalence of 
chytrid fungus and ranavirus in southern leopard frogs (Lithobates sphenocephalus), (2) the prevalence 
of chytrid fungus and ranavirus in long and short hydroperiod wetlands, and (3) whether disease loads 
differ among individuals from long and short hydroperiod wetlands. We caught individuals using both dip-
netting and minnow trap arrays at 25 wetlands (short=11, long=14) from March to May 2015. We collected 
280 samples, extracted their DNA and tested them for both chytrid and ranavirus using quantitative PCR. 
Surprisingly, no positives were detected for either disease. These results emphasize the need to do long-
term studies to examine the patterns in disease prevalence over time, especially since seasonal changes 
in temperature affect both pathogens.  
 
 

 

 

 

 



 

 

USC Upstate Student Research Journal    Page | xi i i  
 

2015 NSF REU SPOTLIGHT: JARAD COCHRAN 
 

Jarad Cochran was a senior biology major at the University 

of South Carolina Upstate. His research experiences began in 2013 
working with Upstate Herpetology, an undergraduate research group 
managed by Dr. Melissa Pilgrim. As part of the group, Jarad conducted 
frog call surveys for the North American Amphibian Monitoring Program, 
used automated recording systems to monitor anuran breeding 
assemblages in the Piedmont region, and had a key role in management 
of long-term databases (i.e., data entry, summary, analysis and archiving). 
As part of the REU program, Jarad worked with Drs. Pilgrim and Tuberville to investigate the 
effects of contaminant exposure on metabolic rates of the eastern mud turtle (Kinosternon 
subrubrum). Following graduation, Jarad hopes to pursue a doctorate in Immunology.  
 

Influence of Coal Ash Contamination of Metabolic Rates of 
Eastern Mud Turtles 

 

Jarad P. Cochran1,2, Naya Eady1,3, Melissa A. Pilgrim1,2, Tracey D. Tuberville1, and David 
Haskins1 

 
1 = Savannah River Ecology Laboratory; Aiken, SC 

2 = University of South Carolina Upstate; Spartanburg, SC 
3 = Trinity Washington University; Washington, DC 

 

 
 
 
 
 

ABSTRACT. Coal combustion is a primary energy source in the USA. On the Savannah River Site (SRS), 

coal combustion facilities have historically provided power for site operations. The waste product of coal 
combustion, coal ash, contains toxic trace elements (e.g., mercury, selenium, arsenic, and lead) that can 
negatively impact animal physiology (e.g., lower immune responses, reduce growth, and/or alter 
metabolic rates). Coal ash was disposed of in constructed wetlands on the SRS. Many animals use 
constructed wetlands as habitat and can be exposed to coal ash contamination, potentially affecting their 
physiology. Thus, the objective of our study was to evaluate whether the metabolic rates of eastern mud 
turtles (Kinosternon subrubrum) inhabiting ash contaminated sites differed from the metabolic rates of K. 
subrubrum inhabiting uncontaminated sites. We used baited aquatic traps to capture mud turtles from 
reference and contaminated sites. We used flow through respirometry (i.e., Sable field metabolic system) 
to determine metabolic rates at three temperatures (25, 30, and 35º C) in 23 turtles, 10 from reference 
sites and 13 from contaminated sites. Our results indicated that turtles from contaminated sites expressed 
lower metabolic rates than turtles from reference sites. However, reference turtles were also larger than 
turtles from contaminated areas, and size is known to influence metabolic rates of organisms. After 
controlling for body size, only the metabolic rates at 35 ºC were different between contaminated and 
uncontaminated sites, although the difference was not significant. Since the degree of contamination is 
also known to affect metabolic rates, our next step will be to quantify the body burdens of captured mud 
turtles. 
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2015 NSF REU SPOTLIGHT: EMILY DORWARD 
 

Emily Dorward is a rising senior at Hofstra University 

pursuing a B.S. in geology. Emily’s previous research experience includes 
projects evaluating the grain size distribution in overwash lobes deposited 
by Hurricane Sandy and pigmentation in Mesozoic oysters. While a 
geology background may seem out of place at SREL, she also has strong 
interests in hydrology, chemistry, mathematics, and computer science. 
Emily enjoyed gaining experience in these fields over the course of the 
summer REU program. She worked with Dr. John Seaman investigating 
the use of zerovalent iron as a filter for groundwater contaminants, 
especially uranium and nitrates. When not hidden away in a laboratory, 
Emily enjoys receiving moderate sun exposure in the forms of hiking, 
beachcombing, and fossil and mineral collecting. She is also fond of 
curling up indoors with a good book. 

 

Zero Valent Iron as a Filter for Water Contaminated with 
Uranium and Nitrate 

 

Emily Dorward1,2, Brian Croft1, and John Seaman1 

 
1 = Savannah River Ecology Laboratory; Aiken, SC 

2 = Hofstra University; Long Island, NY 

 

 
 
 
 
 

ABSTRACT. The groundwater in Modesto, CA has concerning levels of multiple contaminants, including 

uranium (U) and nitrate (NO3
-). Although no measured levels exceed EPA Drinking Water Standards, 

several approach the threshold of legal and/or health consequences, and thus their remediation is 
desirable. Zero valent iron (ZVI) is a promising filtration material, and it has been shown to chemically 
reduce both U(VI) and NO3

- in separate trials. However, no single-step filtration has been conducted on 
contaminated water with high levels of both. The purpose of this study was to assess the effectiveness 
of powdered ZVI as a filter for U and NO3

- in water. Three different ZVI powder formulations were tested, 
each with particle size 0.15 - 0.85 mm. All powders contained manganese impurities, with one also 
containing iron oxides and another including a small percentage of copper. An artificial surrogate based 
on groundwater monitoring data was used to test the effectiveness of the ZVI materials. The groundwater 
surrogate contained 100 ppb U, 100 ppb rhenium (Re) as a surrogate for Technitium-99 (99Tc), and 89 
ppm NO3

-. In batch equilibration tests 200 mL of groundwater was reacted with 5 gm of each ZVI powder, 
with separate trials in oxic and anoxic environments. Results showed significant decrease across all 
contaminants for all formulations and environments over the seven day equilibration, with one of the ZVI 
materials performing significantly better than the other two. U and NO3

- concentrations reached as low 
as less than 0.01 ppb and 4.4 ppm, respectively. Re concentrations reached less than 0.1 ppb. The 
results indicate that ZVI is a promising material for single-step treatment of multiple contaminants. Future 
work includes analysis of the used ZVI and assessing the ammonia content of filtered samples. 
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2015 NSF REU SPOTLIGHT: NAYA EADY 
 

Naya Alexandra Eady grew up in Washington, DC. 

She is a rising senior at Trinity Washington University. At Trinity, 
Naya works with Dr. Karobi Moitra investigating unknown genes. 
She will graduate with a B.S. in Biology spring of 2016. After 
graduation, she hopes to continue her educational journey and 
acquire a DVM/PHD in exotics. She aspires to use her degree to 
make significant contributions to zoological research and medicine. 
As part of the REU, Naya worked with Dr. Tracey Tuberville's 
Herpetology Lab studying the effects of contaminants on immune 
response in mud turtles. 

 
 

Impact of Coal Ash Exposure on Eastern Mud Turtle Immune 
Response 

 

Naya A. Eady1, 2, Jarad P. Cochran1, 3, Tracey D. Tuberville1, Melissa A. Pilgrim1, 3, and Matthew 
T. Hamilton1 

 

1 = Savannah River Ecology Laboratory; Aiken, SC 
2 = Trinity Washington University; Washington, DC 

3 = University of South Carolina Upstate; Spartanburg, SC 
 

 
 
 
 

ABSTRACT. Coal-fired facilities operated on the Savannah River Site from 1951 to 2012. Byproducts of 

combusted coal fuel were either sent to aquatic settling basins or to storage pits on land.  Coal 
combustion waste (coal ash) from the SRS D-Area coal facility was channeled into settling basins, which 
are used as habitats by a variety of organisms. As a result, organisms inhabiting the basins are exposed 
to coal ash and its contents. Very little information is known about how reptiles are impacted by coal ash 
exposure. However, recent studies suggest that reptiles are sub-lethally affected by coal combustion 
byproducts. To date, no research has been conducted on the Eastern Mud Turtles, Kinosternon 
subrubrum. The main objective of our study was to examine the impact of coal ash exposure on the 
immune response of Eastern Mud Turtles. We also observed the role of size in innate immune response 
and compared innate immune strength of the Eastern Mud Turtle with the Yellow Bellied Slider, 
Trachemys scripta. We baited aquatic hoop net and promar traps to capture mud turtles and collected 
plasma samples for immune assays. We used the bacterial killing assay (BKA) to evaluate the strength 
of the innate immune response of turtles captured in contaminated relative to uncontaminated reference 
sites. BKA results revealed that site history did not influence the innate immune response of Eastern Mud 
Turtles. Eastern Mud Turtles from ash and reference sites displayed an average bacterial killing efficiency 
of 98%. A positive correlation between larger size and killing ability was displayed by Mud Turtles. 
Bacterial killing ability of Eastern Mud Turtles appeared to be more effective than Yellow Bellied Sliders. 
Further investigation, including obtaining larger samples sizes over a broader range of size classes, is 
required. 
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2015 NSF REU SPOTLIGHT: NATHANIEL FOX 
 

Nathaniel (Nat) Fox, a Pittsburgh native, is currently a 

Biochemistry major at Kenyon College. At his home institution, Nat 
investigates the chemical synthesis of insect signaling molecules. As part of 
the REU program, Nat worked with Dr. J. Vaun McArthur to investigate the 
incidence of antibiotic resistance in bacteria exposed to radiation in 137Cs 
contaminated areas. In addition to studying microbiology and chemistry, Nat 
enjoys running and music production. After graduation in 2016, Nat plans to 
attend medical school and study Interventional Radiology. 
 
 
 
 

Investigating the Incidence of Antibiotic and Radioactive 
Resistance in Biofilm Bacteria 

 

Nathaniel Z. Fox1,2, Demarcus Rainey1,3, Courtney Burckhalter1 & J. Vaun McArthur1 

 

1 = Savannah River Ecology Laboratory; Aiken, SC 
2 = Kenyon College; Gambier, Ohio 

3 = South Carolina State University; Orangeburg, SC 
 

 
 
 
 
 
 
 

ABSTRACT. The rise of antibiotic resistant pathogens is a rapidly growing global health issue. In the 

United States alone, the Centers for Disease Control estimates over 2 million infections and 23,000 
deaths are directly attributable to antibiotic resistant bacteria. It is well known that overprescribing and 
misusing antibiotics are main driving forces behind the alarming development of these resistant 
pathogens. However, it has also been shown that extensive exposure to heavy metals, such as mercury 
and nickel, also confers antibiotic resistance in bacteria, even without prior exposure to antimicrobial 
compounds. With this in mind, we sought to describe the relationship between environmental radioactive 
contamination and antibiotic resistance in the freshwater bacterial biofilm communities located on the 
Savannah River Site. We used biofilm habitats placed in five freshwater ponds with varying levels of 
radioactive 137Cs to grow communities of bacteria. We then collected a total of 40 biofilm samples among 
the five sites, isolated ten pure colonies from each sample, and screened each isolate against a suite of 
five different antibiotics. The results of these screens revealed that antibiotic resistance trends upward 
as local radio-cesium content increases. However, these results are not significant enough as a whole to 
make any definitive claims as of yet. Indeed, work is ongoing to do a more thorough antibiotic resistance 
analysis using 23 different antibiotics in 26 unique combinations, which we hope will describe the 
relationship more concretely. 
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2015 NSF REU SPOTLIGHT: JOSH KING 
 

Josh King is from Aiken, SC and attended high 

school about 20 minutes from the Savannah River Site. He has an 
Associate’s degree in Engineering Graphics from Aiken Technical 
College and is currently a senior at the University of South Carolina 
Aiken (USCA) majoring in Biology with a concentration in 
environmental remediation and restoration. At USCA Josh works 
with Dr. Michele Harmon on a project using the invertebrate 
indicator organisms Daphnia ambigua and Ceriodaphnia dubia to 
investigate the effectiveness of remediation techniques aimed at 
decreasing the bioavailability of Copper in aquatic systems. As part 
of the REU program, Josh worked with Robert Kennamer 
investigating waterfowl radiocesium uptake. In his spare time, Josh runs his own die-cut sticker 
shop with his twin brother Jeremy. Josh enjoys being on the water whenever possible. Surfing, 
fishing and skiing with friends are his favorite things to do during the summer months. After 
completing his Bachelor’s degree, Josh is interested in pursuing an M.S. in Environmental 
Engineering at Clemson University. 
 

Radiocesium (Cs-137) Uptake in Ring-Necked Ducks Using 
Pond B on the SRS 

 

Joshua D. King1,2, Ricki E. Oldenkamp1,3, Robert A. Kennamer1 ,Albert L. Bryan Jr. 1, James C. 
Beasley1,3 

 
1 = Savannah River Ecology Laboratory; Aiken, SC 

2 = University of South Carolina Aiken; Aiken, SC 
3 = D.B. Warnell School of Forestry & Natural Resources, University of Georgia; Athens, GA  
 

ABSTRACT. Radiocesium (Cs-137) is a long-lived (30-yr physical half-life) gamma-emitting radioisotope 

contaminating former reactor-cooling reservoirs on the US Dept. of Energy’s Savannah River Site (SRS) 
in South Carolina. These SRS reservoirs are a winter destination for 20+ species of highly mobile, 
migratory waterfowl. Little is known of actual residence times spent in aquatic habitats of the SRS. 
Following departure from the SRS however, the accumulated Cs-137 within tissues may be consumed 
by sport-hunters who harvest the waterfowl vast distances away. Researchers hypothesized that G.I. 
content/Muscle Cs-137 ratios in waterfowl relate to residence times and also provide evidence of when 
an equilibrium state has been achieved. Knowledge of residence time may eventually contribute to 
improved estimates of human consumption risks for Cs-137 in game meat based on European Economic 
Community (EEC) fresh meat limits. Free-ranging Ring-necked ducks (Aythya collaris; N=56) were 
trapped from a relatively uncontaminated reservoir, rendered flightless, and re-located onto Cs-137 
contaminated Pond B. The subsequent collection period ranged from 32-84 days post-release, and 36 
ducks were recovered. Results showed that ducks restricted to Pond B (muscle Cs-137 mean: 2.23±0.20, 
range: 0.28-4.55 Bq/g; wet mass) were far more likely to exceed EEC consumption limitation of 0.6 Bq/g 
than their free-ranging counterparts, likely indicating that free-ranging migrant ducks typically choose to 
spend relatively little time on Pond B. Over time the relationship of G.I. content/Muscle Cs-137 ratio and 
residence time showed that muscle levels increased up until a steady state (75-84 days) indicating an 
equilibrium state with the environment. Future modeling of G.I. content/Muscle Cs-137 ratios for ducks 
restricted to Pond B for known residence times may be useful in: (1) estimation of exposure times for 
free-ranging birds using Pond B, and (2) providing insight into human risk potential from a worsening 
scenario of free-ranging waterfowl choosing to spend more time on the contaminated reservoir. 
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2015 NSF REU SPOTLIGHT: ALEXIS KOROTASZ 
 

Alexis Korotasz is a military child and the oldest of five 

children. While living in Hawaii, she discovered her passion for marine 
biology, and is currently pursuing a Bachelor of Science degree in 
Aquatic and Marine Biology at Stetson University. At Stetson, Alexis 
participates in a stable isotope project with Dr. Work, Dr. Gibbs, and 
other student collaborators. The project is focused on developing an 
understanding of the Blue Spring’s food web and how that web is 
impacted by adjacent ecosystems, including the St. John’s River and 
the surrounding terrestrial environment. As part of the REU, Alexis 
worked with Larry Bryan on a project investigating the uptake of 
radiocesium in Ranid frogs on the Savannah River Site. In her free 
time Alexis enjoys running, scuba diving, and watching bad TV shows 
on Netflix. 

 

Comparison of 137Cs Accumulation in Larval and Adult Ranid 
Species on the Savannah River Site 

 

Alexis Korotasz1, 2, Chris Leaphart1, 3, Albert L. Bryan Jr.1 

 
1 = Savannah River Ecology Laboratory; Aiken, SC 

2 = Stetson University; Deland, FL 
3 = University of Georgia; Athens, GA 

 

 
 
 

ABSTRACT. Radiocesium (137Cs) is a contaminant found on the Savannah River Site (SRS) resulting 

from a history of nuclear defense production activities. It is metabolically similar to potassium (K), and 
thus has high bioavailability and is able to enter aquatic food webs through aquatic vegetation. Many 
studies have been conducted on the SRS investigating 137Cs accumulation with various game species 
because of the implications for human health risks, showing that bioaccumulation of 137Cs has occurred 
and that biomagnification possibly can occur in game and fish species. However, little research 
investigating the accumulation of 137Cs by other wildlife, especially amphibians. Amphibians may provide 
useful information regarding 137Cs bioaccumulation within a system as they link aquatic and terrestrial 
environments and act as both predator and prey. Our study objectives were to compare (1)  137Cs 
accumulation in Ranid larvae and adults among sites (R Canal, Pond A, Pond 2) with varying 
contamination in order to determine whether biomagnification occurs in the different life stages and (2) 
137Cs levels among Ranid species (R. catesbeiana, R. clamitans, and R. sphenocephala) with potentially 
varying diets from R Canal. We sampled soil from each study site to determine current baseline levels of 
137Cs. We placed biofilm plates at each study site to collect larvae diet (i.e., represent producers/algae) 
and collected a total of 81 frog samples (36 larvae and 45 adults). We quantified 137Cs levels in soils, 
biofilms and frogs using gamma spectroscopy.  Our data indicated (1) a difference in accumulation 
among sites, (2) accumulation of 137Cs at all levels (sediment through adult frogs), but (3) did not indicate 
biomagnification of 137Cs. However, R. catesbeiana had significantly higher Cs levels compared to R. 
clamitans and R. sphenocephala (p<0.0019), possibly due to its primarily aquatic diet. 
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2015 NSF REU SPOTLIGHT: LAUREN LAATSCH 
 

Lauren Laatsch is pursuing a Bachelor of Science in 

Forest Resources with a major in Wildlife Sciences from the Warnell 
School of Forestry and Natural Resources at the University of Georgia. 
She is from Wisconsin and spent two years at the University of 
Michigan, where she took a conservation biology class that inspired her 
to study wildlife, which led to her transfer to UGA. While at Michigan, 
she worked on an ecological restoration project that aimed to improve 
recreational opportunities and ecosystem health at several areas along 
the Lake Michigan shoreline through collaboration with local 
governments and community members. During the summer of 2015, 
she was an REU intern studying scavenging ecology in Dr. Beasley’s 
lab. Her projects focused on how the fates of nestling carcasses differ 
with carcass size and location (on the ground vs. in the nest) and the fates of vulture carcasses. 
In her free time, she enjoys horseback riding, hiking, kayaking, and cooking.  
 

What Scavenges the Ultimate Scavenger? 
The Fate of Black Vulture Carcasses on the Savannah River 

Site 
 

Lauren Laatsch1,2, Joshua B. Smith1, James C. Beasley1,2 
 

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

 

 
 
 
 

ABSTRACT. Scavenging is a taxonomically widespread and efficient foraging strategy, yet scavenging 

ecology is a relatively unstudied field. In particular, few data are available on the potential trophic transfer 
of contaminants through the processes of scavenging and decomposition. Obligate scavengers (i.e. 
vultures) feed at the highest trophic level and thus are particularly vulnerable to contaminant exposure 
due to biomagnification of contaminants within food webs. Because vultures can carry a high contaminant 
load, it is important to determine the fate of vulture carcasses as they represent a potential pathway for 
contaminants to travel through ecosystems. The objectives of our study, therefore, were to determine (i) 
radiocesium levels in vulture carcasses, (ii) the proportion of vulture carcasses consumed by vertebrates 
and (iii) the composition of vertebrate species that scavenge black vulture carcasses. Prior to placement 
in the field, we used a gamma detector inside a lead chamber to determine radiocesium levels in 31 
vulture carcasses, which ranged from below background to 5.01 Bg/kg. To determine the carcass fates, 
we placed vulture carcasses in forested (n=16) and clear cut (n=15) habitats on the Savannah River Site 
and monitored them for two weeks using Reconyx HyperFire no-glow infrared trail cameras. To date, 12 
out of 23 (52.2% carcasses were scavenged by vertebrates, of which Virginia opossums, turkey vultures, 
and coyotes were the dominant scavengers. Complete results and implications of our study will be 
discussed. 
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2015 NSF REU SPOTLIGHT: MARILYN MASON 
 

Marilyn Mason is a resident of Aiken, South Carolina. She 

holds an Associate in Science and an Associate in Arts from Aiken 
Technical College. She is pursuing a Bachelor’s degree at the University 
of South Carolina Aiken, where she is majoring in biology and minoring 
in chemistry. As part of the REU she worked with Dr. Virginia Shervette 
investigating mercury bioaccumulation in Lepisosteus osseus (longnose 
gar). Following graduation, Marilyn plans to further her education by 
pursuing graduate studies. She has a life-long love of animals, and her 
hobbies include reading, writing, and rescuing snakes from the road. 

 

Mercury Bioaccumulation in Longnose Gar  
(Lepisosteus osseus):  

A Preliminary Population Survey 
 

Marilyn W. Mason1,2 and Virginia R. Shervette2 

 
1 = Savannah River Ecology Laboratory; Aiken, SC  

2 = University of South Carolina Aiken; Aiken, SC 
 

 

 
 
 
 

ABSTRACT. Mercury is one of the most widely spread environmental contaminants. Increased 

atmospheric dispersion and deposition of mercury make it nearly ubiquitous in aquatic ecosystems, 
where it is converted into methylmercury – a more toxic and bioavailable form. Mercury biomagnifies in 
the food web and predatory fish tend to bioaccumulate mercury in their muscle tissues. Many species of 
fish show a positive correlation between length and muscle mercury concentration. Longnose gar 
(Lepisosteus osseus) are long-lived, apex predatory fish. They are euryhaline and can be found in quiet 
waters, ranging from fresh to brackish habitats. A study of the mercury bioaccumulation patterns in two 
estuarine populations found that those longnose gar did not exhibit the typical pattern of a positive 
association between length and muscle mercury concentrations found in many species of fishes. The 
objective of the current study was to conduct a survey of a population of longnose gar from the Edisto 
River estuary and to collect samples for future mercury analysis, evaluating whether the pattern seen in 
estuarine populations holds for Edisto estuary gar. DNR provided a sample of eight female and seven 
male longnose gar from the estuary. They were measured, sexed, and muscle tissue samples were 
collected. Fish were aged using sectioned sagittal otoliths. The fish sample had a mean standard length 
of 592 mm (+/- 97.6) and an average age of 7 years (+/- 4.5). There was a positive relationship between 
age and standard length (male r2 = 0.35, female r2 = 0.67). Females attained a larger size at age than 
males. Additional work, including a larger sample size, is necessary to form a meaningful comparison 
among the populations. Future work will include collecting more specimens from the Edisto population, 
collecting specimens from exclusively freshwater populations, and analyzing tissue samples for mercury 
concentration. 
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2015 NSF REU SPOTLIGHT: DEMARCUS RAINEY 
 

Demarcus Rainey is from Aiken, South Carolina. He 

graduated from South Carolina State University in 2015 with a 
Bachelor of Science degree in Civil Engineering Technology. He was 
an intern with the Savannah River Ecology Lab (SREL) and the 
Savannah River Site Environmental Field Station (SRSEFS). As part 
of his internship, Demarcus worked closely with Dr. J Vaun McArthur 
investigating levels of antibiotic resistance in bacteria from 
contaminated and uncontaminated ponds on site. Following his 
internship, Demarcus hopes to work on site as a Civil Engineer and 
eventually go to University of Florida for graduate school.  
 
 

Effect of Environmental Radiation on the Incidence of 
Antibiotic Resistance in Bacteria Isolated from Frogs 

 

Demarcus Rainey1,2, Nathaniel Fox1,3, Courtney Burckhalter1, and  J Vaun McArthur1 

 
1 = Savannah River Ecology Laboratory; Aiken, SC  

2 = South Carolina State University; Orangeburg, SC 
3 = Kenyon College; Gambier, OH 

 

 
 
 
 
 

ABSTRACT. Antibiotic resistance has been called one of the world’s most pressing public health 

problems. Antibiotic resistance is the ability of microbes to resist the effects of antimicrobial drugs. Every 
time a person takes antibiotics, sensitive bacteria are killed, but resistant ones may be left to grow and 
multiply. Resistant bacteria are frequently found in settings where antibiotics are repeatedly used such 
as communities, food and animal production, and healthcare settings. Previous work in our laboratory 
has determined a link between the concentration of heavy metals from industrial activities and levels of 
antibiotic resistance in estuaries and freshwater environments. The objective of this study was to 
determine if bacteria isolated from the surface of frogs exposed to radionuclides have higher levels of 
antibiotic resistance than frogs from uncontaminated locations. Twenty four frogs (bull frogs – Rana 
catesbeiana and green frogs –Lithobates clamitans) were captured from low and high contaminated 
ponds on the Savannah River Site. Bacteria where then swabbed off the backs of the frogs and spread 
on nutrient broth plates from which up to eight colonies were isolated. These colonies were purified, 
placed in liquid culture and subsequently screened against five different types of antibiotics using replica 
plating techniques. Over 200 isolates were screened.  Resistant patterns towards the five antibiotics were 
individually unique.  Bacteria from green frog samples have higher resistance than bull frog samples for 
the Chloramphenicol, Imipenem, and Streptomycin antibiotics. Resistance to Ceftazidine was the only 
one to demonstrate a pattern of increasing resistance with increasing levels of environmental radiation 
exposure.  Sixty isolates were randomly selected from the 200 to be screened against 23 antibiotics in 
26 different combinations. 
 
 
 
 

 

 

 

 



 

  

Page | xxi i     Volume VI II ,  Fal l  2015 
 

2015 NSF REU SPOTLIGHT: MORGAN REED 
 

Morgan Reed is working on a B.S. in Wildlife and Fisheries 

Biology at Clemson University. She is one of several students 
investigating freshwater stream ecology under the direction of Dr. 
Kanno at Clemson. As part of the REU, Morgan worked with Dr. 
Rhodes and Dr. Unger on a largemouth bass population and 
movement study. In addition, she helped rear and maintain Medaka 
for use in future studies investigating radionuclide uptake and chronic 
low dose effects of radiation on wildlife. She hopes to attend graduate 
school after graduating from Clemson. Her major research interests 
are in whole system ecology, fisheries biology, and ephemeral wetland 

nutrient cycling. In her spare time she enjoys recreational fishing, hunting, and 'herping'.  
 
 

Evaluation of Population Size and Movement Behavior of 
Largemouth Bass in Par Pond Reservoir 

 

Morgan E. Reed2, Melissa F. Thompson3, & Olin E. Rhodes, Jr.1 
 

1 = Savannah River Ecology Laboratory; Aiken, SC  

2 = Clemson University; Clemson, SC 
3 = University of South Carolina Upstate; Spartanburg, SC 

 

 
 
 
 

ABSTRACT. Contamination of aquatic environments and their inhabitants is of great concern worldwide 

due to the role of water as a coolant in nuclear power plants. Research concerning the effects of radiation 
on fish in the United States dates back to 1930. Par Pond is a 2,640 acre cooling reservoir that served 
as source of water for P and R reactors from 1958 to 1988 on the Savannah River Site in Aiken, South 
Carolina. Cesium contamination of the reservoir occurred throughout this time, with the highest levels 
leaking from R reactor in1965. Largemouth bass, Micropterus salmoides, have been a species of 
research focus in Par Pond since the early 1970’s. However, no estimate on population size or 
contaminant loads has been conducted on the largemouth bass in Par Pond since 1991. The purpose of 
our study is to estimate population size and assess movement behaviors of Micropterus salmoides in Par 
Pond in order to develop baseline data for future radionuclide and heavy metal investigations of bass in 
this reservoir. Short term objectives include fish marking and attempted recapture. By angling, 
largemouth bass were marked in July 2015. Fish were marked with PIT tags embedded in Hallprint® 
plastic tipped dart tags. Length, weight, sex, GPS location, and a categorical assessment of body 
condition were record for each fish. Fish were released within the original capture inlet after data 
collection. Results show a 3:2 male to female sex ratio among marked individuals (N=133) with an 
average length of 416.07 mm (SD=23.11) and an average weight of 886.32 g (SD=125.38). Of marked 
individuals, 1 was recaptured and 12.78% were categorized as being of poor body condition. We expect 
that largemouth bass are well established throughout the reservoir. However, work is ongoing to mark a 
total of 3,000 largemouth bass by the spring 2016.  
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2015 NSF REU SPOTLIGHT: CARLOS TAPIA 
 

Carlos Tapia is a rising sophomore studying Biomedical 

Sciences (Pre-Med) at the University of Central Florida in Orlando, Florida. 
I was born and raised in Hoboken, New Jersey next to the city that never 
sleeps, New York City. I love animals and I wish to see another aspect of 
Biology aside from medical perspectives, which is why I applied for an REU 
position at SREL. For my REU project, I worked with Stacey Lance’s lab in 
researching the effects of mercury on the immune systems of amphibians 
inhabiting long and short hydroperiod wetlands. Outside of science, my 
favorite things to do are playing the piano, composing music, learning new 
recipes to cook, and more. 
 

The Effect of Wetland Hydroperiod and Feeding Ecology on 
Amphibian Mercury Concentrations 

 

Carlos Tapia1,2, David Scott1, Megan Winzeler1, Austin Coleman1, Paul Walkup1, Stacey Lance1 
 

1 = Savannah River Ecology Laboratory; Aiken, SC  
2 = University of Central Florida; Orlando, FL 

 
 

 
 
 
 
 

ABSTRACT. Mercury (Hg) is an element naturally found in many environments and is known for its 

neurotoxic effects on organisms that bioaccumulate elevated levels. Previous studies on fish have shown 
that 1) top predators accumulated more Hg than did fish at lower trophic levels, and 2) fish in shorter 
hydroperiod wetlands accumulated more Hg than did fish in longer hydroperiod wetlands. Few studies 
have examined Hg biomagnification patterns across trophic levels, or the effects of hydroperiod on Hg 
bioaccumulation, in amphibians. Our objective was to determine the effect of wetland hydroperiod and 
trophic position on Hg levels in larvae of three amphibian species: mole salamanders (Ambystoma 
talpoideum), marbled salamanders (A. opacum), and leopard frogs (Lithobates sphenocephalus). We 
collected amphibian larvae from 25 wetlands on the Savannah River Site across a range of hydroperiods. 
We freeze dried and homogenized samples, then used a Hg analyzer to measure whole-body Hg 
concentrations.  Mole salamander larvae were only found in long hydroperiod wetlands, but we captured 
both small young-of-the-year larvae and larger, older paedomorphic larvae. The paeodomorphic larvae, 
which feed at a higher trophic level, had more Hg than the younger larvae. Although carnivorous 
salamander larvae are at a higher trophic level than herbivorous frog tadpoles, we found that leopard 
frogs had significantly higher levels of Hg than salamanders. Both frogs and salamanders in shorter 
hydroperiod wetlands accumulated more Hg than their counterparts in longer hydroperiod wetlands. From 
this study it appears that amphibians inhabiting shorter hydroperiod wetlands may be at a higher risk of 
experiencing the toxic effects of Hg. In addition, herbivorous tadpoles that graze near the wetland 
sediments may accumulate more Hg than salamander larvae feeding at higher trophic levels, indicating 
that feeding ecology as well as trophic position may influence Hg uptake.  
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1. Introduction 
 

Aquatic systems are integral to ecosystem function and human health. Aquatic systems often 
harbor high species richness and benefit our communities by providing ecosystem services such 
as drinking water and food [1]-[2]. By trapping sediments and retaining nutrients, wetlands protect 
our water quality. However, a wetland’s capacity to trap sediments and nutrients also means many 
contaminants are captured (e.g., heavy metals and radionuclides) and then released into the 
environment due to anthropogenic activities (e.g., energy production). Both heavy metals and 
radionuclides have detrimental effects on wildlife, such as developmental and neurological effects 
in the case of heavy metals [3], and macromolecule damage and evolutionary effects in the case 
of radionuclides [4].  

Historically, research investigating the effect of heavy metals and radionuclides on wildlife has 
focused on organismal responses to single contaminants at acute dosage levels [5]. However, 
recent work has demonstrated that heavy metals intensify the effects of radionuclides. For 
example, a recent study investigating the acute genotoxic effects of ionizing radiation and mercury 
on earthworms (Eisenia fetida) found that DNA damage was increased after the combined 
treatments of mercury and ionizing radiation [6]. There is also a need to investigate the effect of 
sublethal exposure to multiple contaminants on wildlife, as such dosages reflect the actual 
environment exposure experienced by organisms. To help fill this knowledge gap, our long-term 
research goal is to investigate the sublethal impacts of heavy metals and radionuclides on 
Medaka (Oryzias latipes). 

Medaka are small fish that inhabit brackish and freshwaters in Japan, Korea, and eastern 
China [7]. Medaka have emerged as a model organism well-suited for experimental manipulation 
in laboratory settings [8]. The fish are easy to maintain in the laboratory [9], have high reproductive 
output [10] and a known sensitivity to environmental contaminants [11]-[12]. In order to meet our 
long-term research goal, we needed to establish a large laboratory colony of Medaka. Thus, the 
focus of the current study was to maintain and expand a breeding colony of Medaka. Specifically, 
our study goal was to establish a husbandry protocol that would result in a breeding colony with 
a minimum of 400 Medaka individuals.  

 

2. Methods 
 

A. Research Site and Fish Housing: 
 
We maintained the fish colony at the Par Pond Facility of the Savannah River Ecology 

Laboratory in Aiken, South Carolina. At the Par Pond facility we housed fish in Pentair Aquatic 
Habitat Units (AHAB units) and 10 gallon tanks. In total, we housed the fish colony in 3 AHAB 
units and 11 ten gallon tanks. Each AHAB unit contained 18 individual tanks (Figure 1). 
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Figure 1. Example of Pentair Aquatic Habitat Units (AHAB units) used to house Medaka colony 
at the Savannah River Ecology Laboratory.  
 

Proper water quality is essential to the health and growth of a fish culture [13]. The AHAB 
units and ten gallon tanks were closed systems that accumulated waste products and needed a 
source of aeration. To maintain the correct water quality in the AHAB units we performed 50/50 
water changes weekly, changed filters every other week, and replaced filter media once each 
month. To maintain the proper water quality in the 10 gallon tanks we performed 50/50 water 
changes weekly, and 100% water changes bi-weekly. We used Topfin air pumps and stones as 
a source of fresh oxygen in the tanks; we replaced air stones a minimum of every 3 weeks. We 
used Simple Green as the cleaning agent for both AHAB units and 10 gallon tanks.   
In the event of an individual mortality we followed a series of steps to preserve water quality in 
both AHAB units and 10 gallon tanks. Specifically, we removed the dead fish, treated the unit/tank 
with methylene blue for 30-60 seconds, removed tank mates from the methylene blue quarantine 
and placed them in a clean unit/tank. We performed a 100% water change for the entire system 
following the disinfectant treatment. 
 

B. Starting Protocol: Feeding Regime and Egg Harvesting: 
 

At the beginning of our study, we fed adult fish flake food daily and frozen brine shrimp every 
other day. In addition, we collected eggs daily. We checked for eggs in three places: on female 
bellies, at the bottom of tanks, or as a string of eggs coming out of fish mouths (if left with eggs, 
females will start eating the egg masses) [13]. Once located, we siphoned eggs from tank bottoms 
or netted eggs on females. We placed harvested eggs into communal bowls that contained a 
rearing solution and methylene blue. Use of the rearing solution is standard practice when trying 
to maintain developing Medaka eggs and encourage hatching [13]-[15], while methylene blue is 
used to inhibit parasites and fungal growth in fish colonies [13], [15]-[16]. Upon hatching, we 
transferred fry to separate 2.0 liter containers. Two weeks into our work, we suspected that food 
limitation may be negatively impacting egg production and noticed fungal growth on eggs (Figure 
2). Thus, we changed our feeding and egg harvesting protocol.   
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Figure 2. Water mold on an unhatched Medaka egg. 
 

C. Altered Protocol: Feeding Regime and Egg Harvesting 
 

To compensate for the suspected food limitation, we fed adults flake food, fresh brine shrimp 
and frozen brine shrimp daily. We did not change the protocol for collecting eggs (see above). In 
an effort to deter fungal growth, we changed how we harvested eggs. Specifically, we placed 
harvested eggs into a fine mesh net and rinsed the eggs under tap water (Figure 3). In addition, 
we individually separated eggs from the rinsed egg masses and placed them into daily incubation 
dishes that contained rearing solution and methylene blue. As with our initial protocol, we 
transferred fry to separate 2.0 liter containers.  

 
Figure 3. Freshly rinsed Medaka eggs in a fine mesh net.  
 

3. Results 
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From June 14, 2015 to July 24, 2015 we harvested 7,161 eggs and 482 fry. Both egg 
production and fry production increased when protocol was changed. We calculated egg 
production on a per day basis and found that the altered protocol more than tripled egg production 
(Figure 4). We calculated fry production on a per day basis and found that the altered protocol 
resulted in an almost doubling of fry production (Figure 5). By the end of our study we were 
maintaining 673 individuals: 191 adults and 482 fry. 

 

 
 

Figure 4. The number of eggs collected per day during starting protocol and altered protocol.  
 

 
 

Figure 5. The number of fry hatched per day during starting protocol and altered protocol. 
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4. Conclusion 
 

We more than met our study goal of increasing the Medaka colony to a minimum of 400 
individuals. The increase in both egg production and fry production upon protocol change 
suggests that Medaka reproduction is dependent on adequate nutrition, while embryo 
development is sensitive to incubation environment (e.g., water quality and housing density). We 
were not surprised by our results, as other studies have documented environmental impacts on 
Medaka population growth and reproduction [10].  

For example, [10] investigated the effects of variations in rearing density found that embryo 
density is inversely related to hatch rate and concluded that 1-2 embryos per incubation well were 
ideal. Therefore, the low hatch rates we observed using our starting protocol could be due to the 
high densities of eggs in the communal incubation bowls. As Medaka embryos develop release 
hatching enzymes to soften the egg envelope [13], [17]. The release of hatching enzymes could 
soften the envelopes of other embryos at earlier stages in the communal dish, inhibiting their 
development and reducing overall production of fry. Our switch from communal incubation bowls 
to daily incubation bowls reduced densities and ensured that Medaka embryos housed together 
were at similar developmental stages.  

By the end of the 5 week period we had established a colony of Medaka large enough for 
experiments related to our long-term goal to be conducted. However, we think growth of our 
Medaka lab colony could further be increased by more closely monitoring temperature, 
photoperiod, and salt concentration of the rearing solution. Previous experiments observed 
optimal hatching success in embryos developing in a rearing solution with a salt concentration of 
20 ppt and a temperature of 28°C [10]. The salt concentration of the rearing solution used in our 
work had a salt concentration of 1 ppt and the colony was housed at ambient temperature. To 
further improve the hatching rate the salt concentration of the rearing solution should be increased 
to 20 ppt and the temperature should be monitored and maintained at 28°C.  

Furthermore, [18] observed optimal reproductive success with a 16L:8D photoperiod and 
water temperature of 25°C. Thus, to further improve egg production we suggest maintaining water 
temperatures of the broodstock at 25°C. We used a 15L:9D photoperiod during our study. 
However, AHAB units were located in front of windows that could have affected the actual 
photoperiod experienced by the broodstock.  
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ABSTRACT. Cheating in competitions is 

no new phenomenon, but competitive 
battling on the Pokémon video games is 
new to prized competitions. Advances in 
technology have allowed players to 
obtain Pokémon illegitimately on the 
Pokémon games. Nintendo’s typical 
checks for illegitimate Pokémon in 
competitors’ games are particularly 
weak, only checking to make sure that 
Pokémon are within possible 
parameters. In this paper, we will 
provide an algorithm based on statistical 
inferences to detect if Pokémon are 
likely obtained with any other method 
outside of what would occur naturally in-
game to get ahead in competitions. 
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1. Introduction 
 

Pokémon is a global phenomenon that started as just a simple children’s video game when 
Pokémon Red Version and Pokémon Green Version were released in Japan in 1996 [1]. 
Pokémon is enjoyed by people of all ages around the world, and what began on the primitive 
Game Boy Color system can now be played in striking 3-D on the Nintendo 3DS with full Wi-Fi 
capability that allows people to interact with users across the globe [2]-[4]. Since its inception 
almost twenty years ago, a wide variety of competitions have become popular. The Pokémon 
World Championships, one such competition, has given out scholarship money as one of the top 
prizes in some of its past tournaments. One potential explanation for its success is the presence 
of randomness that makes Pokémon created within the game unique. Unfortunately, the same 
advances in technology that have allowed players to interact and enjoy a better sense of 
connectivity has also made it easier for players to abuse technology to cheat. Cheating on a 
Pokémon game will be referred to as the process of playing the Pokémon games through third-
party devices to alter the game's data, usually to give the player advantages that would not be 
available through normal gameplay [5]. Cheating on a Pokémon game for recreational use does 
not harm anyone. However, when people use Pokémon not obtained legally on their game in 
competitions against other people who are presumably using honest methods, there is a serious 
breach of ethics. These people have a distinct advantage over honest players. The research in 
this field includes defining the motivations for cheating [6], the actual methods of cheating [7]-[8] 
and the ways companies deal with it [9], and how that translates to the gamer [10]. [11]-[12] have 
also provided the foundation work on identifying and classifying cheating behavior. However, 
there appears to be limited academic work addressing the issues of gaming security and cheating 
specifically [13], and [14] proposed a methodology based on the dynamic Bayesian network 
approach to detect cheating.  

On the Pokémon video games three terms are widely used to categorize the level of honesty 
with which a Pokémon is created: legitimate, legal, and illegal. A legitimate Pokémon is one that 
was obtained fairly, or in a way that doesn’t require help from any external hardware. A Pokémon 
is referred to as legal (but not legitimate) if it has parameters such that it could have been obtained 
legitimately, but it was actually obtained using some type of externally hardware or other method 
outside of what would occur naturally in-game. Illegal Pokémon can only be obtained with external 
help, and they have parameters outside of those possible in a legitimate Pokémon. Nintendo 
currently checks for illegal Pokémon, but has no filter for Pokémon that are legal but not legitimate. 

In this paper we propose an algorithm based on statistical inferences to detect if Pokémon is 
likely obtained with any other method outside of what would occur naturally in-game in the 
Pokémon video game. Before this can be discussed further, a basic knowledge of the mechanics 
of the video game is required. 

 

2. Terms and Formulas 
 

The following terms and formulas are obtained from community-driven websites [15]-[16]. 
Pokémon – Pokémon are creatures that trainers catch, interact with, and teach to battle 

against other trainers’ Pokémon. 
Stats – Stats, less commonly referred to as statistics, are numerical elements that determine 

a Pokémon’s battling capabilities in each of six categories, listed below: 

 Hit Points (HP) – Hit Points reflect a Pokémon’s health or ability to battle.  

 Attack (Atk) – Pokémon with a higher attack stat will do more damage when using physical 
moves. 

 Defense (Def) – A higher defense stat lessens the amount of damage a Pokémon will take 
when hit by a physical moves. 
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 Special Attack (SpA) - As a Pokémon’s special attack stat increases, it will do more damage 
with special moves. 

 Special Defense (SpD) – A higher special defense stat lessens the amount of damage a 
Pokémon will take when hit by a special moves. 

 Speed (Spe) – In most cases, a Pokémon with higher speed will move first when players 
simultaneously select an attack. 
Moves – moves or attacks refer to the selectable actions each Pokémon can use against 

each other in battle. All moves fall into one of three categories: physical, special, or status. 
Base Stats – Base Stats are the inherent, immutable values which define the average 

strengths of Pokémon of a given species. A species’ base stats range from values of 1 to 255. As 
an example, the base stats for Umbreon make them mainly defensive Pokémon, meaning that 
Umbreon will generally have relatively low Attack and Special Attack scores in comparison to their 
Defense and Special Defense scores.  

Effort Values (EVs) –Effort values are attributes which give bonuses to an individual 
Pokémon's stats and improve differently depending which Pokémon they defeat. They are 
assigned to one of the six stats depending on the Pokémon defeated, and as Pokémon collect 
effort values their stats increase permanently. Effort values are a hidden value not shown in-
game, but they can be counted in a variety of methods. A maximum of 510 effort values can be 
collected in total with a maximum of 252 in any one given stat. 

Level – as a Pokémon defeats opposing Pokémon, it gains experience and in turn increases 
its level, a numeric discrete value on the interval [1,100]. A Pokémon’s level influences the 
calculation of its stats. 

Individual Values (IVs) – Individual values are discrete uniform random variables on [0, 31] 
assigned to each stat upon the generation of a Pokémon. Certain in-game mechanics may 
influence the way individual values are assigned, and altering of individual values using external 
hardware is a common form of cheating and the focus of this paper. For example, consider a 
Pikachu with the following IVs: HP: 22, Atk: 24, Def: 30, SpA: 31, SpD: 13, Spe: 29. Online, and 
throughout this paper, Pikachu’s IVs would be described as follows: 22/24/30/31/13/29. 

Individual Value Total (IV Sum) – The IV Sum is calculated by adding each of a Pokémon’s 
six IVs. This is a sum of random variables and therefore is a random variable itself. IV Sum will 
follow one of a few distributions discussed in-depth later in this paper. 

Nature – Pokémon are all assigned 1 of 25 possible natures that cannot be changed upon 
generation. Natures typically positively increase the rate of growth of one stat by 10% while 
decreasing the rate of another stat by 10%. There are, in addition, five natures that have no effect 
on the rate of growth whatsoever. Note that natures do not influence HP. 

Nature Modifier – Nature modifiers, determined by a Pokémon’s nature, are used in the 
calculation of stats. Each stat will have a nature modifier in {.9, 1, 1.1}. Note that there is no nature 
modifier in the formulation of HP. 

In order to better understand what IVs are and why they are important, the formulas for 
calculation of a Pokémon’s stats are provided below. Please note that the HP stat is calculated 
differently than any other stat, and so it has its own formula: 

𝐻𝑃𝑂𝑏𝑠𝑒𝑟𝑣𝑒𝑑 =
[𝐼𝑉𝐻𝑃 + (2 ∗ 𝐵𝑎𝑠𝑒𝐻𝑃) +

𝐸𝑉𝐻𝑃
4 + 100] × 𝐿𝑒𝑣𝑒𝑙

100
+ 10 

𝑆𝑡𝑎𝑡𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 = (
[𝐼𝑉𝑠𝑡𝑎𝑡 + (2 ∗ 𝐵𝑎𝑠𝑒𝑠𝑡𝑎𝑡) +

𝐸𝑉𝑠𝑡𝑎𝑡
4 ] × 𝐿𝑒𝑣𝑒𝑙

100
+ 5) ×𝑁𝑎𝑡𝑢𝑟𝑒, 

where the observed stats represent the output or stat given by the game and the other variables 
are the following: IVstat is the IV in the stat being calculated, Basestat is the base stat value for the 
stat being calculated, EVstat is the accumulated number of EVs, Level is the level of the 
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Pokémon, Nature is the nature modifier in {.9, 1, 1.1} for the given stat. Consider the following 
example for an actual Charizard at level 55 with an Adamant nature (+Atk/-SpA): 

 HP Atk Def SpA SpD Spe 

Base Stats 78 84 78 109 85 100 

IVs 31 31 31 31 31 31 

EVs 0 252 4 0 0 252 

Charizard’s HP and attack stats would be calculated by the game as follows: 

𝐻𝑃𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 = (
[31 + (2 ∗ 78) + 0 + 100] × 55

100
) + 10 = 167.85 = 167 

𝐴𝑡𝑡𝑎𝑐𝑘𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 = (
[31 + (2 ∗ 84) + 63] × 55

100
+ 5) × 1.1 = 163.9 = 163 

It is not unreasonable to speculate that the game stores variables used in stat calculation as 
integers. Note that if after multiplying by .55 above, if the number is not truncated to an integer, 
the formula will yield the incorrect result of 164. Also, because Charizard has an Adamant 
nature, the nature modifier for attack is 1.1 (above), the nature modifier for Special Attack is 0.9, 
and the nature modifier was 1 in any other stat calculation. The calculated base stats for 
Charizard are obtained: HP: 167, Atk: 163, Def: 108, SpA: 126, SpD: 115, Spe: 166, and the 
Charizard from which this example was obtained is pictured below (Fig. 1). 
 

 

Fig 1: “Image of the Charizard and its base stats.” Nintendo, Author’s screenshot. 
 

In outdated versions of the Pokémon games, there was technology that easily allowed for IVs 
to be read using either external hardware in coordination with the cartridge or by sending a 
Pokémon for analysis by tricking the game into thinking it was being offered for a Wi-Fi trade. 
Unfortunately, the current games are relatively new, and we cannot exactly determine IVs. 
However, as level increases, the number of potential values for IVs tend to decrease. For the 
purpose of analysis, a program was written using Java in order to calculate the possible IVs for a 
given Pokémon’s stats. The program, referred to as an IV Calculator, uses basic loops to check 
each number between 0 and 31. If the result of a given number matches the input observed stat, 
that number is displayed as a potential IV for that stat. In cases where more than one number 
was shown, the lowest number was used when calculating the IV Sum to minimize the effect of 
that IV on the IV Sum. This yields a minimum value for the IV sum which yields the least likely 
potential for a falsely positive result when trying to detect dishonest gameplay. 
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3. Methodology 
 

All Pokémon obtained within the game can be sorted into one of three groups based on the 
method in which they are obtained. All of these groups have a different way of assigning IVs to a 
Pokémon generated within that method. The methods are listed and explained below. 

Basic Method: Pokémon encountered in the wild or given to the player in-game as a gift 
generate IVs from this method. When a Pokémon is generated by this method, none of its IVs are 
fixed. That is, all six of its IVs are discretely uniformly distributed on [0, 31].  Let MW be the IV sum 
of a given Pokémon. Because MW is the sum of a Pokémon whose IVs are all generated randomly, 
it will follow the distribution below: 

𝑀𝑊 = 𝑋1 + 𝑋2 + 𝑋3 + 𝑋4 + 𝑋5 + 𝑋6, 
where Xi are independent, identically distributed, discrete-uniform random variables on [0, 31].  

Undefined Method: Pokémon that can’t breed are in what is called the “undefined” breeding 
group. Pokémon generated in this way are guaranteed to have three IVs with a perfect value of 
31. The remaining three will be uniformly distributed on [0, 31].  Let MU be the IV sum of a 
Pokémon generated using the undefined method. Because Pokémon generated using this 
method are guaranteed three perfect IVs, MU will have a distribution as follows: 

𝑀𝑈 = 93 + 𝑋1 + 𝑋2 + 𝑋3, 
where Xi are independent, identically distributed, discrete-uniform random variables on [0, 31].  

Breeding Method: Breeding, which was introduced in Generation II, has evolved in every 
generation since then. Now, a savvy player can use breeding to his advantage to pass a maximum 
of five IVs from two parents to their offspring. Given two Pokémon with six perfect IVs, a hatched 
Pokémon will be guaranteed to have five perfect IVs. While not every Pokémon trainer will use 
two such Pokémon to breed every time, it is impossible to know without being directly told by the 
player. As such, in the interest of being conservative, it was assumed in all data collected that 
Pokémon generating IVs using this method were bred under the conditions guaranteeing five 
perfect IVs. Therefore, Pokémon generated by this method will be assumed to have five perfect 
IVs with the remaining IV being distributed uniformly on [0, 31] as in the previous methods. Let 
MB be the IV sum of a Pokémon hatched from an egg. Pokémon of this method have the discrete 
uniform distribution on [155, 185]. This is the case because MB is simply the sum of five perfect 
IVs and one uniform variable on [0, 31].  

The histogram below is a visual depiction of each method. Simple rules of probability were 
used to calculate the population parameters for each distribution and its statistical measures are 
provided in table below. 

 

Fig 2. The distribution of the IV sum of Pokémon generated by the basic method, undefined 
method, and breeding method, respectively. 
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Table 1. The mean and standard deviation of the distribution of the IV sum of Pokémon generated 
by the three methods. 

 Mean Standard Deviation 

Basic method 93.0 22.6164 

Undefined method 139.5 15.9922 

Breeding method 170.5 9.2331 
 

By studying the distributions of the IV Sum of the above methods, a z-score and corresponding 
probability value can be calculated. The interpretation of a p-value corresponding to an arbitrary 
IV Sum X is the likelihood of obtaining an IV sum of X or greater. While outliers are rare, they may 
still sometimes occur, and it would be unfair to penalize a player simply for getting lucky. 
Therefore, some additional work can be done to account for them. A z-score can also be created 
for the sample mean of an IV sum. This will be further discussed after the distribution for each 
method is explained below. 
 

4. Algorithm 
 

The algorithm described below is proposed to detect whether or not Pokémon generated by 
a player is acceptable in Pokémon games. Competitive teams have a total of six Pokémon. 
1. Check to see if each Pokémon’s IV sum individually falls within an acceptable range.  
2. If no outliers are found and no more than two of the Pokémon are generated using the 

breeding method, stop and we conclude that the Pokémon are acceptable. If an outlier is 
found or at least three of the Pokémon are generated using the breeding method, move to the 
next step. Because the undefined method has an equal probability of 0.03125 of each sum 
occurring, no Pokémon will ever be deemed outliers. Therefore, if a player has enough of 
these Pokémon, the first step is largely ineffective. To reduce false negatives, we continue 
checking when at least a certain number of Pokémon are generated using this method; the 
proposed number is three, but this number is picked arbitrarily and is up to the discretion of 
whomever is administering the test. 

3. Separate all the Pokémon level 50 and fully EV-trained (having at least 508 effort values) by 
the method they are obtained. Pokémon used in competitions are always fully EV-trained, and 
most competitions use 50 as a minimum level. Therefore, we are measuring those Pokémon 
and leaving out the rest because we don’t want to include random Pokémon that are not 
intended for competitive use. Once Pokémon meeting the criteria have been sorted, find each 
group’s average IV sum. Use the sample size to find a z-score corresponding to the chosen 
level of significance for the desired sample mean. 

4. Determine the results. If any of the three tests yield a result with a lower p-value than a level 
of significance (or equivalently have a z-score greater than the critical value), we will 
determine that the Pokémon are inappropriate. If none of the tests yield such a result, we 
determine that the Pokémon are acceptable. Given an insufficient number of observations for 
the breeding method, this test will be inconclusive and rule in favor of the player. However, 
tests on the other two methods should still be carried out. 

 

5. Analysis of Data 
 

To demonstrate the proposed algorithm, four different players were invited to play in a 
tournament. All of the participants were adults who had as little as five years and as much as 
fifteen years’ experience in the Pokémon video game franchise. It is notable that the current 
generation of Pokémon is relatively recent, but Pokémon has undergone some changes while 
maintaining its basic premise since it came out in the US in 1996. Because none of the people 
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participated in any official prized tournaments and not all of them played online, it is impossible to 
determine how evenly-matched their skills are. The participants did not know prior to the 
tournament that we would ask them to collect data from their games. Because they didn't know, 
we doubt they curbed their playstyles in any way. Upon completion of the tournament, players 
were asked to submit their games for some data analysis. The first survey given to each player 
listed all of the Pokémon submitted for testing. The players’ games were returned at this point, 
and the player was asked to provide any known IVs. The remaining IVs were then further tested 
using a variety of in-game methods, and if IVs could still not be determined, they were filled in 
using the IV Calculator described earlier. After all of the data obtained were entered, analyses 
were run counting the number of Pokémon failing the respective tests and results were output 
regarding whether or not the algorithm would detect a presence of unacceptable Pokémon in 
each game. The results follow. 

 

Table 2. Percentage of Pokémon found to have suspiciously high individual values for each 
method. 

 MW MU MB 

Player A 0% 10% 0% 

Player B 0% 23% 0% 

Player C 0% 0% 0% 

Player D 100% 60% 0% 
 

Results of the IV Sum test for single Pokémon suggest that there were some unacceptable 
Pokémon. Suspiciously high areas in particular include the undefined method Pokémon in Players 
B and D. We continue by running through the proposed algorithm on each game, including an 
analysis of the sample means where appropriate. The following table describes the critical value 
and the observed mean for each method. 

 

Table 3. The observed mean value and critical value in parenthesis for each method. 

 MW MU MB 

Player A 98.75 (115) 144.30 (148) 165.59 (N/A) 

Player B N/A (N/A) 168.44 (149) 168.24 (173) 

Player C 117.67 (115) 143.12 (149) 159.35 (174) 

Player D 171.80 (110) 175.30 (146) 176.01(173) 
 

Player A 
The analysis of Player A’s six-Pokémon didn’t yield any outliers. The p-values corresponding 

to each Pokémon’s IV Sum were all greater than 1% level of significance. Three Pokémon were 
obtained using the breeding method, so we moved to the next step to check sample means. All 
Pokémon were separated into the three respective methods for means to be analyzed. The 
algorithm would determine that the Pokémon were acceptable in the competition. The 
questionnaire filled out by the competitor revealed that the Pokémon were all generated 
legitimately.  

 

Player B  
No Pokémon in the Player’s six-Pokémon team were outliers because all of them were 

obtained by the breeding method. Because all six Pokémon were obtained via the breeding 
method, the algorithm suggested that we should continue to check sample means, and we 
concluded that the Pokémon were not obtained by the basic method and not acceptable on his 
game. This isn’t surprising because most players use bred Pokémon for their higher likelihood 
of good IVs. However, the player had an average significantly higher than the critical point for 
the undefined method. Because this phenomenon is significantly rare, the algorithm would 
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suggest that some of the Pokémon were unacceptably improbable because of the high mean of 
Pokémon obtained via the undefined method. As a matter of fact, this mean was higher than the 
mean of Pokémon obtained using the breeding method. Of the EV-Trained Pokémon obtained 
via the undefined method, the player, however, revealed that all of them were indeed obtained 
illegitimately. However, the Pokémon themselves are all still legal (parameters are within the 
possible range defined by the game). Another interesting note is that an unusually high number 
of speed IVs were found to be 0 on this player’s team. The player used what is called a “Trick 
Room” team in the tournament play. Trick Room is a status move that allows slower Pokémon 
to move first for five turns, so on this rare occasion it would be advantageous to have lower 
speed. As it turns out, about half the Pokémon with a speed IV of 0 were obtained illegitimately. 
The test did not pick up on these individual Pokémon because it does not test for low values. 
This, and other potential problems will be discussed later.  
 

Player C 
On the player’s team, one Pokémon obtained an IV Sum of 166 (one higher than the 

accepted value of 165). In addition, three Pokémon were obtained via the breeding method. The 
algorithm considered the one Pokémon with IV Sum 166 an outlier, though it is barely above the 
accepted range. In addition, three Pokémon were from the breeding method. The algorithm 
suggested to the next step. At 1% level of significance the sample means would all pass, but at 
5% level of significance the basic method would be caught by the algorithm. Therefore, the 
discretion of the organization or person administering the test would determine whether or not 
this game would pass. None of the player’s Pokémon were obtained via trade, and each 
Pokémon individually was within the acceptable range for the IV Sum. It was found that the 
Pokémon were generated legitimately and simply wound up with an outlying mean. 
 

Player D 
All six of Player D’s Pokémon were obtained using the breeding Method. Therefore, none of 

them failed the initial test for IV Sums. Because all the Pokémon present on the six-Pokémon 
team were obtained through breeding, we continued on to check sample means. The Pokémon 
were outside of the accepted range, and we concluded that the Pokémon were not acceptable. 
Player D unsurprisingly revealed that the vast majority of his Pokémon were not legitimate. 
However, this sample ended up providing a prime example of why a test like this is necessary. 
Despite all Pokémon on his six-Pokémon team being within the acceptable range, the game as a 
whole revealed the strongest evidence of the presence of unacceptable Pokémon in any of the 
four games.  
 

6. Conclusions 
 

The scope of this work was limited to a basic implementation, designed to provide a novel 
algorithm. But the test for a single IV Sum could detect many Pokémon that were inappropriate 
while providing a small number of false positives. A few potential weaknesses of the test came 
up, and some potential next steps toward the best possible algorithm became clear. The proposed 
algorithm cannot definitively say that a person is actually cheating, but the test can detect if the 
Pokémon is likely or highly unlikely created with any other method outside of what would occur 
naturally in-game. Further research is necessary to identify whether the Pokémon are actually 
created illegitimately for those flagged Pokémon. 

Strange cases were the biggest weakness of this test. In rare events, like the Trick Room 
example from Player B, it may be to a player’s advantage for a specific Pokémon to have lower 
stats in some categories. In addition to Trick Room, there are moves a Pokémon might have that 
would benefit from low defensive stats. The moves Counter, Magic Coat, and Metal Burst return 
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damage based on how much damage was done to the user of the move. In situations like this, 
damage is maximized by having high enough HP to survive the attack but low enough defense 
and special defense to return as much damage as possible. These moves are significantly rare. 
To put their usage into perspective, none of the aforementioned moves appear with enough 
frequency to be counted in the top-12 Pokémon on Pokémon Global Link [17], a random matchup 
Wi-Fi feature that allows players to battle other players that are not nearby. 

The most difficult Pokémon to catch with these tests were those in the breeding group. 
Because it is not possible to easily test these Pokémon individually (only the sample mean 
scenario was useful for this method), it is important that players in general should be 
knowledgeable with regard to how to legitimately obtain these Pokémon. Luckily, this formulation 
has the most generous distribution for players breeding for IVs. Once players become aware of 
how to breed for high IV totals, it would make sense to move toward how to obtain specific Hidden 
Power types and specific natures and abilities.  
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ABSTRACT. Cardiovascular disease 

(CVD) related to HIV infection is 
becoming a major public health concern 
in the United States. Epidemiologic 
studies show that prolonged use of 
Highly Active Antiretroviral Therapy 
(HAART), HIV/AIDS itself, and a 
combination of traditional vascular risk 
factors increase the risk for CVD among 
people with HIV/AIDS. However, little is 
known about any racial differences in the 
risk for CVD in the HIV/AIDS population. 
Through a systematic review of peer 
reviewed articles on HIV/AIDS and CVD 
(June 1, 2010-July 31, 2013), this study 
examines whether and how HIV-positive 
black Americans are disproportionately 
affected by CVD compared to their white 
counterparts.  Of the 17 publications that 
met the inclusion criteria for this 
analysis, 9 (or 53%) concluded that the 
relative risk for CVD was higher among 
Blacks with HIV/AIDS than Whites. Two 
articles (or 12%) concluded that Whites 
with HIV/AIDS had higher risks for CVD 
than their black counterparts, while the 
remaining 6 studies (or 35%) did not find 
any racial disparities in the risk for CVD. 
The findings of this study provide an 
important basis for prevention efforts as 
well as recommendations for addressing 
the existing racial disparities in the risk 
for CVD among people with HIV/AIDS. 
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1. Introduction 
 

Societal concern about HIV/AIDS seems to be waning as public health professionals and 
researchers turn their focus on diseases such as heart disease and cancer that have been 
identified as the leading causes of death. This shift in the public attitude can be mainly attributed 
to the successes of highly active antiretroviral therapy (HAART). The efficacy of HAART has 
resulted in prolonged survival among HIV-infected people, thus making AIDS a chronic disease 
instead of one of the leading causes of death that it was at the height of the AIDS epidemic in the 
1990s [1]. However, these successes have led to new sets of HIV-associated complications, 
resulting in AIDS-related life-threatening chronic illnesses such as cardiovascular disease [2]. 
Epidemiological literature has shown a strong association between HIV/AIDS and cardiovascular 
disease (CVD) - whether due to long-term exposure to HIV or to antiretroviral treatment or to 
traditional CVD risk factors [3-8]. For instance, in their meta-analysis on the relative risk for 
cardiovascular disease among people living with HIV (PLHIV), Islam et al. [9] found that the 
relative risk for CVD was 61% higher among PLHIV than people who were not HIV-infected. 
Taken together, this evidence shows that people living with HIV/AIDS (PLWHA) are at increased 
risk for CVD compared to the uninfected population.  

According to [10], CVD is the leading cause of death among Blacks in the United States. 
Furthermore, even though Blacks represented only 12% of the U.S. population in 2014, they 
accounted for more new HIV infections, people living with HIV, and HIV-related deaths than any 
other racial or ethnic group in the U.S. [11]. While several studies have examined disparities in 
HIV/AIDS and CVD independently among Blacks, little is known about racial differences in the 
risk for CVD among the PLWHA. The high prevalence of HIV/AIDS and CVD among Blacks and 
the strong association between these two health problems raises the question of whether the 
confluence of these two diseases creates a double-jeopardy for Blacks. This study systematically 
reviews the literature on HIV/AIDS and CVD to examine whether and how Blacks who have 
HIV/AIDS experience increased risk for CVD than their White counterparts. We hypothesize that 
Blacks with HIV/AIDS will have higher risks for CVD relative to their White counterparts.  

The present study makes a significant contribution to the literature on the interaction between 
race, HIV/AIDS, and CVD by expanding an earlier study done by [5]. Based on our comprehensive 
review of relevant literature, [5]’s study is the only existing systematic literature review on racial 
disparities in the risk for CVD among PLWHA. In their study, [5] examined studies that were 
published between January 1, 1950 and May 31, 2010. Of the original 43 studies they identified, 
[5] found 5 studies that met their inclusion criteria. Two of these studies reported that Blacks with 
HIV/AIDS had higher risk for CVD than Whites while the remaining three studies did not find any 
significant racial difference. Acknowledging that their finding was inclusive, [5] point out the 
limitations in the time periods of the studies they analyzed, emphasize the need for “further 
research in this area,” and underscore “the need for up-to-date data” on this topic. Our study 
seeks to fill this research gap. 

 

2. Methods 
 

The present study conducted a systematic search of the electronic MEDLINE database for 
studies done between June 1, 2010 and July 31, 2013. The search was limited to articles 
published in the English language that evaluated CVD among patients with HIV/AIDS. The 
primary outcome for our analysis was the incidence of CVD. As with the earlier study by [5], the 
present study adopted the definition of CVD from the American Heart Association (AHA) 
definition. Based on this definition, search terms for CVD included heart failure, stroke, coronary 
heart disease, hypertension, myocardial infarction, ischemic heart disease, carotid artery, atrial 
fibrillation, cerebrovascular disorders, and atherosclerosis. These search terms also correspond 
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to what the literature identified as biomarkers for CVD.  In addition to the CVD-related search 
terms, the search strategy also included terms associated with race/ethnicity such as race, 
ethnicity, black, and African-American, and search terms associated with HIV/AIDS such as HIV 
and AIDS. Boolean operator ‘and’ was used to combine a search term from each of the three 
subject headings of CVD, race/ethnicity, and HIV/AIDS.  

We screened the abstracts of all studies for relevance before retrieving the full texts. Published 
articles were included in the present analysis if they meet the following criteria: 1) involved patients 
infected with HIV/AIDS, 2) evaluated CVD, 3) described original research data, 4) included only 
U.S. populations, 5) compared Black and White patients, and 6) involved non-pediatric 
populations. Studies that failed to meet all six of the above conditions were excluded. The 
selection process is presented in Figure 1. 

The following information was extracted from each study: author, year of study, study design, 
study setting, sample size and racial distribution of sample, target population, CVD definition, and 
relative risk for CVD by race (Table 1). 

 

3. Results 
 

Our search strategy yielded 66 articles. After reviewing the abstracts, we excluded 12 studies 
that did not meet all six inclusion criteria set out for this study. Of the remaining 54 studies selected 
for full text review, we excluded another 37 studies because they either did not include a 
comparison between Blacks and Whites in their analysis or included a non-U.S. population. Only 
17 articles met the inclusion criteria for this analysis. Table 1 shows the details of these studies.  

Of the studies included in the final analysis, a majority (53% of the studies) found that Blacks 
with HIV/AIDS had higher risk for CVD compared to their white counterparts. The remaining 
studies either concluded that Whites had higher risk for CVD compared to their black counterparts 
(12% of the studies) or that there was no significant difference in the risk for CVD by race (35% 
of the studies).   
 

4. Discussion 
 

This study set out to investigate whether and how the risk for CVD among people with 
HIV/AIDS varies by race. As people are living longer with HIV/AIDS, they are developing life 
threatening chronic illnesses. One disease that is emerging as a significant cause of morbidity 
and mortality in the HIV/AIDS population is CVD. In attempting to examine reasons for this 
epidemiologic shift, past studies have identified three possible explanations, including known 
toxicities associated with prolonged use of long-term HAART, the inflammatory effects of the AIDS 
virus itself, and traditional vascular risk factors. While several studies have focused on the relative 
risk for CVD among PLWHA in general, there is a dearth of information on attendant racial 
disparities in the association between HIV/AIDS and CVD. As our study has shown, thirty-six (or 
55%) of the studies that were initially identified for this review did not include an analysis of racial 
differences in the relative risk for CVD in the HIV/AIDS population. Considering the well-
established racial disparity in CVD morbidity and mortality, a failure to examine racial differences 
in the risk for CVD among PLWHA undermines efforts to understand, address, or stem the tide of 
HIV/AIDS and CVD. This is especially critical in light of our study findings showing that a majority 
of the studies that examined racial differences actually found that Blacks in the HIV/AIDS 
population had higher risks for CVD than their White counterparts. 

In understanding the reasons why Blacks who have HIV/AIDS experience increased risk for 
CVD relative to Whites, it is important to consider two factors. First, as surveillance reports have 
shown, Blacks are more predisposed to CVD than Whites in the general population [12]. 
Traditional risk factors for CVD include high blood pressure (hypertension), obesity, diabetes, high 
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blood cholesterol, physical inactivity, tobacco use, harmful use of alcohol, unhealthy diet, poor 
nutrition, family history, age, gender, and poverty. As numerous studies have shown, Blacks tend 
to have or experience more of these risk factors than Whites. In addition, being black itself has 
been found to be a risk factor for CVD, mainly due to genetic predispositions. The implication of 
all of this is that even without HIV/AIDS, Blacks are already at a higher risk for CVD than Whites. 
It is possible that the introduction of HIV in the equation exacerbates the risk of CVD for Blacks, 
compared to their white counterparts, which is why most of the studies in our research found that 
Blacks had higher risks for CVD than Whites.  

Second, there is a likelihood that different racial/ethnic groups respond differently to different 
antiretroviral regimens. Studies examining the effect of HIV therapy on CVD risk have concluded 
that people who are exposed to certain antiretroviral therapies, particularly protease-inhibiter (PI)-
based regimens, tend to have higher risk for CVD compared to patients treated with non-PIs [9]. 
What is not known is whether particular antiretroviral therapy will increase the risk for CVD in 
some racial/ethnic groups more than in others. There is evidence in other medical literature 
showing that different racial groups react differently to certain medications. For instance, in their 
study on hypertension in patients with coronary artery disease, [13] found that many of the black 
patients required more hypertension medication at higher doses to achieve the desired goal. On 
the other hand, these goals were achieved at much lower doses among Hispanics and Whites. 
This raises the prospect that some HIV therapies have more negative CVD-related outcomes 
among Blacks than Whites. If true, this would highlight the need for HIV/AIDS clinicians to develop 
and follow treatment protocols that consider individual risk factor profiles. Since our study did not 
specifically focus on this question, it is an area that should be examined in future studies.  

Our study had two main limitations. First, due to the fact that our study focused on 
published studies in peer reviewed journals, it is likely to have a publication bias. Journals and 
editors are more likely to publish studies that report statistically significant results. Since not all 
studies fall in this category, limiting the systematic review to peer reviewed journals might have 
excluded studies that may have arrived at different conclusions regarding our research question. 
Future studies can overcome this limitation by including unpublished studies. Second, by limiting 
our review to studies that examined U.S. populations, our findings can only be limited to the United 
States. A much broader generalization can be achieved if future studies can examine global data. 

 

5. Conclusion 
 

Even though the prevalence of HIV/AIDS in the general population is decreasing, Blacks in 
America still grapple with a disproportionate burden of HIV/AIDS. This burden is further 
exacerbated by the fact that their exposure to HIV/AIDS increases their risk for CVD, thus 
accentuating any existing racial disparities. A clearer understanding of the multiplicity of factors 
associated with the interaction between HIV/AIDS, CVD, and race is necessary. Future 
investigations should use existing quantitative methods to statistically evaluate these interactions. 
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8. Figures & Tables 

 

Figure 1. Flow diagram of article selection process for the systematic review 
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Table 1: Characteristics of Studies Included in the Systematic Review 

                                                           
1 Strategies for Management of Antiretroviral Therapy 
2 Evaluation of Subcutaneous Proleukin in a Randomized International Trial 
3 Subcutaneous Recombinant, Human Interleukin-2 in HIV-Infected Patients with Low CD4+ Counts under Active 

Antiretroviral Therapy 

1st Author/Year Study design Study Setting N Target 
Population 

CVD definition Black vs 
White CVD 

Risk 

Armah et 
al,2012 [14] 

Observational, 
prospective 
longitudinal 
study 

Data from the Veterans 
Aging Cohort Study (VACS) 

N=2368 
B (68.4%) 
W (19.7%) 
H (8.1%) 
O (3.8%) 

HIV infected 
and 

uninfected 
people 

D-dimer B>W 

Borges et al, 
2014 [15] 

Cross sectional 
study 

Data from participants in 
three randomized 
controlled trials: 1SMART, 
2ESPRIT, and 3SILCAAT 

N=21,264 
 

HIV infected 
individuals  

under Active 
Antiretroviral 

Therapy 

D-dimer B>W 

Buchacz et al, 
2012 [16] 

Prospective 
observation 

HIV outpatient study data  N=3,166 
B (31.5) 
W (56.6) 
H (11.9%) 

HIV infected 
adults (age 18 

and over) 

hypertension B>W 
 

Dawood, 2014 
[17]  

Retrospective  Data from SMART trial   N= 1,444 
B (37.6%) 
W (46.5%) 
O (16%) 

HIV infected 
persons and 

SMART 
participants 

Unspecified 
CVD 

B>W  

Factor, 2013 
[18]  

Prospective 
cohort study 

Participants in the  Natural 
History of Menopause in 
HIV-infected Drug Users 
(MS Study) of the Cohort of 
HIV at risk Aging Men’s 
Prospective Study 
(CHAMPS) 

N=659 
B (49%) 
W (13%) 
H (32%) 
O (6%) 

Perimenopausal 
women and older 

man with or at 
risk of HIV 
infection 

Incident 
Hypertension 

B>W 

Friedberg et al, 
2013 [19] 

Prospective 
longitudinal 
study 

Data from the Veterans 
Aging Cohort Study Virtual 
Cohort  

N= 82459 
B (48%) 
W (37.8%) 
H (14.2%) 

HIV infected 
and 

uninfected 
persons 

Acute 
Myocardial 
infarction 

B<W 

Haddow et al, 
2013 [20] 

Retrospective 
Cross sectional 

Data from observational 
clinical setting  

N=254 
B (40.2%) 
W (52.8%) 
O= (7.1%) 

HIV infected 
patients  

Hypertension 
and others not 
specified 

B=W 

Hadigan et al, 
2013 [21] 

Prospective 
cohort study 

Data from the  HIV clinic at 
the National Institute of 
Allergy and Infectious 
Diseases (NIAID) outpatient 
clinic in Bethesda, MD., or 
the Washington Hospital 
Center Infectious Diseases 
clinic in Washington, D.C. 

N= 182 
B (58.8%) 
W (30.8%) 
O (10.3%) 

Clinic patient 
and HIV 

Unspecified 
CVD 

B=W 
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Abbreviations: Race: W=Whites, B=Blacks, H=Hispanics, O=Others 

 

Study/Year Study design Study Setting N 
 

Target 
Population 

CVD definition Black vs 
White CVD 

Risk 

Heffernan et al, 
2013 [7] 

Cross sectional 
approach 

Data from the 
nutrition/infectious disease 

clinic 

N=42 
B (50%) 
W (50%) 
 

Men and HIV Aortic Stiffness B>W 

Hsu et al, 2013 
[22]  

Prospective 
longitudinal 
study  

Data from Veterans Affairs 
HIV Clinical case registry 
from 1996-2011 

N=30,533 
B (54.1%) 
W (44.6%) 
O (1.3%) 

HIV infected 
persons 

Atrial 
fibrillation  

 

B<W 

Krauskopf et al, 
2013 [23] 

Prospective 
observational  

Longitudinal study of the 
Ocular Complications of 
AIDS 

N=2,390 
B (37%) 
W (45%) 
O (18%) 

HIV infection 
and age from 

13-60 

hypertension B>W 

Lichtenstein et 
al, 2010  [24] 

Prospective 
observational 
cohort study  

Data from 10 HIV clinics 
who participated in the HIV 
Outpatient Study (HOPS) 
after 2002 

N=2005 
W (52%) 
B (33%) 
O (12.3%) 

HIV,  patients, 
and CVD 

Unspecified 
CVD 

B=W 

Medina-Torne 
et al, 2012 [25]  

Cross sectional 
study 

Medical care at the Naval 
Medical Center San Diego 
(NMCSD) or the National 
Naval Medical Center 
(NNMC) in Bethesda, MD. 

N= 707 
B (37.5%) 
W (48.9%) 
O (13.6%) 
 

HIV &HAART Hypertension B=W 
 

Monroe, 2012 
[26]  

Cross sectional 
study 

Data from the Multicenter 
AIDS Cohort Study (MACS) 

N=856 
 

HIV/AIDS 
infected men 

Unspecified 
CVD 

B=W 

Parrinello et al, 
2012 [27] 

Longitudinal 
sub study 

Data from the Women’s 
Interagency HIV Study 
(WIHS) 

N= 691 
B (64%) 
W/O (9%) 
H (27%) 

HIV infected 
women 

Carotid artery 
disease 

B=W 

Stein et al, 2013 
[28] 

Cross sectional 
study 

Data from Antiretroviral 
Therapy (ART) trial 

N= 331 
B (32%) 
W (44%) 
O (20.4%) 

HIV and CVD Carotid artery 
lesions and 
brachial artery  

B>W 

Oramasionwu 
et al, 2013 [29] 

Observational 
retrospective 
study 

U.S. National Hospital 
discharge study 

N=1,493,405 
B (63.8%) 
W (36.2%) 

Hospitalizations 
and HIV 

Unspecified 
CVD 

B>W 
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ABSTRACT. This paper examines the 

current condition of the foster care 
system in the United States. Since more 
than 500, 000 children have been placed 
in the system, it is important not only for 
their well-being but also the future of the 
United States that these children’s 
needs are properly met. However, a 
review of the most recent literature on 
the subject of foster care shows that 
there are serious flaws in the current 
system which make it difficult to meet the 
children’s needs. The paper argues that 
the critical state of the foster care system 
requires that more funds be invested in 
it. 
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1. Introduction 
 

So that America can reach its full potential, we must not only focus on the present issues, but 
invest in the future ones as well. The future of America is in the hands of its children, but our 
country is not doing them justice. Over 500,000 of our children are currently in foster care, a 
system that is supposed to provide for the needs of children whose parents cannot properly care 
for them ([1], p. 322). Although cumulative risks of foster care placement declined slowly from 
2000 to 2011, risks for minority groups such as Native Americans and African Americans remain 
the same ([2], p. 5). Those groups who are most dependent on the foster care system are 
unfortunately also the most vulnerable as well. The purpose of foster care is to give the minors 
placed in it temporary access to a healthy lifestyle and environment, as they await either adoption 
or the court’s permission to be placed back in the family home. This paper examines whether the 
current foster care system is helping the children as it should.  

 

2. Method 
 

To examine the current functioning of the foster care system, research was conducted of the 
most recent literature that has focused on various aspects of the system such as how background 
checks of prospective foster care families are conducted, how the children are monitored once 
they are placed in the foster care system, and how the foster care system affects the children’s 
academic performance and future prospects once they age out of the system. The necessary 
steps for improving the situation are then recommended. 
 

3. Results and Discussion 
 

Research shows that there are many flaws in the current foster care system that make it easy 
for incidents such as neglect, abuse, and molestation to go unnoticed and cause extreme damage 
to the children’s well-being. Because of the numerous and serious problems that make it difficult 
to properly serve the needs of the children, the current foster care system in the United States is 
in critical need of reform. 

One dysfunctional aspect of the current foster care system is its method of obtaining 
background checks on foster parents and close family and friends of the foster parents. To 
become a foster parent, a person is supposed to have a background check to be sure that there 
is no history of criminal actions, such as abuse or accusations of sexual harassment. There are 
many instances, though, where foster parents were not thoroughly evaluated. In Gillette, 
Wyoming, Homer and Beth Griswold were allowed to take in foster care children; however, when 
Beth was occupied, Homer would go downstairs and molest two of the girls they had taken in [3].  
Had anyone spent a couple of hours checking his background, they would have found previous 
allegations of abuse and harassment in Homer Griswold’s background. Two innocent girls were 
victims of a crime that could have easily been avoided if the proper precautions were taken.  

Another problem that affects the well-being of children once they are placed into foster care 
is the lack of continuous check-ups. In Atlanta, Terrell Peterson had such a significant amount of 
injuries  that the medical examiner gave up counting them; such injuries included a broken nose, 
deep cuts above his right ear, scars on his forehead along with bruises on his back, and unhealed 
third-degree burns on the bottom of his feet. The woman who had become his foster grandmother 
had tied him with panty hose and belts to a banister and beaten him. Terrell, who was six years 
old and only 29 pounds when he died, suffered a tragic death that could have been prevented if 
his social worker had made the effort to check in on him more frequently [3]. His injuries were 
long term and could have been easily noticeable to a social worker if one had stopped by. 
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However, Terrell was left lingering in his foster care home, waiting for someone who could save 
him and take him out of this misery, only to see the door of hope close as he faced his unfortunate 
death.  

One reason for the failure to check up on children in foster care is that the current law makes 
it very difficult to prove criminal negligence on the part of the social worker.  As [4] explains in 
“The Forgotten Children of the Foster Care System: Making a Case for the Professional Judgment 
Standard,” the current liability standard of “deliberate indifference” has allowed case workers to 
neglect their duty because “when a case worker repeatedly fails to perform mandated visits, home 
studies, and other duties, and, as a result, is unaware that the foster care child is being 
maltreated,” the case worker’s conduct will be tolerated instead of penalized as long as there is 
no evidence of “deliberate indifference” ([4], p. 222).  [4] recounts the case of Cody, who was only 
fourteen months old when he was abandoned by his mother and placed in state custody. When 
he was almost three, he was placed with Marie Wilkes who fostered and later even adopted him. 
During his time in Wilkes’ household, Cody suffered terrible abuse: 

Wilkes beat the young child with a broom handle, hammers, and high-heeled shoes; 
repeatedly whipped him with a belt severely enough to require hospital treatment; 
deprived him of food and water for days at a time; forced him to eat his own feces; tied 
him to a bedpost; locked him in a dog cage and more. ([4], p. 223) 

It took three years for the Department of Children and Families (DCF) to finally remove Cody 
from Wilkes’ custody. One of the several reasons that the DCF failed to protect Cody from such 
horrendous abuse is that although the doctor who cared for him during one of several 
hospitalization prior to adoption reported his suspicion to the case worker, DCF performed only a 
brief investigation and “failed to explore whether Cody’s repeated bouts of severe dehydration 
were the results of maltreatment” ([4], p. 223). Furthermore, Cody’s case worker failed to make 
numerous mandatory monthly visits to the Wilkes home ([4], p. 223). Instead of examining the 
evidence of abuse and removing Cody from Wilkes’ home, DCF allowed Cody’s abuser to adopt 
him.  

Case workers also often overlook the requirements for safety precautions for children with 
disabilities. In Bibb County, Georgia, a girl with cerebral palsy was placed in a home with a 
swimming pool; she was left unattended and drowned [3]. There were no gate locks around the 
pool to ensure that she would not accidentally fall in when a guardian was not around. The foster 
care system does check for the basics of home safety according to the child’s age, but the system 
does not always check to be sure that the home fits the need for children with disabilities. A child 
with disabilities should not be placed into a home if the home does not acquire the specific 
amenities to care for them such as a wheel chair ramp for those who are handicapped or locks 
on the doors high enough to be beyond the reach of children who are known to have a sleep 
walking disorder. 

Meanwhile, children who do struggle with behavioral and psychological issues are poorly 
prepared by the foster care system to seek help once they exit it. In “Knowledge of and Attitudes 
Towards Behavioral Health Services Among Older Youth in the Foster Care System,” [5] have 
examined knowledge of and attitudes toward available services among a group of 17-year olds 
who had been given psychiatric diagnosis and were preparing to exit the foster care system ([5], 
p. 97). This group of children is especially vulnerable because they will continue to need access 
to mental health services long after they leave the foster care system. Yet, the study found that 
they were largely unprepared for life after foster care. While many youths reported a need for 
help, few of them were able to name providers or explain why they needed help ([5], p. 107). 
While the participants in the study were more knowledgeable about “substance use services,” 
they did not have “specific knowledge regarding what to do when faced with situations evidencing 
depression and danger to others” ([5], p. 108). Male youths in need of these services were 
particularly vulnerable because they possessed less “behavioral health literacy” compared to their 
female peers, possibly because of the cultural expectations of American society, in which, 
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“females are more often socialized to reach out for help, while males are often advised to keep 
their emotions inside and face difficulties on their own” ([5], p. 108). The authors argue that more 
effort and money need to be invested in order to educate children who are about to exit the system 
regarding how to make use of the health services available to them. 

While it is important to make sure that children in the foster care system are safe and their 
physical and psychological health is properly looked after, it is just as important to realize that 
children in the foster care system are like all other children and their needs go beyond these basic 
ones. In their article “‘In the System:’ A Qualitative Study of African-American Women’s Foster 
Care Stories,” [6] have examined the responses of six African-American women between the 
ages of 18 and 57 who aged out of the foster care system. One of them, identified as Felicia, 
reported that while she liked that her “needs were being met” and “her parents did the best they 
could,” she regretted “being the housekeeper,” being “the nanny” for her younger siblings, and 
was not given “the chance to do what other teens were doing” ([6], p. 91).   

As [7] have pointed out in “Exploration of the American Foster Care System: An Experiential 
Account,” often the foster homes are prepared to meet the “needs dictated by the first two levels 
of Maslow’s hierarchy of needs” ([7], p. 53). However, once these needs are met, “children in care 
are in a position to grow, develop and begin to process where they are in their lives and what their 
surroundings mean to them” ([7], p. 53). Unfortunately the system does not grow and develop 
with them and, as a result fails to provide beyond the first two levels, such as “the need to belong 
and receive love, which is the third level of Maslow’s pyramid” ([7], p. 53). While it is important 
that children be rescued from the abuse and neglect they face in their biological families, failing 
to provide for all their needs, such as recreation and hobbies that would allow them to realize their 
talents, sends the message that they are second-class citizens.  

The current foster care system is also not providing the children in it with the opportunity to 
participate and thrive academically. According to a study by [8], children in foster homes are twice 
as likely to do poorly in school as other children. Casey Family Programs, a foundation that 
focuses mainly on the policies of foster care, has reported that 65 percent of foster children 
experience more than seven school changes during their K-12 education. According to Kathy 
Ledesma, the National Program Director of Adopt US kids, for every move “a child loses six to 12 
months of educational instruction, which is detrimental to academic achievement” [8]. Education 
is the foundation of a child’s future. A child who does not receive the proper education is not 
reaching his/her full potential. The effort to ensure that these children can amount to something 
and be successful must begin with the education they receive, which will enable them to survive 
on their own after they age out of the system.  
 
 

4. Conclusions 
 

Speaking on the subject of foster care, President Obama declared the following:  
All children deserve a safe, loving family to protect and care for them...These young people 

have specific needs and require unique support. Federal, State, and local 
governments, communities, and individuals all have a role to play in ensuring that 
foster children have the resources and encouragement they need to realize their hopes 
and dreams [8].    

So what can be done to ensure that the foster care system fulfills its mission?  Reforming the 
foster care system will require first of all a change of the legal standard of liability. Instead of the 
“deliberate indifference” standard, courts need to adopt what [4] has called “the professional 
judgment liability standard” so that case workers who fail to properly monitor the well-being of a 
child in care, for whatever reason, can be found liable. This will prevent case workers from cutting 
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corners at the children’s expense and provide an incentive for child protection services to hire 
more case workers. 

However, the reason for their failure to do so and indeed for many of the failures of the foster 
care system is that as budgets are forcing states to reduce spending, many are cutting programs 
that help the foster care system provide services for the children in it. A report from The Center 
on Budget and Policy Priorities indicates 46 states and the District of Columbia have sacrificed 
social services in the latest round of cuts [9]. More funding is needed to ensure that the foster 
care system can not only offer basic protection and safety for the children in its care, but also 
provide for all their needs so they will be able to thrive and contribute to society once they leave 
the foster care system instead of trying to find the connection they crave in gang affiliation or a 
life of crime [1]. This will require a renewed financial commitment, which will take the country time 
to adjust to, but it will give children a better present and the country a better future. 
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