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Letter from Dean Galvin

Dear College of Science Undergraduates,

As I write this letter, during an unprecedented time 
in our history, I am struck by the resilience you have 
demonstrated this semester. You have adapted quickly 
to an e-learning environment. You have utilized 
technology to its fullest potential to stay connected 
with your classmates, friends, and professors. At a 
time when we can’t physically be together on campus, 
you have worked hard to keep the spirit of the Notre 
Dame community alive. Thank you for all you are 
doing to make the most of this situation in which the 
COVID-19 pandemic has placed us.

During this time in particular, research has become vital to solving the world’s most pressing problems. 
8QGHUJUDGXDWHV�ZKR�SHUIRUP�VFLHQWL¿F�UHVHDUFK�DUH�ZHOO�SRVLWLRQHG�IRU�WKH�QH[W�VWHS�LQ�WKHLU�FDUHHUV��ZKHWKHU�
that path may lead to attendance in graduate or medical school, or to work in the private sector. Scientia, 
RXU�VWXGHQW�OHG�VFLHQWL¿F�MRXUQDO��SURYLGHV�1RWUH�'DPH�XQGHUJUDGXDWHV�ZLWK�WKH�RSSRUWXQLW\�WR�SXEOLVK�WKHLU�
UHVHDUFK��DQG�IXUWKHU�LOOXVWUDWHV�KRZ�VFLHQWL¿F�LQTXLU\�LQ�WKH�ODERUDWRU\�HYHQWXDOO\�PD\�EHFRPH�SXEOLVKHG�
research.

I am grateful to our many generous donors who have made it possible for Notre Dame undergraduates to 
XQGHUWDNH�VFLHQWL¿F�UHVHDUFK�RSSRUWXQLWLHV��7KHVH�RSSRUWXQLWLHV��ZKHWKHU�RQ�RU�RII�FDPSXV��GXULQJ�WKH�VXPPHU�
RU�DFDGHPLF�\HDU��JLYH�VWXGHQWV�VLJQL¿FDQWO\�LPSRUWDQW�H[SRVXUH�WR�ZRUNLQJ�LQ�D�ODERUDWRU\�VHWWLQJ�RU�¿HOG�
HQYLURQPHQW�ZLWK�SURIHVVLRQDO�VFLHQWLVWV�DQG�RWKHU�H[SHUWV�LQ�WKHLU�¿HOGV��7KHVH�H[SHULHQFHV�DOORZ�IRU�D�GHHSHU�
GLYH�LQWR�D�VSHFL¿F�DUHD�RI�LQWHUHVW�IRU�HDFK�VWXGHQW��7KLV�SURFHVV��DORQJ�ZLWK�SXEOLVKLQJ�WKHLU�ZRUN�LQ�Scientia, 
helps prepare them for their future careers.

7KLV�LVVXH�PDUNV�WKH�¿UVW�WLPH�WKDW�Scientia is being published and distributed primarily online. This is perhaps 
D�¿WWLQJ�H[DPSOH�RI�KRZ�RXU�VWXGHQWV�KDYH�DGDSWHG�WR�RXU�QHZ�UHDOLW\�RI�EHLQJ�SK\VLFDOO\�VHSDUDWHG�EXW�XQLWHG�
LQ�VSLULW�DQG�JRDOV��1RZ��PRUH�WKDQ�HYHU��WKH�VFLHQWL¿F�LQTXLU\�RI�\RX��RXU�VWXGHQWV��LV�YLWDOO\�LPSRUWDQW�WR�WKH�
challenges our world faces. I’m proud of you and the Notre Dame community we share, and I look forward to 
when we as a community can reconvene on campus.

In Notre Dame,

Mary E. Galvin, Sc.D.

William K. Warren Foundation Dean of the College of Science
Professor of Chemistry
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Letter from the Editors

Since its inception in 2009, Scientia has been dedicated to 
promoting the research of undergraduates. This dedication is 
UHÀHFWHG�WKURXJK�WKH�SURGXFWLRQ�RI�WKLV�MRXUQDO��SODWIRUPV�VXFK�
DV�µ7DON�6FLHQFH¶�VHPLQDUV��¿QDQFLDO�VXSSRUW�IRU�XQGHUJUDGXDWH�
research through the Charles Edison Foundation Fellowship, 
and a renewed social media effort to strengthen both reach and 
involvement. The goal of our endeavors throughout the academic 
year has been to highlight the accomplished students and faculty 
who make up our College of Science community at Notre Dame. 
We are especially honored and grateful to have included our 
Charles Edison Fellows, Rachel Hughes and Andrea Lebron, 
in our 2020 publication and February Talk Science seminar 
respectively. With the support of both the Foundation and Notre 
Dame’s College of Science, Scientia is able to offer this award in 
its fourth year. 

In addition to continuing the Student Spotlight section to 
highlight talented undergraduates and their research endeavors, 
we have introduced an Alumni Spotlight to feature the 
groundbreaking research of Dr. Elizabeth Berry-Kravis ’79. One 
RI�WKH�¿UVW�ZRPHQ�WR�DWWHQG�1RWUH�'DPH��'U��%HUU\�.UDYLV�KDV�
advanced the study of Fragile X syndrome and other rare diseases.

With Notre Dame switching to online classes on March 23, 2020, Scientia entered an unprecedented period 
and relied on the innovative thinking of its board members and advisory staff. Given the unique challenges that 
WKLV�SUHVHQWHG��WKH�GHFLVLRQ�ZDV�PDGH�WR�IRFXV�RQ�DQ�RQOLQH�SXEOLFDWLRQ�IRU�WKLV�MRXUQDO�DQG�FRQVLGHU�SK\VLFDO�
printing later in the fall. We are grateful for the access, provided by the University, to graphic design software 
that made remote coordination possible, and to our layout team who worked hard to make the online copy 
available despite these challenges.

:H�DUH�H[FLWHG�WR�SDVV�Scientia’s leadership in the 2020-2021 academic year to Aidan Crowley and Lauren 
English, two talented rising seniors with backgrounds in neuroscience, bioethics, and interdisciplinary research. 
7KH\�ERWK�KDYH�GHGLFDWHG�WLPH�DQG�HIIRUW�WR�SURPRWH�6FLHQWLD�DQG�VFLHQWL¿F�OLWHUDF\�DW�RXU�8QLYHUVLW\��DQG�ZH�
DUH�WKULOOHG�WR�VHH�ZKHUH�WKLV�MRXUQDO�ZLOO�JR�LQ�WKH�FRPLQJ�\HDUV�

In Notre Dame,

Editors-in-Chief

Rosie Crisman & Vaishali  Nayak
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ON THE FRONT AND BACK COVERS
Each summer, dozens of student and faculty research-
ers trek to the University of Notre Dame Environmental 
Research Center (UNDERC) East property spanning 
northern Wisconsin and the Upper Pensinsula of Michi-
}>�°�/�iÞ�>Ài�Õ��wi`����Ì�i�À�`iÃ�Ài�Ì��V��`ÕVÌ�ÀiÃi>ÀV��
on the wide variety of aquatic and terrestrial habitats 
unique to the area. This year’s edition of Scientia includes 
three student research projects conducted at UNDERC. 
The image featured on this year’s front and back covers 
is taken at Tenderfoot Lake on the UNDERC property.
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THE UNIVERSITY OF 
NOTRE DAME

T  
he 1,250-acre campus of the University of Notre Dame is located on the north side of 

South Bend, Indiana, just 90 miles from Chicago. Founded in 1842 by Rev. Edward F. Sorin, 

C.S.C., a French Holy Cross priest, Notre Dame had very humble beginnings. Now, it is 

the preeminent Catholic educational institution in the United States, with an annual enrollment 

of 8,530 undergraduate students, and more than 1,300 professors, who together hold advanced 

degrees from major universities around the world. Notre Dame’s endowment is the 11th largest in 

the country, and research in science attracts more than $40 million in federal research funds each 

year.



4'5'#4%*
Want to get involved in undergraduate research?

For more information about undergraduate research 
opportunities at the University of Notre Dame, 

visit science.nd.edu/undergradresearch. 
Learn more about the Charles Edison Student Fellowship of 

Scientia on scientia.nd.edu or email scientia@nd.edu for details.
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Jenna E. Coalson, Ph.D, Assistant 
Professor of the Practice for the 
Department of Biological Sciences at 
Notre Dame, received her B.A. in Human 
Biology from Stanford University with 
a concentration in The Biological and 
Social Aspects of Infectious Disease. 
She went on to earn her M.P.H in 
International Health Epidemiology and 
her Ph.D in Epidemiologic Sciences 
from the University of Michigan. Dr. 

Coalson worked as a postdoctoral researcher at the University 
of Michigan’s School of Public Health before she became 
a postdoctoral fellow at the University of Arizona’s Center 
for Insect Science, then accepted her current position at the 
University of Notre Dame. In addition to teaching epidemiology 
and capstone research seminars for the M.S. in Global Health 
program, she conducts her own research with a focus on 
understanding the transmission dynamics of mosquito-borne 
disease to identify risk patterns and potential intervention 
strategies. Notable facets of Dr. Coalson’s work include 
studies of long-lasting-insecticide-treated nets in Western 
.HQ\D�� D� SURMHFW� RQ� LQYDVLYH�PRVTXLWR� VXUYLYDO� PHFKDQLVPV�
in the American southwest and research on the intransigence 
RI� PDODULD� ZLWK� WKH� ,QWHUQDWLRQDO� &HQWHU� RI� ([FHOOHQFH� IRU�
Malaria Research in Malawi. In her free time, Dr. Coalson loves 
FRRNLQJ��SOD\LQJ�WHQQLV��DQG�ZDWFKLQJ�1HWÀL[�

Matthew Champion, Ph.D, Associate 
Professor in the department of Chemistry 
and Biochemistry and principal 
investigator at the Champion Laboratory, 
earned his B.S. in Microbiology at the 
University of Iowa and pursued his 
3K�'�� LQ� %LRFKHPLVWU\� DW� 7H[DV� $	0�
University. Dr. Champion then worked 
for the Mass-Spectrometry-Proteomics 
Group at Applied Biosystems (AB 
6FLH[���+H�UHPDLQHG�WKHUH�IRU���ò��\HDUV�

after graduating, and then accepted a position as a Research 
Assistant Professor at the University of Notre Dame. He was 
named a Research Associate Professor and now serves as an 
Associate Professor at Notre Dame. The Champion Laboratory 
is in the analytical and biochemistry divisions of the Department 
of Chemistry and Biochemistry, specializing in Microbial 
Proteomics and Metagenomics. Their research focuses on 
WKH� GHYHORSPHQW� DQG� H[SORLWDWLRQ� RI� QRYHO� DSSURDFKHV� WR�
identify and characterize the components of secreted proteins 
from virulent microorganisms. Dr. Champion’s lab has 
VHYHUDO� RQJRLQJ� SURMHFWV� LQ� SDWKRJHQLF�P\FREDFWHULD�� SURWHLQ�
translation in E. coli through the PTRN, and quantitative 
microbial separations measured using capillary electrophoresis.

Juan Del Valle, Ph.D, William K. 
Warren Family Associate Professor, 
graduated from Carleton College in 
Minnesota in 1999 with his B.A. in 
Chemistry. He then went on to earn his 
Ph.D. in Chemistry from the University 
of California San Diego in 2004. From 
���������� 'HO� 9DOOH� ZRUNHG� DV� D�
postdoctoral scholar at the University 
of Montreal. He then taught as an 
DVVLVWDQW�SURIHVVRU�DW�1HZ�0H[LFR�6WDWH�

8QLYHUVLW\� IURP� ���������� DQG� DW� WKH� 8QLYHUVLW\� RI� 6RXWK�
)ORULGD�DQG�0RI¿WW�&DQFHU�&HQWHU� IURP������������ ,Q�������
Del Valle was promoted to associate professor at the University 
of South Florida and continued to teach in that role until 2019, 
ZKHQ� KH� MRLQHG� WKH� 1RWUH� 'DPH� 'HSDUWPHQW� RI� &KHPLVWU\�
and Biochemistry. Research in the Del Valle lab utilizes 
organic chemistry to address challenges in drug discovery 
and molecular recognition, and is particularly focused on the 
structure-based design of biologically active peptidomimetics 
DQG�VPDOO�PROHFXOHV��'HO�9DOOH�VKDUHV�WKDW�KH�HQMR\V�UHVHDUFK�DW�
Notre Dame because of the outstanding colleagues and students 
DV�ZHOO� DV� WKH� FRPPLWPHQW� WR� H[FHOOHQFH� KH� KDV� H[SHULHQFHG�
here. In his free time, he likes to play pick-up soccer and try 
new winter activities with his wife and two sons.

Susan Del Valle, Ph.D, assistant 
teaching professor, received her B.A. 
in Veterinary Pharmacology from the 
8QLYHUVLW\�RI�)ORULGD�LQ�������6KH�WKHQ�
received her M.S. in Chemistry in 2001 
and her Ph.D. in Chemistry in 2004 
both from the University of California 
San Diego. Del Valle then worked as a 
SRVWGRFWRUDO�VFKRODU�IURP�����������DW�
the Universite de Montreal. She worked 
as an editorial assistant for Organic 

Letters, published by the American Chemical Society, from 
����������� 'HO� 9DOOH� WKHQ� ZHQW� RQ� WR� WHDFK� DV� DQ� DGMXQFW�
SURIHVVRU� DW� WKH� 8QLYHUVLW\� RI� 7DPSD� IURP� ����������� 6KH�
continued to teach at the University of Tampa as an assistant 
SURIHVVRU� RI� LQVWUXFWLRQ� IURP� ���������� EHIRUH� MRLQLQJ� WKH�
University of Notre Dame Department of Chemistry and 
Biochemistry in 2019. Del Valle received the American Peptide 
6RFLHW\�$ZDUG�IRU�6LJQL¿FDQW�&RQWULEXWLRQV�LQ������DQG�WKH����
Year of Service Recognition Award from the American Chemical 
6RFLHW\�LQ�������'HO�9DOOH¶V�UHVHDUFK�LQFOXGHV�GHWHUPLQLQJ�KRZ�
general chemistry course materials and teaching methods can 
be improved to better foster critical thinking, problem solving, 
DQG� VFLHQWL¿F� FRPPXQLFDWLRQ� VNLOOV�� 6KH� LV� DOVR� LQYROYHG� LQ�
community outreach through her connection with the American 
Chemical Society. 

College of Science New Faculty Spotlight
MEGAN HILBERT,  EMILY KOZLOWSKI, JULIA ZAPPA
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Guosheng Fu, Ph.D., Robert and Sara 
Lumpkins Assistant Professor in the De-
partment of Applied and Computational 
Mathematics and Statistics, earned his 
B.S. in mathematics from Nankai Uni-
versity in 2011. He then went on to earn 
both an M.S. in Mathematics and a M.S. 
in Aerospace Engineering and Mechan-
ics from the University of Minnesota, 
Twin Cities in 2014, as well as Ph.D. 
in Mathematics from the University 

RI�0LQQHVRWD��7ZLQ�&LWLHV�LQ�������ZKHUH�KH�DOVR�FRPSOHWHG�
a thesis titled, “Devising superconvergent HDG methods by 
0�GHFRPSRVLWLRQV´��)X�ZRUNHG�IURP�����������DV�D�WHDFKLQJ�
assistant and research assistant at the University of Minnesota, 
Twin Cities, and went on to work as Prager Assistant Professor 
of Applied Mathematics within the Division of Mathematics 
DW�%URZQ�8QLYHUVLW\�IURP������������6LQFH�FRPLQJ�WR�1RWUH�
Dame in July, 2019, Fu has taught both undergraduate and 
graduate students in Numerical Analysis courses and is cur-
rently focusing his research on numerical methods for partial 
differentials, discontinuous Galerkin methods, high order 
¿QLWH�HOHPHQW�PHWKRGV��DQG�FRPSXWDWLRQDO�ÀXLG�G\QDPLFV�DQG�
computational mechanics.

Nicholas Edelen, Ph.D., Assistant 
Professor in the Department of 
Mathematics, earned his B.Sc. in 
mathematics from the University of 
Edinburgh in 2012 and went on to earn 
his Ph.D. from Stanford University in 
������ (GHOHQ� FRPSOHWHG� KLV� 1DWLRQDO�
6FLHQFH� )RXQGDWLRQ� �16)�� IHOORZVKLS�
on “Regularity and free-boundary 
LQWHUDFWLRQ�RI�PHDQ�FXUYDWXUH�ÀRZ�DQG�
constant mean curvature surfaces” at 

MIT where he also worked as a CLE Moore instructor. Here 
at Notre Dame, Edelen studies geometric analysis and measure 
theory, where he has a focus on minimal surfaces, especially 
near their singularities. He also works on the structure of 
VLQJXODU�VHWV�DQG�PHDQ�FXUYDWXUH�ÀRZ�



NEWS

SPRING 2020 | VOL 11 | SCIENTIA | 9

NOEL VINCENT

Resorbable IVC Filters: Fighting for Better Embolism 
Protection
 Cardiovascular disease is among the most deadly 
FRQGLWLRQV�LQ�WKH�ZRUOG��3XOPRQDU\�HPEROLVP��3(��LV�RQH�W\SH�
of cardiovascular disease, and arises from blood clots in the 
lungs. Studies estimate over 1 million people in the United 
States suffer from PE each year, suggesting that biotechnolog-
ical innovations within this area have a massive addressable 
market.
 The risk of PE spikes during periods of hypercoag-
ulability, which occurs when the body defensively enhances 
the blood’s ability to clot under certain stressful situations. 
7KLV�PHDQV�WKDW�WKH�LQGLYLGXDOV�ZLWK�WKH�KLJKHVW�ULVN�SUR¿OHV�
include surgical patients, the bed-ridden, and those undergoing 
chemotherapy. In fact, cancer patients are four times more 
likely to develop blood clots than the general population. 
 Traditionally, for patients at risk of PE, physicians 
GHSOR\�D�FDJH�OLNH�GHYLFH�LQ�WKH�LQIHULRU�YHQD�FDYD��,9&��
which would intercept an embolus en route from the deep 
YHLQV�RI�WKH�ORZHU�H[WUHPLWLHV�WR�WKH�KHDUW�DQG�OXQJV��7KLV�,9&�
¿OWHU�ZRXOG�NHHS�WKH�HPEROL�DZD\�IURP�VHQVLWLYH�RUJDQV�ORQJ�
enough for the body to naturally dissolve the clot. In recent 
\HDUV��,9&�¿OWHU�XVH�KDV�JDLQHG�SRSXODULW\�ZLWK�WKH�DGYHQW�RI�
UHWULHYDEOH�,9&�¿OWHUV�²��WKRVH�WKDW�FDQ�EH�UHPRYHG�RQFH�WKH�
period of hypercoagulability has passed. The issue with these 
UHWULHYDEOH�,9&�¿OWHUV�LV�WKDW�PRVW�SDWLHQWV�IDLO�WR�UHWXUQ�IRU�
WKH�IROORZ�XS�H[WUDFWLRQ�SURFHGXUH��)DLOXUH�WR�UHPRYH�DQ�,9&�
¿OWHU�FRXOG�OHDG�WR�GHYDVWDWLQJ�FRQVHTXHQFHV�LI�QRW�GHDWK��
� ,Q�SDUWQHUVKLS�ZLWK�WKH�8QLYHUVLW\�RI�7H[DV�0'�$Q-
derson Cancer Center, the College of Science at the University 
of Notre Dame sends a group of students to Houston each 
VXPPHU�WR�WDNH�SDUW�LQ�UHVHDUFK�SURMHFWV�FDUULHG�RXW�DW�RXU�
nation’s leading cancer research hospital. In the Department 
RI�,QWHUYHQWLRQDO�5DGLRORJ\�RI�WKH�8QLYHUVLW\�RI�7H[DV�0'�
Anderson Cancer Center, the Melancon Lab is developing 
new resorbable solutions to address PE. “There is a growing 
need for temporary medical devices.  However, most of the 
ones available in the market are made up of metallic implants 
that need to be retrieved after the prophylactic period,” says 
Dr. Marites Melancon. “Our goal is to develop devices that 

could resorb at the time when it is needed and vanish when 
QRW�QHHGHG�´�7KHVH�QHZ�UHVRUEDEOH�,9&�¿OWHUV�DUH�PDGH�IURP�
SRO\GLR[DQRQH��WKH�VDPH�PDWHULDO�WKDW�UHVRUEDEOH�VXUJLFDO�
VXWXUHV�DUH�PDGH�IURP��2QFH�GHSOR\HG��WKHVH�QHZ�¿OWHUV�ZLOO�
prevent permeation of emboli during at-risk hypercoagulable 
period and then dissolve via hydrolysis, thus bypassing the 
need for a secondary retrieval procedure. 
� 7KH�PDMRU�GLI¿FXOW\�LQ�XVLQJ�WKHVH�QHZ�,9&�¿OWHUV�LV�
WKDW��XQOLNH�WUDGLWLRQDO�PHWDOOLF�¿OWHUV�WKDW�DUH�KLJKO\�UDGL-
RSDTXH��DEVRUEDEOH�,9&�¿OWHUV�PDGH�XS�RI�SRO\GLR[DQRQH�DUH�
radiolucent, effectively invisible under radiography. “We also 
need a way to monitor these implants to determine whether 
WKH\�DUH�LQ�SODFH�DQG�ZRUNLQJ�ZHOO��RU�QRW��´�VD\V�0HODQFRQ��
5DGLRJUDSKLF�FRQ¿UPDWLRQ�JXLGHV�WKH�VDIH�GHSOR\PHQW�DQG�
PRQLWRULQJ�RI�,9&�¿OWHUV��DQG�ZLWKRXW�DGHTXDWH�LPDJLQJ��SK\-
VLFLDQV�FRXOG�ORVH�WUDFN�RI�WKH�¿OWHU��
 Thus, the development of a resorbable yet high 
FRQWUDVW�VROXWLRQ�WR�3(�EHFDPH�RQH�RI�WKH�REMHFWLYHV�RI�WKH�
0HODQFRQ�/DE��7R�LQGXFH�UDGLRSDFLW\�LQ�SRO\GLR[DQRQH��WKH�
lab infused biocompatible metallic nanoparticles within the 
SRO\PHU��7KH�GLIIHUHQFH�LV�DSSDUHQW�LQ�WKH�¿JXUH�EHORZ��ZKHUH�
D�SRO\GLR[DQRQH�¿OWHU�LQIXVHG�ZLWK�ELVPXWK�QDQRSDUWLFOHV�
�%L13�33'2��LV�LPDJHG�QH[W�WR�D�FRQWURO�SRO\GLR[DQRQH�
�33'2��¿OWHU�
 By solving the contrast issue, and inducing radiopac-
LW\�LQ�WKH�¿OWHUV��WKLV�LQQRYDWLYH�VROXWLRQ�DOORZV�D�UHVRUEDEOH�
,9&�¿OWHU�WR�EH�SODFHG�LQ�WKH�ERG\�WKURXJK�DQ�LPDJH�JXLGHG�
SURFHGXUH��7KH�GHYLFH�WKHQ��XQOLNH�FRQYHQWLRQDO�¿OWHUV��ZRXOG�
dissolve after the high-risk hyper coagulable phase.
 Partnership is essential in the development of these 
devices. Melancon spoke about her collaboration with “ bio-
tech companies, such as Adient Medical” which allows them 
to “easily translate this technology in the clinics.” She contin-
ued on to say “MD Anderson is also unique because we have 
multiple core labs where we can do our research.” Partnerships 
OLNH�WKHVH�DOORZ�IRU�PRUH�HI¿FLHQW�LQQRYDWLRQ��SDYLQJ�WKH�ZD\�
IRU�D�¿QDO�SURGXFW�WKDW�FDQ�VDYH�OLYHV�LQ�WKH�FOLQLF��

CXCL5/CDRC2 Signaling Promotes Breast Cancer 
Metastasis in Bone
MATTHEW GUGGENBILLER
 Metastasis describes the spread of cancerous cells 
from the primary tumor location to distant organs and is the 
primary cause of morbidity and mortality of cancer, with some 
estimates suggesting 90% of cancer-related deaths can be 
attributed to metastasis. Bone is the most common metastatic 
site for many cancers, since the environment surrounding bone 
is rich in nutrients and growth factors. While some metasta-

sized cells proliferate quickly, others  are able to lie dormant in 
bone, avoiding typical detection and treatment methods. These 
dormant cells can be reactivated and subsequently colonize 
ERQH�XSRQ�ELQGLQJ�RI�VSHFL¿F�VLJQDOLQJ�PROHFXOHV�
 Dr. Laurie Littlepage and her team at the Harper 
Cancer Research Institute focus their research on breast cancer 
metastasis in bone since bone metastases are correlated with 
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ALEXANDRA NOBLE
� 7KURXJKRXW�WKH�ORQJ�KLVWRU\�RI�VFLHQWL¿F�EUHDN-
WKURXJKV�DQG�H[SHULPHQWDWLRQ��D�FRPPRQ�WKHPH�KDV�SHUVLVWHG��
7KH�SDWK�WR�VFLHQWL¿F�GLVFRYHU\�LV�XQSUHGLFWDEOH��:KHWKHU�
LW¶V�GHFRGLQJ�FRPSOH[�SURFHVVHV�RU�RYHUFRPLQJ�D�WKHRUHWLFDO�
roadblock, researchers face adversity and hardship on the road 
to discovery. Researchers from the University of Notre Dame 
HQFRXQWHUHG�WKHLU�RZQ�VFLHQWL¿F�VWUXJJOHV�DV�WKH\�DWWHPSWHG�
WR�REVHUYH�D�VSHFL¿F�W\SH�RI�LQWHUIHUHQFH��NQRZQ�DV�D�)DQR�
interference. This unique kind of interference is a type of 
resonant scattering that gives rise to an asymmetric line-shape. 

The First Observation of Fano Interferences Using 
Electron Microscopy

For almost a decade, Jon Camden, professor and director of 
Undergraduate Studies in the Departments of Chemistry and 
Biochemistry, and his team have been working to observe a 
Fano interference using electron microscopy, a technique for 
obtaining high-resolution images of nanoscopic specimens. 
,Q�JHQHUDO��WKLV�SURMHFW�LQYHVWLJDWHG�WKH�FRXSOLQJ�EHWZHHQ�
plasmonic nanoparticles, which are metallic particles that are 
KLJKO\�HI¿FLHQW�LQ�DEVRUELQJ�DQG�VFDWWHULQJ�OLJKW���
 “This was a long process, longer than most things 
I’ve done,” said Camden. Since coming up with the idea in 

LQFUHDVHG�PHWDVWDVLV�WR�RWKHU�WLVVXHV��VLJQL¿FDQWO\�GHFUHDVHG�
overall survival, and increased risk for pain associated with 
tissue destruction. Roughly 73% of women diagnosed with 
breast cancer display bone metastases at the time of their 
death, but a thorough understanding of the mechanisms 
underlying metastasis in bone is lacking. Although general 
treatment options for metastatic breast cancer have progressed 
VLJQL¿FDQWO\�LQ�UHFHQW�GHFDGHV��LQYHVWLJDWLRQ�RI�EUHDVW�FDQFHU�
metastasis in bone serves not only to facilitate the develop-
PHQW�RI�PRUH�HI¿FDFLRXV�WUHDWPHQW�RSWLRQV�EXW�DOVR�WR�VSXU�
the development of more effective detection and prevention 
techniques for breast cancer metastasis. 
 In a paper recently published in Nature Commu-
nications, Littlepage and her team described the binding of 
&;&/���D�FKHPRNLQH��WR�LWV�UHFHSWRU��&;&5���DV�FULWLFDO�WR�
driving metastasized cells out of dormancy to form tumors 
in bone. They concluded that cancerous cells secrete more 
&;&/��WKDQ�QRUPDO�ERQH�FHOOV��ZKLFK�LQFUHDVHV�SUROLIHUDWLYH�
capability of cancerous cells. 
  Littlepage’s work not only highlights potential ther-
DSHXWLF�WDUJHWV�LQ�&;&/��&;&5��DQG�WKH�VLJQDOLQJ�WKH\�UHJ-
ulate but also describes and highlights a new 3D cell culture 
system they developed that will be useful in researching the 
initiation of metastatic colonization of bone tissue. 
� ³8QGHUVWDQGLQJ�WKH�FULWLFDO�PRPHQW�²�ZKHQ�FDQFHU-
RXV�FHOOV�EHJLQ�WR�FRORQL]H�ERQH�²�SHUPLWV�D�PRUH�WKRURXJK�
understanding of tumor growth and potential ways to prevent 
or eliminate these tumors,” said Littlepage, Campbell Family 
Assistant Professor of Cancer Research at Notre Dame. 
 With this model of metastatic proliferation devel-
oped, Littlepage and her lab have begun research into poten-
WLDO�WKHUDSHXWLF�RSWLRQV�WKDW�PD\�ZHDNHQ�&;&/��&;&5��
signaling. Subsequent work has demonstrated that inhibitors 
of CXCR2 decreased the proliferative ability of breast cancer 
FHOOV�LQ�ERQH��:KLOH�SUHYHQWLQJ�&;&/��&;&5��VLJQDOLQJ�
PD\�EH�EHQH¿FLDO�DW�VWRSSLQJ�ERQH�PHWDVWDVLV��&;&/��
CXCR2 signaling in other unaffected tissues is integral for 
normal functioning. Hence, as Littlepage describes, “Directing 
potential therapies only to affected regions may be integral 
in limiting side effects resulting from aberrant inhibition 
RI�&;&/��&;&5��LQWHUDFWLRQV�´�1RQHWKHOHVV��WKHUDSHXWLF�

FDQGLGDWHV�WDUJHWLQJ�&;&/��&;&5��LQWHUDFWLRQV�KDYH�LP-
mense potential in decreasing proliferative ability, especially 
as “these candidates could work in combination with already 
utilized therapies.” 
  The Littlepage lab’s research into the evaluation 
RI�WKH�UROH�RI�&;&/��&;&5��VLJQDOLQJ�LQ�ERQH�PHWDVWDVHV�
originating from primary sites could provide valuable insight 
into metastatic proliferation and tumor formation as a whole. 
Further insight into the mechanism underlying the increased 
SUROLIHUDWLRQ�FDXVHG�E\�&;&/��&;&5��VLJQDOLQJ�PD\�
provide a solid foundation for research into the proliferative 
ability in other metastatic locations, especially in identifying 
key signaling molecules.
� 7KLV�UHVHDUFK�EHQH¿WHG�IURP�WKH�LQWHUGLVFLSOLQDU\�
research environment that is supported by the Harper Cancer 
Research Institute and the University of Notre Dame. An inte-
JUDO�FROODERUDWRU�RQ�WKLV�SURMHFW�ZDV�'U��*OHQ�1LHEXU��SURIHV-
sor in the Department of Aerospace and Mechanical Engineer-
ing, who also studies bone mechanobiology. Ricardo Romero 
Moreno, a Notre Dame graduate student in the Littlepage lab, 
led the completion of the described research with collabora-
tion from other members of the Littlepage and Niebur labs. 
This research has been supported by generous support from 
the Kelly Cares Foundation and previously from the Walther 
Cancer Foundation.

Laurie Littlepage, Ph.D. and a student in the Littlepage lab
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sity of Notre Dame. He is the lead organizer for the Malaria 
DREAM (Dialogue for Reverse Engineering Assessments and 
0HWKRGV��&KDOOHQJH��D�FURZGVRXUFLQJ�SURMHFW�XQLWLQJ�VFLHQ-
tists, engineers and coders from across the globe to address 
obstacles in combating malaria.
 The goal of the Malaria DREAM Challenge is to 
develop computational models for predicting and understand-
ing the molecular mechanisms of artemisinin drug resistance. 
2YHU�WKH�GXUDWLRQ�RI�WKH�'5($0�&KDOOHQJH�LQ�����������
teams from over 30 countries answered the call to participate.

 Malaria is a neglected infectious disease transmitted 
through female anopheline mosquitoes. It most commonly 
affects people in developing countries, predominantly Sub-Sa-
haran Africa, and is a growing global health issue that claimed 
WKH�OLYHV�RI�QHDUO\�KDOI�D�PLOOLRQ�SHRSOH�LQ������DFFRUGLQJ�WR�
the World Health Organization. In addition to this high death 
toll, there is an increasing risk that emerging drug resistance 
WR�DUWHPLVLQLQ�²�WKH�PDLQ�DQWL�PDODULDO�GUXJ�²�FRXOG�VSUHDG�
from Southeast Asia to Africa. Geoffrey Siwo is a research As-
sistant Professor currently specializing in genomic medicine, 
FRPSXWDWLRQDO�ELRORJ\�DQG�DUWL¿FLDO�LQWHOOLJHQFH�DW�WKH�8QLYHU-

EMILY HUNT

Malaria DREAM Challenge Revolutionizes 
Approaches to Scientific Research

������&DPGHQ�DQG�KLV�WHDP�KDYH�ZRUNHG�H[WHQVLYHO\�DQG�
collaboratively to observe this complicated effect in elec-
tron microscopy. Camden credits the success of this work to 
VLJQL¿FDQW�FROODERUDWLRQ�ZLWK�D�WHDP�RI�UHVHDUFKHUV�DFURVV�WKH�
country. The University of Notre Dame started its work with 
the Center for Nanophase Materials Science at Oak Ridge 
1DWLRQDO�/DERUDWRU\��251/��LQ�������:KHQ�ZRUNLQJ�RQ�WKLV�
SDUWLFXODU�SURMHFW��251/�ZRXOG�FRQGXFW�WKH�PHDVXUHPHQWV�LQ�
its ultra-high-resolution scanning transmission electron micro-
VFRSH��)URP�WKHUH��WKH�H[SHULPHQWDOLVWV�FROODERUDWHG�ZLWK�ERWK�
David J. Massiello at the University of Washington and Philip 
D. Rack at the University of Tennessee. 
� &DPGHQ¶V�UHVHDUFK�WHDP��ZKRVH�H[SHUWLVH�OD\V�LQ�WKH�
spectroscopy of plasmonic structures, worked closely with the 
theoretician David Massiello at the University of Washington. 
³:H�FDPH�XS�ZLWK�VRPH�LGHDV�WKDW�DW�¿UVW�PRVWO\�GLGQ¶W�ZRUN�´�
VDLG�&DPGHQ��ZKHQ�UHÀHFWLQJ�RQ�WKH�JURXS¶V�HDUO\�PHHWLQJV��
Camden and Massiello would present their ideas to Racks’s 
WHDP�RI�H[SHUW�PDWHULDO�VFLHQWLVWV�DW�WKH�8QLYHUVLW\�RI�7HQQHV-
see, who would then communicate to the other teams what 
structures they could and could not fabricate. This allowed the 
researchers to focus their energy on systems that might work. 
The constant communication between partnering laboratories 
DQG�XQLYHUVLWLHV�FDSLWDOL]HG�RQ�WKH�H[SHUWLVH�RI�HDFK�UHVHDUFK�
group. 
� 'XULQJ�WKHLU�\HDUV�RI�H[SHULPHQWLQJ�ZLWK�GLIIHUHQW�
materials to observe the coupling process between the plas-
monic particles, the researchers tested this mechanism with 
different rod lengths, metals, substrates, and combinations. 
³5RGV�SURYLGH�YHU\�QDUURZ�SODVPRQ�UHVRQDQFHV�²�WKLV�LV�QHF-
essary to obverse the Fano interference,” said Camden. Even-
tually, they developed what is called the “lollipop structure,” 
which consists of one single rod and a broad disk. An electron 
SUREH�ZDV�ORFDWHG�QH[W�WR�WKH�GLVN�DQG�LQ�WKH�RSSRVLWH�GLUHF-
tion of the rod. The disk, acting as an antenna, transmitted the 
energy of the electron probe to the rod. The resulting energy 
oscillations produced the asymmetric line-shape characteristic 
of Fano interferences, which is what the research team aimed 
to observe. Even after the initial discovery of this lollipop 

VWUXFWXUH��LW�WRRN�WKHLU�JURXS�DOPRVW�D�\HDU�DQG�D�KDOI�WR�UH¿QH�
this nanostructure to most accurately describe the observations 
of the Fano interferences published in their paper. 
 When asked what contributed to the successful 
REVHUYDWLRQ�RI�WKHVH�LQWHUIHUHQFHV��&DPGHQ�FLWHG�WKH�PDMRU�DG-
vancement in the energy resolution of the electron microscope, 
which improved by about two orders of magnitude during the 
time period of their research. This advancement allowed re-
searchers to better understand the plasmonic systems that they 
aimed to observe using electron microscopy. 
� 5HÀHFWLQJ�RQ�WKH�WULDO�DQG�HUURU�SURFHVV�LQYROYHG�
in creating the nanostructure and observing the interference, 
Agust Olafsson, a graduate student researcher studying ana-
lytic and physical chemistry in Camden’s research laboratory, 
QRWHV�WKDW�WKH�SURFHVV�ZDV�PRUH�WKDQ�MXVW�WULDO�DQG�HUURU��2ODIV-
son describes their discovery process as one in which “you 
aren’t always sure what you need until you see what you are 
PLVVLQJ�´�)DQR�LQWHUIHUHQFHV�DUH�DQ�H[FHSWLRQDOO\�FRPSOLFDWHG�
process to observe, which contributed to the long duration 
RI�WKLV�H[SHULPHQWDO�GLVFRYHU\��³,W¶V�D�GHOLFDWH�HIIHFW��DQG�LW¶V�
complicated, so it’s not always the easiest to describe,” said 
Camden. 
 When asked about his group’s work since the 
publication of the paper in Physical Review Letters, Camden 
mentioned that his team has “a lot of new ideas that we want 
to go forward with concerning the capabilities of the new 
LQVWUXPHQW�´�6SHFL¿FDOO\��WKH\�DUH�YHU\�LQWHUHVWHG�LQ�FRXSOLQJ�
the resonance of these nanoparticles, called plasmons, to the 
vibrations of molecules. The vibrations of these nanoparti-
cles, which can be light-capturing energy harvesters, allow 
scientists to selectively drive one reaction over another. In the 
particular nanostructures used for this research, there were 
RQO\�WZR�SDUWLFOHV��D�GLVN�DQG�WKH�URG��1RZ��&DPGHQ¶V�WHDP�
LV�LQWHUHVWHG�LQ�XQGHUVWDQGLQJ�KRZ�HQHUJ\�FDQ�ÀRZ�WKURXJK�D�
ODUJH�DUUD\�RI�QDQRSDUWLFOHV��)RU�WKHVH�UHVHDUFKHUV��WKH�¿UVW�RE-
VHUYDWLRQ�RI�)DQR�LQWHUIHUHQFHV�LV�MXVW�WKH�¿UVW�VWHS�WR�XQORFN-
LQJ�DQVZHUV�WR�VRPH�RI�WKH�NH\�TXHVWLRQV�LQ�WKLV�¿HOG�RI�
study. 
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 The DREAM Challenges approach to solving bio-
medical problems is not unique to malaria. However, previous 
DREAM Challenges have not been oriented toward neglected 
diseases such as malaria. Previous DREAM challenges include 
understanding single cell signaling in breast cancer, develop-
ing risk models for multiple myeloma, and identifying better 
methods for processing mobile sensor data collected by digital 
biomarkers for Parkinson’s disease. 
� 6LZR�LV�D�SLRQHHU�LQ�VSHFL¿FDOO\�XVLQJ�WKH�SODWIRUP�WR�
address global health issues and neglected diseases in devel-
oping countries. While working in research at IBM under Dr. 
Gustavo Stolovitzky, Siwo was inspired by the “power of 
the [DREAM Challenge’s] wide structure” and utilizing the 
“wisdom of the crowd [of participants in the Challenge]’’ to 
advance research. “If you have a problem, you can basically 
challenge anyone in the world to solve it,” said Siwo. “You 
FDQ�JHW�QHZ�LGHDV�IURP�SODFHV�WKDW�\RX�GLGQ¶W�H[SHFW��EHWWHU�
than what you would’ve even thought or predicted.”
� 7KH�1DWLRQDO�,QVWLWXWHV�RI�+HDOWK��1,+��VXSSRUWHG�
WKH�JUDQW�IRU�WKH�SURMHFW��ZKLFK�ZDV�IXQGHG�LQ�������:LWK�
additional support from Sage Bionetworks, biological samples 
and data from Dr. Michael Ferdig’s lab at Notre Dame (Siwo’s 
DGYLVRU�ZKHQ�KH�ZDV�D�3K�'��VWXGHQW���WKH�0DKLGRO�2[IRUG�
7URSLFDO�0HGLFLQH�5HVHDUFK�8QLW�LQ�7KDLODQG���DQG�WKH�7H[DV�
%LRPHGLFDO�5HVHDUFK�,QVWLWXWH�LQ�6DQ�$QWRQLR��7H[DV��6LZR�
DQG�KLV�WHDP�¿QDOO\�EURXJKW�WKH�GUHDP�IRU�WKH�SURMHFW�WR�IUXL-
WLRQ�QLQH�\HDUV�ODWHU��7KH�SURMHFW�ZDV�DOVR�EROVWHUHG�E\�D�WHDP�
of young scientists from eight countries in Africa who came 

WRJHWKHU�LQ�6RXWK�$IULFD�IRU�D�RQH�ZHHN�KDFNDWKRQ�¿QDQFHG�
by the H3Africa Bioinformatics Network and IBM Research 
Africa to provide a pre-challenge assessment of the datasets 
¿QDOO\�XVHG�LQ�WKH�0DODULD�'5($0�FKDOOHQJH��,Q�0DUFK�������
UHJLVWUDWLRQ�IRU�WKH�FKDOOHQJH�RI¿FLDOO\�RSHQHG��
� '5($0�&KDOOHQJHV�DUH�HVSHFLDOO\�EHQH¿FLDO�IRU�DG-
vancing research for diseases in developing countries because 
of the dearth of computational scientists working on these dis-
HDVHV��$FFRUGLQJ�WR�6LZR��LW�LV�GLI¿FXOW�WR�¿QG�GDWD�VFLHQWLVWV��
with both the necessary computational and biology skills to 
work on neglected diseases like malaria. “Many people good 
at [computational] modeling would rather go work on cancer 
or for companies like Facebook or Google,” said Siwo. How-
ever, he believes the crowdsourcing method is revolutionizing 
how researchers are approaching the world’s greatest problems 
in science. “It’s straying away from the common ‘here’s the 
paper, here’s what we did,’” said Siwo. “Now it’s ‘here’s the 
PRGHO��OHW¶V�VKRZ�\RX�H[DFWO\�ZKDW�ZH�GLG�¶´�
 Though the Challenge has recruited many teams and 
received generous funding from well-known donors such as 
WKH�%LOO�	�0HOLQGD�*DWHV�)RXQGDWLRQ��WKHUH�DUH�VLJQL¿FDQWO\�
less resources being allocated towards malaria in comparison 
to well-known illnesses, such as cancer, that are not concen-
trated in developing countries. Siwo is hopeful that future 
SURMHFWV�VLPLODU�WR�WKH�0DODULD�'5($0�SURMHFW�ZLOO�GUDZ�
more attention to diseases in developing countries.

Mimicking Biological Locomotion with Synchronized 
Coupled Oscillator Dynamics
 The movements of animals, from running to swim-
PLQJ�WR�À\LQJ��KDYH�D�FKDUDFWHULVWLF�UK\WKP�DQG�V\QFKURQL]D-
tion dynamics which inspired the development of bio-inspired 
robots. The secret behind the smooth rhythm of biological 
PRYHPHQW�²�LQFOXGLQJ�WKDW�RI�KXPDQV�²�OLHV�LQ�VSHFLDOL]HG�
QHXURQDO�FLUFXLWV�NQRZQ�DV�FHQWUDO�SDWWHUQ�JHQHUDWRUV��&3*V���
In humans, CPGs are located in the lower spinal cord, regu-
lating a host of movements including swallowing, breathing, 
and walking. A primary function of the CPG is to locally give 
ULVH�WR�FRPSOH[�UK\WKPLF�SDWWHUQV�IRU�ORFRPRWLRQ�DQG�VHDP-
less gait transition while receiving simple input signals from 
KLJKHU�UHJLRQV�LQ�WKH�EUDLQ��:KHQ�UXQQLQJ��IRU�H[DPSOH��\RX�
don’t need to consciously control each step. The brain can de-
OLYHU�PRGXODWRU\�VLJQDOV�WR�WKH�&3*�²�WR�DGMXVW�VSHHG�RU�JDLW��
IRU�H[DPSOH�²�EXW�&3*V�DUH�DEOH�WR�V\QFKURQL]H�PXVFOHV�WR�
maintain the rhythm and pattern of running without the central 
nervous system needing to control every movement.
 Most robots currently employ a centralized control 
V\VWHP�²�D�VLQJOH�³EUDLQ´�FRQWUROOLQJ�DOO�FRPSRQHQWV��7R�
develop better bio-inspired models for biological movement of 
robots, researchers at the University of Notre Dame are using 
newly-developed hardware to mimic the function of biological 

CPGs, potentially allowing for a decentralized control system 
more akin to biological motor systems. In a paper published 
in Nature Communication in July, entitled “Programmable 
coupled oscillators for synchronized locomotion,” a team of 
Notre Dame researchers led by Professor Suman Datta, in col-
laboration with the Georgia Institute of Technology, presented 
its work on a network of coupled phase-transition nano-oscil-
lators  that is able to mimic the functionality of a biological 
CPG.
 Dr. Sourav Dutta, a Notre Dame postdoctoral re-
search associate and primary author of the paper, said that this 
LV�QRW�WKH�¿UVW�WLPH�WKDW�HQJLQHHUV�KDYH�WULHG�WR�UHSOLFDWH�ELR-
ORJLFDO�&3*�IRU�URERWLF�FRQWURO��+RZHYHU��H[WUHPH�HQHUJ\�HI-
¿FLHQF\�DQG�FRPSDFWQHVV�LQ�GHVLJQLQJ�WKH�KDUGZDUH�OLHV�DW�WKH�
heart of developing autonomous locomotion for micro-robots 
WKDW�ZLOO�EH�FDSDEOH�RI�UHDO�ZRUOG�WDVNV�VXFK�DV�VSDWLDO�H[SORUD-
tion in energy-constrained environment. Dr. Dutta and his fel-
ORZ�UHVHDUFKHUV�KDYH�EHHQ�WU\LQJ�WR�DFKHLYH�WKLV�E\�H[SORULQJ�
unconventional methodologies of computing using emerging 
GHYLFHV�DQG�FLUFXLWV�DQG�XVLQJ�H[RWLF�IXQFWLRQDO�PDWHULDOV��
 “The entire research comes down to how you can 
make something in a very small footprint area. The area has to 

ANDREW CAMERON
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Removal of Vegetation Potentially Reduces the 
Transmission of River Blindness 
 Onchocerciasis, more commonly known as river 
EOLQGQHVV��LV�D�GLVHDVH�FDXVHG�E\�D�À\�ERUQ�ZRUP�LQIHFWLRQ��
The disease currently predominates in and around rivers of 
Sub-Saharan Africa, although it was previously common in 
regions of Latin America. The disease spreads through bites 
IURP�EODFN�ÀLHV��ZKLFK�EUHHG�LQ�IDVW�PRYLQJ�ULYHUV�DQG�RQ�ULY-
HULQH�YHJHWDWLRQ��:RUP�ODUYDH�DUH�WUDQVPLWWHG�WKURXJK�WKH�À\¶V�
saliva into the human body where they develop under the skin, 
causing irritation and infection. These worms can eventually 
migrate into the human eye and cause blindness. It is estimat-
HG�WKDW�DURXQG����PLOOLRQ�SHRSOH�WKURXJKRXW�WKH�ZRUOG�DUH�
affected by onchocerciasis, with almost one million of those 
people having some sort of visual impairment. 
 Onchocerciasis is both treatable and preventable. 
Although effective organization and development has been 
shown to effectively combat diseases like river blindness, 
currently, drugs are being distributed by institutions, such as 
the World Health Organization, as a mass preventive chemo-
therapeutic measure to control or interrupt the transmission 
of onchocerciasis in affected populations. Even with mass 
treatment, however, not all worms within an infected host are 
killed and surviving worms can live for up to 10 years. Addi-
tionally, although the distribution of drugs is free to the public 
as of now, it is hard to know if that will continue in the future. 
Because of this, it is important to consider other sustainable 
and cost-effective ways to treat and prevent river blindness.
 Dr. Edwin Michael, an epidemiologist in Notre 
Dame’s Biological Sciences department, has been researching 

river blindness and using mathematical models to understand 
and predict its transmission. Theoretical epidemiologists like 
Michael and his research group routinely work with control 
H[SHUWV�LQ�RUGHU�WR�HYDOXDWH�¿HOG�PHWKRGV�IRU�DFKLHYLQJ�ORQJ�
term sustainable disease transmission interruption, and believe 
that a new riverine vegetation removal technique, called slash-
and-burn, along with continuous drug treatment, may show 
the most promise in terms of effectively reducing transmission 
of river blindness in Sub-Saharan African communities. The 
slash-and-burn technique is where trailing riverine vegetation 
is cut and then thrown on riverbanks to dry, thereby killing 
DQ\�DWWDFKHG�DQG�PDWXULQJ�EODFN�À\�ODUYDH��%\�UHPRYLQJ�WKH�
vegetation required for larval development, transmission of 
the parasite would theoretically decrease as “there will be no 
KDELWDW�IRU�WKH�WUDQVPLWWLQJ�ÀLHV�WR�UH�HVWDEOLVK�VR�LW¶V�D�IDQWDV-
tically simple control method in that sense. It’s making control 
very self-sustainable and you’re interrupting transmission and 
SUHYHQWLQJ�LQPLJUDWLRQ�RI�ÀLHV�IURP�QHLJKERULQJ�VLWHV�EHFDXVH�
WKHUH¶V�QR�PRUH�KDELWDW�IRU�À\�GHYHORSPHQW�´
 The slash-and-burn method is free and can be orga-
QL]HG�E\�FRPPXQLW\�PHPEHUV��PDNLQJ�LW�H[WUHPHO\�VXVWDLQ-
able, as “anybody in the community can cut that vegetation 
and there’s no cost.” The “two-pronged approach” of contin-
ued drug treatment with slash-and-burn could “be sustained 
by the community” and would “empower them” because “they 
want to get involved.” By organizing the communities around 
WKH�WUHDWPHQW�DQG�SUHYHQWLRQ�RI�WKH�GLVHDVH��WKH�¿JKW�DJDLQVW�
river blindness becomes much more sustainable and cost-ef-

CAROLINE MYERS

be very small,” he said. “And the energy dissipation has to be 
very small.” 
 Dutta and his team focused on the construction of 
RVFLOODWRUV�²�FLUFXLWV�XELTXLWRXV�LQ�FORFNV�DQG�HYHU\GD\�HOHF-
tronic circuits from cell phones to laptops. Dutta said his team 
has been able to make nano-scale oscillators using only four 
transistors, where other efforts have required anywhere from 
70 to 200.
 “There is always a push to go down and down in en-
ergy and in size,” he said. “So, we looked at this problem and 
saw that we can actually make this circuit with fewer transis-
tors, which means if you talk about footprint area, the size of 
your circuit is really small and scalable.”
 By using novel materials in these circuits, Dutta and 
KLV�IHOORZ�UHVHDUFKHUV�KDYH�EHHQ�DEOH�WR�FRQVWUXFW�H[WUHPHO\�
VPDOO�DQG�HQHUJ\�HI¿FLHQW�RVFLOODWRU�FLUFXLWV��7KH�RVFLOODWRUV�
XVH�YDQDGLXP�GLR[LGH�²�D�XQLTXH�PDWHULDO�WKDW�FDQ�FKDQJH�
from an insulating to a metallic state, and with the right 
combination of minimum circuitry, they were able to pro-
duce self-sustained oscillations. These circuits can be used to 
PDLQWDLQ�RU�PRGXODWH�¿[HG�SDWWHUQV�²�LPLWDWLQJ�WKH�IXQFWLRQ�
of CPGs in animals. Given their small size and low energy 
dissipation, Dutta said potential applications could range from 

ZHDUDEOH�H[RVNHOHWRQV�IRU�SDUDSOHJLF�SDWLHQWV�WR�PLFURURERWV�
IRU�LQGXVWULDO�XVHV�DQG�VSDWLDO�H[SORUDWLRQ�RI�XQNQRZQ�WHUUDLQ�
 Dutta also noted that the oscillators he and his col-
leagues have developed aren’t limited to CPG applications. 
7KH�QDQR�RVFLOODWRU�FLUFXLWV�PD\�DOVR�EH�XVHG�WR�VROYH�FRPSOH[�
optimization problems that current computers struggle with, 
known as non-deterministic polynomial-time hard problems, 
RU�13�KDUG�SUREOHPV��$Q�H[DPSOH�LV�WKH�7UDYHOOLQJ�6DOHVPDQ�
problem, where one must determine the shortest route between 
various cities, visiting each city once before returning to the 
original point. This is easy to solve for a small number of 
FLWLHV��EXW�DV�WKH�FRXQW�LQFUHDVHV��WKH�GLI¿FXOW\�RI�WKH�SUREOHP�
also dramatically increases. With large numbers of cities, even 
powerful computers require long periods of time to produce an 
optimized solution.
 Many approaches to solving NP-hard problems in 
the past have relied on complicated software algorithms, but 
'XWWD�EHOLHYHV�WKDW�XVLQJ�WDLORU�PDGH�KDUGZDUH�²�VSHFL¿FDOO\�
FRXSOHG�RVFLOODWRUV�EDVHG�,VLQJ�PDFKLQH�²�PD\�SURYLGH�WKH�
key to cracking these problems quickly, drastically reducing 
the time to produce an optimal solution.
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�� 2XU�XQGHUVWDQGLQJ�RI�RXU�JDOD[\�KDV�EHHQ�VRPHZKDW�
limited to stars, interstellar medium, and dust. However in 
������WKH�&RVPLF�2ULJLQV�6SHFWURJUDSK��&26��ZDV�LQVWDOOHG�
onto NASA’s Hubble Space Telescope. With this new tech-
QRORJ\�KDV�FRPH�HQWLUHO\�QHZ�LQIRUPDWLRQ�DERXW�JDOD[LHV��
FKDQJLQJ�WKH�SDVW�XQGHUVWDQGLQJ�RI�D�JDOD[\¶V�WUXH�GH¿QLWLRQ��
Dr. Nicolas Lehner, professor of Astrophysics at Notre Dame, 
KDV�VWXGLHG�JDV�LQ�DQG�DURXQG�JDOD[LHV�WKURXJKRXW�KLV�FDUHHU��
which spans over 20 years. Beginning with his doctoral work 
at The Queen’s University of Belfast, Dr. Lehner has taken 
JUHDW�LQWHUHVW�RQ�KRZ�JDOD[LHV�LQWHUDFW�ZLWK�WKHLU�JDVHRXV�
surroundings. He attributes some of his recent understanding 
RI�JDOD[LHV�WR�WKH�89�OLJKW�DEVRUSWLRQ�FDSDELOLWLHV�ZLWK�WKH�
COS instrument on Hubble. Regular imaging techniques are 
not sensitive enough to pick up much of the gas beyond a 
JDOD[\�UDGLXV��$EVRUSWLRQ�WHFKQLTXHV�ZLWK�89�VSHFWUD�RI�VWDUV�
or quasars are therefore required to pick up signatures from 
WKH�YHU\�GLIIXVH�JDV�DURXQG�JDOD[LHV��%HIRUH�&26��WKLV�ZDV�
limited  to a couple of handfuls of stars and quasars, strongly 
limiting the results. COS being at least 10 times more sensitive 
than its predecessors, suddenly astronomers could work with 
several tens of stars and hundreds of quasars, which have al-
ORZHG�WKHP�WR�EHWWHU�VDPSOH�WKH�KDORV�RI�JDOD[LHV�DQG�RXU�RZQ�
0LON\�:D\�DQG�WR�SURGXFH�UREXVW�VFLHQWL¿F�UHVXOWV��7KHVH�QHZ�
¿QGLQJV�KDYH�DZDNHQHG�DVWURQRPHUV�WR�WKH�FHQWUDO�UROH�WKH�
JDV�VXUURXQGLQJ�WKH�JDOD[LHV�²�WKH�FLUFXPJDODFWLF�PHGLXP�²�
SOD\V�LQ�WKH�OLIH�RI�D�JDOD[\�
 The circumgalactic medium is now understood to 
EH�D�YHU\�GLIIXVH�JDV�VXUURXQGLQJ�JDOD[LHV��7KLV�JDV�LV�EHLQJ�
F\FOHG�LQWR�DQG�RXW�RI�WKH�JDOD[\��DLGLQJ�LQ�WKH�IRUPDWLRQ�RI�
new stars. As said by Dr. Lehner, “If you take the gas within a 
JDOD[\��DQG�WKHUH¶V�QRW�VRPH�JDV�FRPLQJ�IURP�DQ\ZKHUH�HOVH��
DIWHU�DERXW�D�ELOOLRQ�\HDUV��D�JDOD[\�OLNH�RXU�RZQ�0LON\�:D\�
ZLOO�KDYH�H[KDXVWHG�DOO�LWV�IXHO�DQG�FDQQRW�IRUP�VWDUV�DQ\-
more.” However, the presence of young and forming stars tells 
us that is not the case. The question, then, is where the new 
gas comes from.

 The Hubble Space Telescope has helped answer this 
question for the Milky Way. First, Dr. Lehner has used the UV 
light received from nearby stars to determine the presence of 
QHDUE\�FLUFXPJDODFWLF�JDV��7KH�VHFRQG�VWHS�ZDV�OHG�E\�'U��)R[�
from the Space Telescope Science Institute in collaboration 
with Dr. Lehner to determine how much of this nearby circum-
galactic gas is entering or leaving the Milky Way. Interesting-
O\��DQG�WR�WKHLU�VXUSULVH��WKH�DPRXQW�RI�JDV�HQWHULQJ�WKH�JDOD[\�
LV�QRW�HTXDO�WR�WKH�DPRXQW�OHDYLQJ��FUHDWLQJ�DQ�XQH[SODLQHG�
VXUSOXV�RI�JDV�ZLWKLQ�WKH�JDOD[\��7KH�UHDVRQV�IRU�WKLV�VXUSOXV�
DUH�XQNQRZQ��EXW�LW�LV�OLNHO\�JRRG�QHZV�IRU�D�JURZLQJ�JDOD[\��
:LWK�D�JDV�VXUSOXV��WKH�JDOD[\�FDQ�FRQWLQXH�IRUPLQJ�QHZ�VWDUV��
 Part of Dr. Lehner’s future research will involve 
understanding this surplus. His most recent work provides 
LQVLJKW�LQWR�WKH�JDVHV�DURXQG�$QGURPHGD��WKH�PDVVLYH�JDOD[\�
near the Milky Way. Circumgalactic gases have been relative-
ly understudied; however, this has changed and there is still 
D�JUHDW�GHDO�WR�EH�OHDUQHG���7KH�RULJLQ�RI�WKHVH�JDVHV�DURXQG�
the Milky Way is one such mystery. Current work suggests 
that some gas is “recycled” by the Milky Way, leaving and 
WKHQ�UHHQWHULQJ�WKH�JDOD[\�WR�IRUP�QHZ�VWDUV��+RZHYHU��JDVHV�
with different chemical compositions from those of the Milky 
Way are also present, a factor that leads Dr. Lehner to believe 
that some must come from somewhere else in the universe. 
:KHWKHU�WKLV�LV�IURP�RWKHU�JDOD[LHV��WKH�LQWHUJDODFWLF�PHGLXP��
or someplace entirely different is still up for debate. Other 
JDOD[LHV�DUH�DOVR�D�ELJ�TXHVWLRQ�IRU�UHVHDUFKHUV��DQG�'U��/HKQHU�
is studying them to determine if a similar surplus is present. 
Considering the recent discovery of the importance of the 
JDVHV�LQ�WKH�OLIH�RI�D�JDOD[\��WKH�IXWXUH�LV�IXOO�RI�EUHDNWKURXJKV�
waiting to occur. Dr. Lehner’s research is part of understand-
LQJ�WKH�FRPSOLFDWHG�WDVN�WKDW�LV�D�JDOD[\��$Q�XQH[SODLQHG�
VXUSOXV�RI�JDV�LV�MXVW�RQH�PRUH�SLHFH�RI�WKH�SX]]OH�RI�KRZ�D�
JDOD[\�WUXO\�ZRUNV��

Understanding the Surplus of Gas in the Milky Way
LAUREL AMMOND

fective.
 When asked whether the slash-and-burn technique 
would harm the local river ecosystem, Michael replied that not 
much is known about its true effect on local ecosystems. He 
stated that “there’s always a risk and there’s always a conse-
quence. We are moving into natural systems. But so far we 
have not done that work yet...We haven’t looked at the impact 
on wildlife and other ecosystem effects, but if those effects 
are there then we need to look at the frequency at which we 
remove the vegetation.”  Michael stated that the slash-and-
burn technique does not have to be performed every month, 
rather that his group’s models have shown that reduction of 
transmission of the disease could occur even if they “remove 
WKH�YHJHWDWLRQ�MXVW�EHIRUH�WKH�WUDQVPLVVLRQ�VHDVRQ��)ROORZLQJ�
this routine can therefore minimize the risk to the other com-
ponents of the ecosystem.”

 Currently, Michael is using mathematical models to 
predict the effects of the slash-and-burn technique on trans-
PLVVLRQ�UDWHV��%HFDXVH�LW�LV�GLI¿FXOW�WR�REVHUYH�WKH�GLVHDVH�
SURJUHVVLRQ�LQ�KXPDQV�²�HVSHFLDOO\�RYHU�WKH�GHFDGHV�WKDW�KH�
SUHGLFWV�ZLOO�EH�UHTXLUHG�WR�VHH�DQ�LPSDFW�²�PDWKHPDWLFDO�
PRGHOV�UHSUHVHQW�D�³SRZHUIXO�IRUHFDVWLQJ�WRRO´�WR�H[DPLQH�
WKH�HIIHFWV�RI�WKLV�VROXWLRQ��0LFKDHO�XVHV�GDWD�IURP�¿HOG�
VWXGLHV�H[DPLQLQJ�À\�SRSXODWLRQV�LQ�ULYHU�KDELWDWV�H[SRVHG�
to the slash-and-burn technique to build his models. Michael 
believes it will take another “10 to 20 years to get rid of On-
chocerciasis in Africa.” Although it requires a long term effort 
and engagement from the community, his models show how 
WKH�VODVK�DQG�EXUQ�WHFKQLTXH�FRXOG�EH�H[WUHPHO\�HIIHFWLYH�LQ�
preventing river blindness. 
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Single-Cell Gene Expression Profiling Helps Design 
Novel Combination Therapy for Breast Cancer Patients
� )XQGUDLVHUV�DQG�DFWLYLVWV�RIWHQ�GHVFULEH�WKH�¿JKW�
against cancer as a “race for the cure.” The unfortunate reality 
is that there is no magic bullet for cancer. No special pill, 
single treatment, or vaccine can completely “cure” cancer. 
Current treatment modalities include surgical resection, 
chemotherapy, and radiation; all three are typically used to 
effectively treat cancer. However, many patients will develop 
resistance to chemotherapy drugs, leading to the progression 
and eventual spread of the disease to other parts of the body. 
There is a pressing need for novel therapeutics and treatment 
regimens that can stop cancer before it spreads to the rest of 
the body. 
 One of these novel treatments is called immunother-
apy, which uses the body’s defense systems to target and kill 
cancerous cells. These treatment regimens would eliminate the 
need for devastating chemotherapy and radiation treatments, 
leading to a better prognosis for cancer patients around the 
ZRUOG��7KH�¿HOG�LV�VWLOO�LQ�LWV�LQIDQF\��DQG�ZDV�UHFRJQL]HG�LQ�
�����ZLWK�SLRQHHULQJ�UHVHDUFKHUV�DZDUGHG�WKH�1REHO�3UL]H�LQ�
Physiology or Medicine for their seminal contributions to the 
¿HOG��(YHQ�ZLWK�WKHVH�H[FLWLQJ�GHYHORSPHQWV��QRW�HYHU\�SDWLHQW�
LV�FXUUHQWO\�HOLJLEOH�IRU�LPPXQRWKHUDS\��ZKLOH�LPPXQRWKHU-
apy works well for tumors with certain characteristics, other 
cancers do not have the same sensitivity to immunotherapy 
treatment. This is especially true in the case of breast can-
cer, for which previous immunotherapy trials have not been 
successful. Unfortunately, the problems facing breast cancer 
SDWLHQWV�DQG�WKHLU�RQFRORJLVWV�DUH�PXOWLIROG�²�QRW�RQO\�GR�
they have to endure rigorous therapy regimens that ravage the 
body, but they also have to deal with tumors that will develop 
resistance to chemotherapy and result in the eventual spread 
RI�WKH�GLVHDVH��,W�LV�GLI¿FXOW�WR�XQGHUVWDQG�WKH�SUREOHPV�ZLWKLQ�
a particular patient’s case and develop a treatment in the lab 
before an adverse outcome occurs; this is a particular problem 
in clinical trials. 
 Research in Siyuan Zhang’s lab at the University of 
Notre Dame is uncovering new ways of treating cancer using 
cutting-edge technology to sensitize breast cancer cells to 
immunotherapy. The Zhang lab presented their research in 
a recent 2019 publication in Nature Communications, “Sin-
JOH�FHOO�SUR¿OLQJ�JXLGHG�FRPELQDWRULDO�LPPXQRWKHUDS\�IRU�
IDVW�HYROYLQJ�&'.����LQKLELWRU�UHVLVWDQW�+(5��SRVLWLYH�EUHDVW�
cancer.” Within this study they detail the development of their 
mouse model mirroring the clinical trial in answering their big 
TXHVWLRQ��FDQ�ZH�VHQVLWL]H�WKHVH�EUHDVW�FDQFHU�FHOOV�WR�LPPX-
QRWKHUDS\�XVLQJ�&'.����LQKLELWRU�VLQJOH�FHOO�SUR¿OLQJ"
 To do so, researchers in the Zhang lab developed a 
mouse model that closely mimics the conditions of a human 
clinical trial. Previously, cancer research has been conducted 
in vitro�²�RQO\�XVLQJ�FHOOV�LQ�D�GLVK��7KH�=KDQJ�ODE¶V�PRXVH�
PRGHO�FRQWDLQV�DOO�RI�WKH�H[WUDFHOOXODU�ELWV�WKDW�PDNH�D�WXPRU�
FDQFHURXV��LQFOXGLQJ�LPPXQH�FHOOV��FDQFHU�DVVRFLDWHG�¿EUR-
blasts, collagen, and other parts of the tumor microenviron-

ment. This in vivo model gives the Zhang lab a huge advan-
tage. Zhang describes the model as a “parallel mouse clinical 
trial with the patient clinical trial,” giving the clinical trial 
team an edge “because with the mouse you can do a lot more 
molecular level single-cell sequencing, look at the tumor dy-
namics and you can quickly test combinations...of solutions,” 
instead of waiting for lab biology to catch up with the patient 
WULDO��)RU�H[DPSOH��LI�D�SDWLHQW�GHYHORSV�UHVLVWDQFH�LQ�D�FOLQLFDO�
WULDO��UHVHDUFKHUV�PLPLFNLQJ�WKH�WULDO�LQ�PLFH�FDQ�DGMXVW�WKH�
WKHUDS\�UHJLPHQ�LQ�PLFH�¿UVW�WR�VHH�KRZ�WKH\�UHDFW��1RW�RQO\�
does this new research save valuable time from translating 
bench research to a clinical trial, but it also helps clinicians 
effectively treat more patients in real-time. 
 Another important aspect of the model is that it in-
volves a relatively new understanding of cancer as an ecosys-
WHP��1R�ORQJHU�GR�UHVHDUFKHUV�WKLQN�RI�FDQFHU�DV�MXVW�D�EORFN�
of cells within a tumor. Rather, cancer contains the tumor cells 
and associated support cells in the tumor microenvironment in 
D�³PXOWL�FHOO�FRPSOH[�HFRV\VWHP�´�DV�=KDQJ�GHVFULEHV��&HOOV�
DUH�VXEMHFW�WR�HYROXWLRQDU\�SUHVVXUHV�DV�ZHOO�²�HVSHFLDOO\�DI-
ter treatment with chemotherapy. In understanding resistance, 
WKH�WHDP�¿UVW�³SUR¿OHG�WKH�RULJLQDO�QDLYH�WXPRU�DQG�ORRNHG�DW�
their naive cells, tumor cells, how the transcriptome looked 
like [and how the] genes looked like.” After treatment with 
WKH�&'.����LQKLELWRU��WKH�WXPRUV�VKUDQN��%XW�WKHQ��WKHVH�FHOOV�
developed resistance to the drug and grew again. “Later we 
looked at the resistance tumors, tumor composition which im-
mune cells are increasing. And if immune cells are increased, 
what type of tumor has changed in response to treatment,” 
VDLG�=KDQJ��7KH\�IRXQG�WKDW�D�VSHFL¿F�W\SH�RI�LPPXQH�FHOO�
FDOOHG�D�P\HORLG�GHULYHG�VXSSUHVVRU�FHOO�JUHDWO\�LQ¿OWUDWHG�WKH�
resistant tumors, suppressing the body’s immune response. 
This allowed the tumors to evade detection by the immune 
V\VWHP��=KDQJ�VDLG�WKDW�H[SODLQV�³ZK\�WKRVH�WXPRUV�KDYH�WKDW�
response, because they have so many immunosuppressive cells 
trying to calm things down.”
 Intrigued by this discovery, they removed the MDSCs 
and treated the mice with a PDL-1 inhibitor, an FDA-approved 
LPPXQRWKHUDS\�FXUUHQWO\�XVHG�LQ�WKH�FOLQLF��7KLV�LV�DQ�H[FLWLQJ�
¿QGLQJ�EHFDXVH�EUHDVW�FDQFHU�KDV�KLVWRULFDOO\�EHHQ�GLI¿FXOW�
to treat with immunotherapy due to a low mutation load in 
WXPRUV��%UHDVW�FDQFHU�KDV�EHHQ�HVSHFLDOO\�GLI¿FXOW�EHFDXVH�LW�
KDV�D�ORZ�WXPRU�PXWDWLRQ�ORDG�²�WKHUH�LV�QRW�PXFK�IRU�WKH�
immune system to recognize as different and worthy of attack. 
Fortunately, this combination of treatments worked. Zhang 
VXPPDUL]HG�WKH�¿QDO�H[SHULPHQWV�DV�VXFK��³,QWHUHVWLQJO\��
DIWHU�\RX�JLYH�WKH�¿UVW�>&'.���@�WUHDWPHQW��WKHQ�VRPHKRZ�WKH�
immune ecosystem changes. The resistant tumor responds to 
[immunotherapy] now…We also show this strategy can...treat 
these resistant tumors for a fairly long time.” This has massive 
clinical applications, as this type of treatment regimen more 
closely mimics what physicians prescribe to patients in the 
FOLQLF��DV�H[SHQVLYH�LPPXQRWKHUDS\�UHJLPHQV�QHHG�WR�EH�JLYHQ�

MADELEINE ANDREAS
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out 30 days at a time. The tumor will shrink after treatment, 
and when it begins to grow again, treatment will begin again. 
Zhang argues that this regimen is the future of medicine 
EHFDXVH�³WKLV�FRPELQDWLRQ�LV�QRW�WDUJHWLQJ�WKH�WXPRU�FHOO���,W¶V�
targeting the remodeled environment, the remodeled ecosys-
tem.” 
 Overall, this work represents a clinically applica-
ble strategy for breast cancer treatment. “It’s looking at…
[a] patient’s tumor [using ecological] and evolutionary paths 
and...single-cell technology,” said Zhang. Clinicians have 
already begun to reach out to Zhang and his team regarding 
the implementation of this type of treatment regimen in their 
clinical trials. Although it is no magic bullet, Zhang’s work 
offers the promise of a brighter future for cancer patients and 
their families. 

Modeling of breast cancer metastasis in the brain

Research Lab Uses Nuclear Physics to Detect Toxic 
PFAS Chemical Class
KARA MIECZNIKOWSKI
� 2QH�RI�WKH�PDLQ�JRDOV�RI�VFLHQWL¿F�DGYDQFHPHQW�LV�
to improve human quality of life, but sometimes an apparent 
VROXWLRQ�FDQ�FDXVH�MXVW�DV�PDQ\�SUREOHPV�DV�LW�VROYHV��,Q�WKH�
PLG���WK�FHQWXU\��D�JURXS�RI�QHDUO\�������FKHPLFDOV�NQRZQ�
FROOHFWLYHO\�DV�SHU��DQG�SRO\ÀXRURDON\O�VXEVWDQFHV��3)$6��
were developed to create waterproof, stain-resistant, and non-
stick solutions for everyday items, from clothes to carpet to 
FRRNZDUH��7KHVH�FKHPLFDOV��ZKLFK�FRQVLVW�RI�D�FDUERQ�ÀXRULQH�
backbone that does not naturally occur in the environment, 
DUH�LQFUHGLEO\�WR[LF��7KH\�KDYH�LPPXQRVXSSUHVVLYH�HIIHFWV��
DQG�H[SRVXUH�LV�FRUUHODWHG�ZLWK�GLVHDVHV�VXFK�DV�WHVWLFXODU�DQG�
kidney cancer, hypertension, high cholesterol, preeclampsia, 
DQG�XOFHUDWLYH�FROLWLV��7KLV�WR[LFLW\�LV�FRPSRXQGHG�E\�WKHLU�
environmental persistence, said Graham Peaslee, concurrent 
professor of chemistry and biochemistry at the University of 
Notre Dame, who has been involved with PFAS research for 
almost seven years. As products with the chemicals are used 
DQG�WKURZQ�DZD\��3)$6�ELRDFFXPXODWH�LQ�ODQG¿OOV�DQG�HQWHU�
WKH�ODQG¿OO�OHDFKDWH�V\VWHP��ZKLFK�LQWURGXFHV�WKHP�WR�JURXQG-
water used for irrigation and drinking water. 
 Companies have been using PFAS in their products 
since the 1940s, but the chemicals’ risk to human health did 
not come to light publicly until the turn of the 21st century. 
%HFDXVH�RI�3)$6¶�ZLGHVSUHDG�XVH�RYHU�WKH�SDVW����\HDUV��D�
quick and low-cost way of detecting the chemicals is critical 
WR�UHGXFH�KXPDQ�H[SRVXUH��,RQ�%HDP�$QDO\VLV��,%$��LV�D�
QXFOHDU�SK\VLFV�WHFKQLTXH�WKDW�FDQ�GR�MXVW�WKLV��,%$�XVHV�DQ�
electrostatic accelerator to bombard the surface of a poten-
tially PFAS-contaminated sample with charged particles. 
7KLV�UHVXOWV�LQ�WKH�HPLVVLRQ�RI�[�UD\V��JDPPD�UD\V�RU�89�9LV�
light that can yield important information about the elemental 

content of the sample. Unlike other techniques, IBA has high 
VHQVLWLYLW\�DQG�²�LPSRUWDQWO\²�RQO\�UHTXLUHV�����VHFRQGV�WR�
analyze a sample. 
 Peaslee’s lab uses an IBA technique called parti-
FOH�LQGXFHG�JDPPD�UD\�HPLVVLRQ��3,*(��WR�GHWHFW�ÀXRULQH�LQ�
VDPSOHV��WKH�JDPPD�UD\V�JLYHQ�RII�E\�WKLV�HOHPHQW�DUH�XQLTXH�
DQG�DOORZ�DFFXUDWH�LGHQWL¿FDWLRQ��3HDVOHH�QRWHG�WKDW�,%$�FDQ-
QRW�GHWHFW�3)$6�VSHFL¿FDOO\��EXW�LI�D�VDPSOH�FRQWDLQV�ÀXRULQH��
LW�FDQ�EH�IXUWKHU�LQYHVWLJDWHG�IRU�3)$6��³:H�MXVW�PHDVXUH�
ÀXRULQH��DQG�ZH�FDQ�GR�WKDW�TXLFNO\���:H�FDQ�VDYH�SHRSOH�D�ORW�
RI�WLPH��,I�WKHUH¶V�QR�ÀXRULQH��WKHUH¶V�QR�3)$6��,I�WKHUH�LV�ÀX-
orine, we then send that sample out for the complete analysis. 
And that’s where we’re trying to make an inroad.”
 Peaslee emphasized the importance of developing a 
quick, low-cost way to test for the presence of PFAS. “We’re 
trying to get this process that we’ve developed commer-
cialized,” said Peaslee. Conducting an initial screening for 
ÀXRULQH�ZLWK�DQ�,%$�OLNH�WHVW�XVLQJ�D�PHGLFDO�F\FORWURQ��D�
type of compact particle accelerator, would allow for nation-
ZLGH�VXUYH\LQJ�DW�D�IUDFWLRQ�RI�WKH�FXUUHQW�FRVW��³$ERXW������
RI�WKH�VDPSOHV�>WHVWHG�VKRXOG�EH�ÀXRULQH�IUHH@��$QG�LQVWHDG�
RI�SD\LQJ�IRU�D�������VL[�ZHHN�WHVW��ZH�FDQ�GR�LW�LQ�D�GD\�DQG�
charge $20,” said Peaslee. This technology would ideally be 
XVHG�WR�DGGUHVV�WKH�GULQNLQJ�ZDWHU�PDUNHW�¿UVW��LW�LV�HVWLPDWHG�
WKDW�VRPHZKHUH�EHWZHHQ�VL[�DQG����PLOOLRQ�$PHULFDQV�DUH�
GULQNLQJ�ZDWHU�FRQWDPLQDWHG�ZLWK�3)$6��³1RERG\�NQRZV�H[-
actly how much [is in the water], but we have a measurement 
technique...that can screen down to all the EPA limits,” said 
Peaslee. 
 The EPA advisory level is 70 parts per trillion of the 
FRPELQDWLRQ�RI�3)2$�DQG�3)26��ZKLFK�DUH�MXVW�WZR�RI�WKH�
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WKRXVDQGV�RI�3)$6�FKHPLFDOV�WKDW�H[LVW��3)2$�DQG�3)26�DUH�
rarely seen alone, and likely comprise only 10% of what is 
present in the environment, meaning that the remaining 90% 
are not being taken into account in the EPA’s assessment. Pea-
slee’s lab measures every PFAS chemical. “I would say [the 
FXUUHQW�(3$�DGYLVRU\�OHYHO�LV@�GH¿QLWHO\�XQVDIH��EXW�WKDW¶V�WKH�
current health advisory limit,” said Peaslee. Some states have 
lowered it, for individual analytes. “If it was 70 part trillion for 
all PFAS, I’d feel a lot safer. It should be something around 
the single digits for an individual compound of PFAS. Getting 
down to that level is going to be really hard to do, because it’s 
so ubiquitous.”
 Peaslee’s lab’s research has led to the discovery of 
3)$6�LQ�ÀDPH�UHWDUGDQWV��VKRHV��IDVW�IRRG�ZUDSSHUV��GLD-
SHUV��DQG�¿UH¿JKWLQJ�JHDU�DQG�IRDP��$IWHU�WKH�ODE¶V�ZRUN�RQ�
PFAS in fast food wrappers was published in 2017, 20 out 
RI����FRPSDQLHV�²�LQFOXGLQJ�0F'RQDOG¶V�DQG�6WDUEXFNV�²�
changed their food packaging to non-PFAS wrappers. “To me, 
that’s power through science…[it was] eye opening to me, 
that a paper can drive policy.” Peaslee pointed out that some 
companies do test their manufactured products for PFAS, but 
PD\�RQO\�FKHFN�IRU�WKH�ORQJ�FKDLQ�YDULHW\�RI�3)$6�²�QRW�WKH�
VKRUW�FKDLQ��ZKLFK�DUH�MXVW�DV�KDUPIXO��³,W�PD\�EH�DQ�HQYL-
ronmentally conscientious company, perhaps, but they have 
no idea what’s in their supply chain,” said Peaslee. “We’re 

working with companies to [help them] make the right choices 
with their products and supply chain.” 
� 2QH�RI�WKH�ODE¶V�FXUUHQW�SURMHFWV�LQFOXGHV�KHOSLQJ�¿UH�
GHSDUWPHQWV�UHSODFH�WKHLU�FXUUHQW�XQLIRUPV�DQG�¿UH�UHWDU-
dant foams, which contain PFAS, with gear that is safer for 
ERWK�¿UH¿JKWHUV�DQG�WKH�ORFDO�FRPPXQLW\��³:H¶UH�WDONLQJ�WR�
¿UH¿JKWHUV�DOO�RYHU�WKH�FRXQWU\�DERXW�KRZ�WR�JHW�ULG�RI�WKH�ROG�
foam properly,” said Peaslee. “[It needs to be] incinerated in 
a special hazardous waste incinerator. We’re working with 
states and regulators to try and do that.” Peaslee continued,  
“The remarkable thing about this is that it’s apolitical. If you 
drink the water, it doesn’t matter whether you’re red or blue, it 
still poisons you. And that has refreshing across the aisle talks 
going on everywhere.”
 Alternatives to PFAS include silicones (which are 
less dangerous but still manmade and environmentally per-
VLVWHQW���ODQROLQ��PDGH�IURP�VKHHS�ZRRO���DQG�D�QHZ�WHFKQLTXH�
FDOOHG�PLFUR¿EHULQJ��ZKLFK�FUHDWHV�VXUIDFH�WHQVLRQ�WKDW�JLYHV�
a material water resistance. The safety of these alternatives 
needs to be evaluated, said Peaslee, but they may be good 
substitutes for PFAS. “We should avoid indiscriminate use of 
WKLV�FKHPLFDO�DQG�MXVW�XVH�LW�ZKHUH�LW¶V�QHHGHG�´�VDLG�3HDVOHH��
“If you’re going up Mount Everest, having the best waterproof 
MDFNHW�SUREDEO\�VDYHV�OLYHV��,I�\RX¶UH�JRLQJ�WR�WKH�PDOO��GRHV�LW�
KDYH�WR�EH�WKH�EHVW�ZDWHUSURRI�MDFNHW"�1R��SUREDEO\�QRW�´

Graham Peaslee, Ph.D.and his research team with one of the lab’s particle accelerators
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The Role of Synaptic Vesicles in Early Development
 Cellular vesicles are essential biological structures 
LQYROYHG�LQ�YDULRXV�ELRORJLFDO�SURFHVVHV��LQFOXGLQJ�H[RF\-
tosis, endocytosis, and molecule transport within and be-
tween cells. One class of vesicles, synaptic vesicles, contains 
structures that transport electro-chemical signals within the 
FHQWUDO�QHUYRXV�V\VWHP��&16���9HVLFOHV�DUH�VR�LPSRUWDQW�WR�RXU�
understanding of human biology that the 2013 Nobel Prize in 
Physiology or Medicine was awarded for the study of these 
biological materials. While the evolution and development of 
the synapse itself has been studied for years, few have inves-
tigated what roles synaptic vesicles perform before arriving 
at the synapse. Where do they come from and what function 
PLJKW�WKHVH�YHVLFOHV�KDYH�SULRU�WR�VXUIDFLQJ�DW�WKH�V\QDSVH"�
 This is the question that undergraduate Evan Nichols 
VRXJKW�WR�DQVZHU�WKURXJK�KLV�UHVHDUFK�SURMHFW�DW�WKH�8QLYHUVLW\�
of Notre Dame. “The lack of literature describing what the 
vesicles did before they went to the synapse is what piqued 
RXU�LQLWLDO�LQWHUHVW�´�VD\V�SURMHFW�DGYLVRU�DQG�WKH�(OL]DEHWK�DQG�
Michael Gallagher Assistant Professor of Biological Sciences 
&RG\�6PLWK��3K�'��6PLWK�H[SODLQHG�WKDW�SUHYLRXV�WKHRULHV�RQ�
the vesicle’s origin purported that vesicles were either formed 
at the synapse or shuttled from another part of the cell to the 
synapse during synaptic development. Since neither of these 
WKHRULHV�H[SODLQHG�ZKDW�WKH�YHVLFOHV¶�IXQFWLRQV�ZHUH�SULRU�
to arrival at the synapse, Nichols decided to investigate the 
SURFHVV�E\�ZKLFK�D[RQV�QDYLJDWH�DFURVV�WKH�VSLQDO�FRUG�GXULQJ�
development, in the hope of linking vesicles to the initial 
EUHDNWKURXJK�RI�D[RQV�LQWR�WKH�VSLQDO�FRUG��
 “We noticed that there were synaptic vesicles sitting 
ULJKW�DW�WKH�UHJLRQ�ZKHUH�WKH�D[RQ�PHW�WKH�VSLQDO�FRUG��ZKLFK�
led us to hypothesize that these vesicles were involved in the 
LQLWLDO�EUHDFK�RI�WKH�D[RQ�LQWR�WKH�VSLQDO�FRUG�´�6PLWK�VDLG��
7LPH�ODSVH�LPDJLQJ�RI�WKH�SLRQHHU�D[RQV�RI�GRUVDO�URRW�JDQJOLD�
�'5*���WKH�¿UVW�D[RQV�IRUPHG�LQ�WKH�'5*��LQGLFDWHG�WKDW�WKH�
WKH�YHVLFOHV�SOD\HG�D�UROH�LQ�JXLGLQJ�WKH�SLRQHHU�D[RQ�HQWU\�
LQWR�WKH�VSLQDO�FRUG��1LFKROV�WKHQ�GHYLVHG�DQ�H[SHULPHQW�WR�WHVW�
WKH�LQYROYHPHQW�RI�D�FODVV�RI�SURWHLQV��FDOOHG�PDWUL[�PHWDOOR-
SURWHLQDVHV��003���LQ�WKH�D[RQ�HQWU\�SURFHVV��
 In order to visually capture the spinal cord entry 
SURFHVV�RI�SLRQHHU�D[RQV��WKH�6PLWK�ODE�WXUQHG�WR�WKH�XVDJH�RI�
JUHHQ�DQG�UHG�ÀXRUHVFHQW�SURWHLQV��FRPPRQ�SURWHLQV�XVHG�DV�
UHSRUWHUV�RI�JHQH�H[SUHVVLRQ�DQG�SURWHLQ�ORFDOL]DWLRQ��7KURXJK�
WKH�H[SUHVVLRQ�RI�JUHHQ�DQG�UHG�ÀXRUHVFHQW�SURWHLQV�LQ�WKH�GRU-
VDO�URRW�JDQJOLD�DQG�D[RQV�RI�]HEUD¿VK��1LFKROV�DQG�WKH�6PLWK�
lab were able to track the spinal cord entry process of pioneer 
D[RQV�IURP�WKH�SHULSKHUDO�QHUYRXV�V\VWHP�LQWR�WKH�VSLQDO�
cord, when MMPs were inhibited. “What Evan discovered in 
the end was that the inhibition of MMPs resulted in multi-
SOH�HUURUV�LQ�D[RQ�HQWU\�LQWR�WKH�VSLQDO�FRUG�´�VWDWHG�6PLWK��
“Essentially, segments of the peripheral nervous system of the 
]HEUD¿VK�ZHUH�XQDEOH�WR�FRQQHFW�WR�WKH�FHQWUDO�QHUYRXV�V\VWHP�
through the spinal cord, rendering them functionally useless.” 

Nichols’ research concluded that synaptic vesicle contents, 
VSHFL¿FDOO\�003V��GR�VHUYH�D�YLWDO�SXUSRVH�LQ�WKH�XQL¿FDWLRQ�
of the peripheral and central nervous system before they arrive 
at the synapse.  
� )ROORZLQJ�WKH�SXEOLVKLQJ�RI�KLV�¿QGLQJV�LQ�WKH�SDSHU�
³6\QDSWLF�OLNH�9HVLFOHV�)DFLOLWDWH�3LRQHHU�$[RQ�,QYDVLRQ´�
in early 2019, Nichols further researched the application of 
his discoveries. Once again, Smith served as his mentor. His 
IRXUWK�SDSHU�RQ�WKH�VXEMHFW��³)XQFWLRQDO�5HJHQHUDWLRQ�RI�WKH�
6HQVRU\�5RRW�9LD�$[RQDO�,QYDVLRQ�´�ZKLFK�ZDV�SXEOLVKHG�
in January of 2020, focused on how the discovery of these 
invasion components during early development could lead to 
the possibility of clinical sensory root regeneration. “During 
UHJHQHUDWLRQ��XVXDOO\�WKH�LQYDVLRQ�FRPSRQHQWV�RI�D[RQV�DUH�
ineffective in penetrating the spinal cord. Evan’s research 
has shown that by understanding the invasion process during 
development, we can now utilize them to initiate essential sen-
VRU\�FLUFXLW�UHJHQHUDWLRQ��:LWK�WKLV�GDWD��DUWL¿FLDO�UHJHQHUDWLRQ�
is a possibility,” Smith said.  
� :KHQ�DVNHG�DERXW�1LFKROV�DQG�WKH�SURMHFW�DV�D�
whole, Smith was very enthusiastic about his pupil’s efforts. 
³2YHUDOO��,�DP�YHU\�SURXG�RI�>(YDQ¶V@�ZRUN��7KH�HQWLUH�SURMHFW�
IURP�VWDUW�WR�¿QLVK�ZDV�KLV�LGHD�DQG�KLV�RZQ�H[SHULPHQWV��+H�
LV�DQ�H[FHOOHQW�H[DPSOH�RI�ZKHUH�FXULRVLW\�DQG�KDUG�ZRUN�FDQ�
take you in the sciences.” Smith went on to say that he hopes 
more students at the University of Notre Dame will be able to 
WDFNOH�SURMHFWV�RI�VLPLODU�PDJQLWXGH�GXULQJ�WKHLU�WLPH�DV�XQ-
dergraduates. While an undergraduate at Notre Dame, Nichols 
ZRUNHG�RQ�PXOWLSOH�ELRORJLFDO�UHVHDUFK�SURMHFWV�DQG�ZDV�WKH�
SULPDU\�DXWKRU�RI�¿YH�SDSHUV��DOO�SXEOLVKHG�WKURXJK�WKH�6PLWK�
lab. Nichols is a graduate of the class of 2019, was the College 
of Science Dean’s research awardee, and is currently pursuing 
a Ph.D.  degree at Stanford University.  

JACK HEATHERMAN

Cody Smith, Ph.D. and Evan Nichols in the Smith lab
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Abstract
 Opuntia spp. is the keystone genus in the arid 
regions of the Galapagos Islands. As the climate changes, 
temperatures rise, and weather patterns shift, it is important 
to understand the factors that limit the growth of Opuntia, 
as they may provide insight about how to manage Opuntia 
habitat to protect the cacti and other endemic species. Spatial 
distribution allows speculation about which factors have the 
greatest impact on the location of individuals within a species, 
and can be described as uniform, random, or clumped. This 
VWXG\�XVHV�WKH�FRHI¿FLHQW�RI�DJJUHJDWLRQ�WR�SUHGLFW�WKH�VSDWLDO�
GLVWULEXWLRQ�RI�2SXQWLD�VSS��RQ�WKUHH�*DODSDJRV�,VODQGV��
Santa Fe, Santa Cruz, and South Plaza. When the data were 
combined, Opuntia displayed a random distribution that may 
tend towards clumped. Opuntia on Santa Fe and South Plaza 
displayed a random distribution, but Opuntia on Santa Cruz 
displayed a clumped distribution. On Santa Cruz, some factor 
may have made it advantageous for individuals to grow close 
together, although it is more likely that minimal replication 
and lack of sample randomization affected results. In addition, 
a confounding variable, such as cactus age, may have interact-
ed with the spatial distribution of Opuntia.
       
Introduction
� 7KH�SULFNO\�SHDU�FDFWXV� �2SXQWLD� VSS��� LV� D�ÀDW�SDG-
ded cactus that can grow up to 12 m in height, and produces 
\HOORZ�ÀRZHUV�DQG�SULFNO\�JUHHQ�IUXLWV��2SXQWLD�GRPLQDWHV�WKH�
DULG�UHJLRQV�RI�WKH�*DODSDJRV�,VODQGV������0RUSKRORJLFDOO\��WKH�
VL[�VSHFLHV�DQG����YDULHWLHV�RI�2SXQWLD�DUH�TXLWH�GLYHUVH��UDQJ-
ing from tall and tree-like to short and shrubby. Despite this 
H[WUHPH�YDULDELOLW\� LQ�PRUSKRORJ\�� WKHUH� LV�YHU\� OLWWOH�JHQHWLF�
YDULDWLRQ�DPRQJ�2SXQWLD�VSHFLHV������DQG�DOO�YDULHWLHV�SHUIRUP�
key ecological functions in their ecosystems. Because its spiny 
SDGV�DQG�SULFNO\�IUXLW�DUH�D�PDMRU�IRRG�VRXUFH�IRU�*DODSDJRV�
macrofauna such as tortoises and mockingbirds, Opuntia are 
WKH�NH\VWRQH�VSHFLHV�LQ�WKH�*DODSDJRV¶�DULG�UHJLRQV������$V�DQ-
thropogenic climate change becomes a more imminent threat to 
isolated ecosystems such as the Galapagos, a better understand-
ing of how organisms function (i.e., interact with each other 
DQG�¿QG�QXWULHQWV��ZLWKLQ�WKHVH�HFRV\VWHPV�ZLOO�DOORZ�D�PRUH�
comprehensive plan for the conservation of these systems in 
the future. The investigation of Opuntia cacti informs on how 
arid ecosystems function in the Galapagos.
 The spatial distribution of a particular plant species 
FDQ�SURYLGH�LQVLJKW�LQWR�WKH�QDWXUH�RI�WKH�VSHFLHV¶�LQWUDVSHFL¿F�

FRPSHWLWLRQ� ����� 3ODQWV� H[KLELW� XQLIRUP�� UDQGRP�� RU� FOXPSHG�
distributions, each of which has different implications for how 
individuals of a species interact. A random distribution suggests 
WKDW�WKHUH�DUH�QR�FRPSHWLWLYH�IDFWRUV�LQÀXHQFLQJ�WKH�ORFDWLRQ�RI�
individual plants. A uniform distribution implies that there is a 
factor such as need for water driving individuals away from one 
another. A clumped distribution suggests that a factor such as 
uneven distribution of soil nutrients draws individuals togeth-
HU�� ,QFUHDVLQJ� RXU� XQGHUVWDQGLQJ� RI� WKH� VSDWLDO� GLVWULEXWLRQ�V��
of Opuntia spp. could supply insight into its intraspecies com-
SHWLWLRQ��DQG�WKH�PRVW�LPSRUWDQW�IDFWRU�V��WKDW�GULYH�QHZ�SODQW�
growth and location. If climate conditions continue to change 
rapidly, this knowledge could be key to preserving the Opuntia 
cacti, and managing the arid parts of the Galapagos Islands. 
� 7KLV�VWXG\�H[DPLQHG�WKH�VSDWLDO�GLVWULEXWLRQ�RI�2SXQ-
tia spp. on three separate islands to determine the overall dis-
tribution of the genus, and investigate whether the distribution 
YDULHV�RQ�GLIIHUHQW�LVODQGV��7KH�¿UVW�K\SRWKHVLV�ZDV�WKDW�2SXQ-
tia spp. has a uniform distribution when calculated from all of 
the data collected on all three islands. Because Opuntia cacti 
appear in the driest parts of a very arid area, the prediction was 
that Opuntia spp. would be uniformly distributed due to com-
petition for water. The second hypothesis was that Opuntia on 
DOO�LVODQGV�ZRXOG�KDYH�WKH�VDPH�FRHI¿FLHQW�RI�DJJUHJDWLRQ��DQG�
thus the same distribution. A uniform distribution would sug-
gest that competition for water or nutrients separates the plants, 
and because they all are found in the same, arid zone on the is-
ODQGV��RXU�SUHGLFWLRQ�ZDV�WKDW�WKH�FRHI¿FLHQW�ZRXOG�QRW�FKDQJH��

Methods and Materials
Location and sites
 Opuntia spp. are found in the arid regions of the Gala-
pagos Islands, although they are not found on every island. 
Over the course of this study, measurements were taken on 
WKUHH�RI�WKH�IRXU�LVODQGV�YLVLWHG�RQ�ZKLFK�2SXQWLD�ZDV�IRXQG��
Santa Fe, Santa Cruz, and South Plaza. The fourth island was 
North Seymour, but the cacti were far apart and so far off the 
path that measurements could not be taken given the spatial and 
temporal limitations of the study. 

Data collection and calculations
� 7KH�PHWKRG�HVWDEOLVKHG�E\�&RWWDP�DQG�&XUWLV�����ZDV�
used to quantify the spatial distribution of plants, using a calcu-
ODWLRQ�WKDW�WKH\�FDOOHG�WKH�FRHI¿FLHQW�RI�DJJUHJDWLRQ��7KLV�FRHI-
¿FLHQW��$��LV�EDVHG�RQ�GLVWDQFH�EHWZHHQ�D�SODQW�DQG�D�UDQGRP�
SRLQW��3��DQG�LWV�QHDUHVW�QHLJKERU��,���7KH�VSDWLDO�GLVWULEXWLRQ�RI�
D�SODQW�FDQ�EH�FODVVL¿HG�DV�UDQGRP��FOXVWHUHG��RU�XQLIRUP�EDVHG�
RQ� WKHVH� WZR�PHDVXUHPHQWV�DQG� WKH�FDOFXODWLRQ�RI� WKH�FRHI¿-
FLHQW�$��GH¿QHG�DV��

�����������������������$� ��3��,���������������������
 
ZKHUH��3� LV� WKH�VXP�RI�DOO�PHDVXUHPHQWV�EHWZHHQ�D� UDQGRP�
SRLQW�DQG�WKH�QHDUHVW�SODQW��DQG��,�LV�WKH�VXP�RI�DOO�PHDVXUH-
PHQWV�EHWZHHQ�WKH�SODQW�DQG�LWV�QHDUHVW�QHLJKERU��,I�FRHI¿FLHQW�
$�LV�DERXW����WKH�SODQWV�DUH�UDQGRPO\�GLVWULEXWHG��D�FRHI¿FLHQW�
!��LPSOLHV�D�FOXPSHG�GLVWULEXWLRQ��DQG�D�FRHI¿FLHQW����LPSOLHV�
a uniform distribution. 
� ,Q�RUGHU� WR�FDOFXODWH� WKH�FRHI¿FLHQW�$�� WZR�PHDVXUH-
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PHQWV�ZHUH�WDNHQ�IRU�HDFK�FDFWXV��WKH�GLVWDQFH�IURP�D�UDQGRP�
[�FRRUGLQDWH� WR�D�FDFWXV��DQG� WKH�GLVWDQFH�IURP�WKDW�FDFWXV� WR�
its nearest neighboring cactus. When possible, a 30-m transect 
was laid along the footpath and a tape measure used to measure 
IURP� WKUHH� UDQGRP�� LQGHSHQGHQW� [�FRRUGLQDWHV� WR� WKH� QHDUHVW�
FDFWXV�� ,� WRRN�PHDVXUHPHQWV� IURP� WKUHH�FDFWL�RQ�HDFK�RI�¿YH�
transects on Santa Cruz, and one on South Plaza. For the rest 
of South Plaza and the island of Santa Fe, transects could not 
be laid, so measurements were taken while hiking. A “random” 
�L�H��KDSKD]DUG��SRLQW� DORQJ� WKH�SDWK�ZDV�FKRVHQ� IURP�ZKLFK�
the distance to the nearest cactus was measured. This path-to-
cactus distance was recorded as P. Then, the distance from that 
cactus to its nearest neighbor was measured using a tape mea-
sure, and recorded the cactus-to-cactus distance as I. a total of 
VL[�3�,�SDLUV�ZHUH�PHDVXUHG�RQ�6DQWD�)H��¿IWHHQ�3�,�SDLUV�RQ�
6DQWD�&UX]��DQG�VL[�3�,�SDLUV�RQ�6RXWK�3OD]D��
 These data were entered into Cottam and Curtis’s 
HTXDWLRQ��(T�����WR�FDOFXODWH�$�IRU�HDFK�LVODQG��DQG�DQ�RYHUDOO�
$��7KH�FRHI¿FLHQW�$�PXVW�EH�WUDQVIRUPHG�LQ�RUGHU�WR�WHVW�LI�LW�
GLIIHUV�VLJQL¿FDQWO\�IURP��������7KH�WUDQVIRUPDWLRQ��(T�����ZDV�
XWLOL]HG�
� � �����������[� �$������$�������������������
 
so that A could be compared to the normal distribution. Then 
WKH�VWDQGDUG�GHYLDWLRQ�ZDV�FDOFXODWHG�XVLQJ��(T�����
� � ���V� �������VTUW��Q����� ��������
 
ZKHUH�Q� �WKH�QXPEHU�RI�GLVWDQFHV�XVHG�WR�FRPSXWH�[��,Q�D�UDQ-
GRPO\�GLVWULEXWHG�SODQW�SRSXODWLRQ��[�ZLOO�KDYH�D�PHDQ�RI�����
�����8VLQJ�([FHO��WKH�SUREDELOLW\��S�YDOXH��RI�REWDLQLQJ�WKH�YDO-
XHV�RI�[�FRPSXWHG�IURP�WKH�2SXQWLD�GDWD��JLYHQ�WKDW� WKH�QXOO�
K\SRWKHVLV��+���[�KDV�D�PHDQ�RI������ZDV�WUXH��ZDV�FDOFXODWHG��
%HFDXVH�WKHUH�ZHUH�WZR�DOWHUQDWLYH�K\SRWKHVHV��+D���2SXQWLD�
VSS��H[KLELWV�D�FOXPSHG�GLVWULEXWLRQ��+D���2SXQWLD�VSS��H[KLELWV�
D�XQLIRUP�GLVWULEXWLRQ���WKH�S�YDOXH�ZDV�FRPSDUHG�WR�DQ�DOSKD�
RI��������,I�S����������WKH�FDFWL�ZHUH�GLVWULEXWHG�LQ�FOXPSV��,I�
S�!��������WKH�FDFWL�ZHUH�GLVWULEXWHG�XQLIRUPO\��,I�������!�S�!�
�������WKH�FDFWL�ZHUH�UDQGRPO\�GLVWULEXWHG��

Results:
� 7KH�FRHI¿FLHQW�RI�DJJUHJDWLRQ�FDOFXODWHG�IURP�2SXQ-
WLD�RQ�DOO�WKUHH�LVODQGV�ZDV�$� ���������7DEOH�����VXJJHVWLQJ�WKDW�
WKH� FDFWL�PD\�KDYH� H[KLELWHG� D� VOLJKWO\� FOXPSHG�GLVWULEXWLRQ���
+RZHYHU��WKH�GLIIHUHQFH�IURP�$� ���ZDV�QRW�VLJQL¿FDQW��VR�ZH�
IDLOHG�WR�UHMHFW�+��WKDW�WKH�FDFWL�ZHUH�UDQGRPO\�GLVWULEXWHG��S�
 ���������)LJXUH�����)RU�2SXQWLD�RQ�WKH�LVODQG�RI�6DQWD�)H��D�
FRHI¿FLHQW�RI�$� ��������ZDV�FDOFXODWHG��ZKLFK�ZDV�QRW�VLJQL¿-
cantly different from A = 1, suggesting that the cacti were ran-
GRPO\�GLVWULEXWHG��S� ���������)LJXUH�����7KH�JUHDWHVW�QXPEHU�
RI�3�,�SDLUV�ZHUH�PHDVXUHG�RQ�6DQWD�&UX]��Q� ������ZKLFK�KDG�
D�FRHI¿FLHQW�RI�$� ����������VLJQL¿FDQWO\�KLJKHU�WKDQ�$� �����
VXJJHVWLQJ�WKDW�WKH�FDFWL�RQ�6DQWD�&UX]�H[KLELWHG�D�FOXPSHG�GLV-
WULEXWLRQ��S� ���������)LJXUH��������2Q�6RXWK�3OD]D��$� ���������
which suggests that the cacti were more uniformly distributed 
WKDQ�FOXPSHG��EXW�WKH�GLIIHUHQFH�IURP�$� ���ZDV�QRW�VLJQL¿FDQW�
�S� ���������)LJXUH���� DQG�ZH� IDLOHG� WR� UHMHFW�+��RI� UDQGRP�
distribution. 

Table 1:� 7KH� SUREDELOLW\� WKDW� WKH� WUDQVIRUPHG� FRHI¿FLHQW� RI� DJJUH-
gation (x) differs from a normal distribution with a mean of 0.5 and 
a standard deviation of s. Using (Eq. 1, 2, and 3), I calculated the 
probability of obtaining the x values above given the H0 that x was 
distributed normally with a mean of 0.5 and a standard deviation of s. 
2QO\�6DQWD�&UX]�KDG�D�VWDWLVWLFDOO\�VLJQL¿FDQW�S�YDOXH��EROGHG���DQG�
because it was lower than p = 0.025, it suggests that the Opuntia on 
Santa Cruz exhibit a clumped distribution. Santa Fe, South Plaza, and 
DOO� WKUHH� LVODQGV� FRPELQHG� KDG� LQVLJQL¿FDQW� S�YDOXHV� �������!� S�!�
0.975), which suggests random distributions of cacti. South Plaza was 
the only location where A < 1, which suggests a possible uniform dis-
WULEXWLRQ��EXW�WKLV�ZDV�QRW�VLJQL¿FDQW�

Figure 1:�7KH�FRHI¿FLHQW�RI�DJJUHJDWLRQ��$��±���RI�2SXQWLD�RQ�6DQWD�)H�
(SF), Santa Cruz (SC), South Plaza (SP), and overall (O). This graph 
GLVSOD\V�WKH�FDOFXODWHG�FRHI¿FLHQW�RI�DJJUHJDWLRQ��$��±�����V��7DEOH�����
%DUV�WKDW�H[WHQG�XS�LQ�D�SRVLWLYH�GLUHFWLRQ��$�!����VXJJHVW�D�FOXPSHG�
distribution and bars extending down in the negative direction (A < 1) 
suggest a uniform distribution. South Plaza tended towards a uniform 
GLVWULEXWLRQ��EXW�LWV�FRHI¿FLHQW�GLG�QRW�GLIIHU�VLJQL¿FDQWO\�IURP����7DEOH�
����6DQWD�&UX]�ZDV�WKH�RQO\�LVODQG�ZKRVH�FRHI¿FLHQW�$�GLIIHUHG�VLJQL¿-
cantly from 1, and it suggested a clumped distribution of Opuntia spp.

Figure 2: Observations of cactus size and distribution. On Santa Cruz, 
I noticed that smaller cacti often grew in closer proximity to each other 
and between larger cacti. This suggests that age may be a confounding 
variable in the spatial distribution of Opuntia.
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Discussion
� %RWK�RI�WKH�LQLWLDO�K\SRWKHVHV�ZHUH�UHMHFWHG��2SXQWLD�
VSS�� H[KLELWHG� D� UDQGRP�GLVWULEXWLRQ�ZKHQ� WKH� GDWD� IURP� WKH�
WKUHH�LVODQGV�VDPSOHG�ZHUH�FRPELQHG���:KHQ�LVODQGV�ZHUH�H[-
DPLQHG�VHSDUDWHO\��6DQWD�&UX]�GLVSOD\HG�D�GLIIHUHQW��FOXPSHG��
distribution than the other two islands. Because the distribu-
tion of cacti differed among islands, the conclusion that cacti 
are randomly distributed overall is not supported. No general 
conclusion about the spatial distribution of Opuntia spp. on the 
Galapagos Islands can be made as a result of this study. How-
ever, the individual islands may provide insight into patterns 
about Opuntia’s spatial distribution. The distribution on both 
Santa Fe and South Plaza islands was random, which suggests 
that there is no pattern in the distribution of individuals. Cacti 
on Santa Cruz displayed a clumped distribution, suggesting that 
FORVH� SUR[LPLW\� EHWZHHQ� LQGLYLGXDOV� LV� DGYDQWDJHRXV� WR� LQGL-
vidual survival. More research is needed to establish why this 
LV�WKH�FDVH��EXW�WKH�¿UVW�VWHS�ZRXOG�EH�WR�UHSHDW�WKLV�VWXG\�ZLWK�
more replication and true randomization to determine if these 
trends remain apparent. 
� 7KH�PHWKRGV�RI� WKLV� VWXG\�KDG� WR�EH�PRGL¿HG� LQ�RU-
der to accommodate the protection of habitat and other spe-
FLHV��7KH�PHWKRG�SURSRVHG�E\�&RWWDP�DQG�&XUWLV�����UHTXLUHV�
PHDVXUHPHQWV�WR�EH�WDNHQ�IURP�D�UDQGRP�[�\�FRRUGLQDWH�WR�WKH�
nearest cactus, but transects could only be laid upon predeter-
mined footpaths in order to preserve the integrity of the islands. 
When time and space permitted, measurements were limited to 
WR�D�UDQGRP�[�FRRUGLQDWH��ZKLOH�WKH�\�FRRUGLQDWH�ZDV�VHW�WR���
and resided along the footpath. This limited the sample to cacti 
growing along the paths, and compromised the integrity of the 
randomization, but it was more important to not disturb habi-
WDW�RU�RUJDQLVPV��,I�WKLV�UHVHDUFK�SURMHFW�ZHUH�WR�EH�H[WHQGHG��
special permission could be secured to stray from the paths, 
and researchers could learn to identify wildlife signs so that 
measurements could be taken from true random points without 
posing a threat to other Galapagos species. 
 Limited time also affected our ability to collect data, 
especially on Santa Fe and South Plaza. On each of these two 
LVODQGV�� RQO\� VL[� GDWD� SRLQWV�ZHUH� FROOHFWHG� GXH� WR� WLPH� FRQ-
straints on each island, and it was often not possible to lay a 
WUDQVHFW��7KHUHIRUH��PDQ\�RI�WKH�³UDQGRP´�[�FRRUGLQDWHV�ZHUH�
selected haphazardly as we walked along the islands. The tape 
measure had a limited range, so the points were usually closer 
to the nearest cactus than they might have been if they had been 
truly random. This introduced sampling bias into the study, as 
the area was more likely to be sampled if there were cacti near 
HQRXJK�WR�WKH�SDWK�WR�EH�PHDVXUHG��7KLV�FRXOG�KDYH�DUWL¿FLDOO\�
decreased both the P and I measurements for any particular data 
point. 
� +RZHYHU��WKHVH�OLPLWDWLRQV�GR�QRW�H[SODLQ�ZK\�2SXQ-
WLD� VSS�� H[KLELWHG� D� FOXPSHG� GLVWULEXWLRQ� RQ� 6DQWD� &UX]�� 2Q�
WKLV�LVODQG��WKH�SXEOLVKHG�SURWRFRO�PRVW�FORVHO\��¿YH�LQGHSHQ-

dent transects were laid along the path, and three data points 
ZHUH�WDNHQ�DORQJ�HDFK�WUDQVHFW��7KH�GDWD�VKRZHG�D�VLJQL¿FDQW�
FOXPSHG�GLVWULEXWLRQ��WKH�RSSRVLWH�UHVXOW�WKDQ�H[SHFWHG��7KLV�UH-
sult suggests that competition for water is not the primary driv-
er of the location of individual cacti. Age of the cacti may have 
been a confounding variable. Measurements were taken to the 
QHDUHVW�FDFWXV��UHJDUGOHVV�RI�WKH�DJH��DSSUR[LPDWHG�E\�QXPEHU�
RI�SDGV�������6RPHWLPHV�WKLV�PHDQW�PHDVXULQJ�WR�D�YHU\�VPDOO�
FDFWXV��FRPSULVHG�RI����SDGV��:KLOH�WDNLQJ�PHDVXUHPHQWV�RQ�
Santa Cruz in particular, it was noted that these smaller cac-
ti were normally closer to each other and to the larger cacti 
WKDQ� RWKHU� ODUJHU� FDFWL� �)LJXUH� ����7KLV�PD\� VXJJHVW� WKDW� WKH�
younger cacti are the offspring of the older cacti. In addition, 
there were also no land iguanas on the island of Santa Cruz, 
ZKLFK�DOORZV�WKH�FDFWL�WR�JURZ�PRUH�VORZO\�DQG�RU�UHFUXLW�WKH�
population more successfully. On the other hand, South Plaza 
displayed a distribution that leaned towards uniform, although 
LW�GLG�QRW�GLIIHU�VLJQL¿FDQWO\�IURP�D�UDQGRP�GLVWULEXWLRQ��7KLV�
island contained numerous bird colonies and land iguanas, both 
of which may have prevented the successful growth of younger 
Opuntia through crowding, trampling, or herbivory. This ob-
servation suggests that the older Opuntia were more uniformly 
distributed, but the younger, smaller Opuntia displayed a more 
random or even clumped distribution where they are allowed 
to grow more slowly alongside older, potentially parental in-
GLYLGXDOV��$GGLWLRQDOO\��0DQGXMDQR�HW� DO�� IRXQG� WKDW��[�PRUH�
young globose cacti successfully established under a nurse 
SODQW�WKDQ�LQ�EDUH�DUHDV�GXH�WR�D�GHFUHDVH�LQ�GLUHFW�VXQOLJKW������
This may indicate that young cacti thrive better under a larger 
plant, although this may be more related to a commensalism re-
ODWLRQVKLS�ZKHUH�WKH�\RXQJ�FDFWL�EHQH¿W�DQG�WKH�ROGHU�FDFWXV�LV�
XQDIIHFWHG��WKDQ�LW�LV�WR�LQWUDVSHFL¿F�FRPSHWLWLRQ�IRU�UHVRXUFHV��
A future study might consider recording the distance between 
FDFWL�DQG�DOVR�WKH�VL]H�DQG�RU�QXPEHU�RI�SDGV�IRU�LQGLYLGXDOV�WR�
H[SORUH�UHODWLRQVKLSV�EHWZHHQ�VSDFLQJ�DQG�DJH��
 The spatial distribution of large plants provides insight 
into which factors are most important to their growth and re-
SURGXFWLRQ��)RU�H[DPSOH��%pODQG�HW�DO��XVHG�VSDWLDO�GLVWULEXWLRQ�
to determine that the interaction between birch and pine trees 
LV�SULPDULO\�GXH�WR�LQWHUVSHFL¿F�FRPSHWLWLRQ�IRU�VRLO�UHVRXUFHV�
�����=KDQJ�HW�DO��VKRZHG�WKDW�&KLQHVH�SLQH�VWDQGV�DUH�GLVWULE-
uted in dense but randomly distributed groups, which makes 
them a good candidate for thinning to promote greater species 
GLYHUVLW\������6WXG\LQJ�WKH�VSDWLDO�GLVWULEXWLRQ�RI�2SXQWLD�FDFWL�
could lead to similar discoveries about the cacti’s greatest lim-
iting factors and best management practices. There has been 
very little research done on the spatial distribution of Opuntia, 
RU�RWKHU�FDFWL��VR�IXUWKHU�VWXG\�LQ�WKLV�DUHD�FRXOG�¿OO�LQ�D�JDS�LQ�
our knowledge of how arid ecosystems function. It also gives 
us greater predictive power about how global climate change 
will affect the cacti, and allows us to manage the genus more 
effectively in the future.  
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Abstract
� &UD\¿VK�DQG�FDGGLVÀLHV�ERWK�SOD\�LPSRUWDQW�UROHV�DV�
GHWULWLYRUHV�LQ�VWUHDPV��+RZHYHU��FUD\¿VK�RFFXS\�D�FRPSOH[�
trophic role as omnivores, consuming both plant material and 
RWKHU�KHUELYRUHV��7KHLU�UHODWLRQVKLS�ZLWK�FDGGLVÀLHV�H[HPSOL-
¿HV�WKH�FUD\¿VK¶V�FRPSOH[�WURSKLF�UROH��&UD\¿VK�PD\�HLWKHU�
reduce plant material by feeding or increase plant material 
YLD�WRS�GRZQ�FRQWURO�RQ�FDGGLVÀ\�KHUELYRU\��,W�LV�XQNQRZQ�
whether their role as predator or their role as herbivore is 
more impactful in stream communities. I hypothesized that in 
WKH�SUHVHQFH�RI�ERWK�FDGGLVÀLHV�DQG�FUD\¿VK��OHVV�YHJHWDWLRQ�
ZRXOG�EH�FRQVXPHG�WKDQ�LQ�VLWXDWLRQV�ZKHUH�FUD\¿VK�DORQH�
ZHUH�SUHVHQW�DV�WKH�FUD\¿VK�ZRXOG�HDW�FDGGLVÀLHV�LQVWHDG�RI�
SODQW�PDWHULDO��&UD\¿VK�SUHGDWLRQ�RQ�FDGGLVÀLHV�ZRXOG�UHGXFH�
WKH�KHUELYRU\�RI�ERWK�WKH�FUD\¿VK�DQG�WKH�FDGGLVÀLHV��&DJ-
es were stocked with plant matter and either no organisms, 
FUD\¿VK�RQO\��FDGGLVÀLHV�RQO\��RU�ERWK�FUD\¿VK�DQG�FDGGLVÀLHV��
7KH�FDJHV�ZLWK�FUD\¿VK�KDG�PRUH�SODQW�PDWWHU�FRQVXPHG�WKDQ�
WKRVH�ZLWKRXW��DQG�WKH�SUHVHQFH�RI�FDGGLVÀLHV�KDG�QR�VLJQL¿-
FDQW�LPSDFW�LQ�DQ\�WUHDWPHQW��1R�FDGGLVÀLHV�ZHUH�FRQVXPHG�
E\�FUD\¿VK��2YHUDOO��WKH�SUHVHQFH�RI�FDGGLVÀLHV�ZDV�QRW�VKRZQ�
WR�UHGXFH�FUD\¿VK�IRUDJLQJ�RQ�YHJHWDWLRQ��)XUWKHU�VWXG\�LV�
QHHGHG�WR�H[SORUH�WKH�LQWHUDFWLRQ�EHWZHHQ�FUD\¿VK�DQG�FDGGLV-
ÀLHV�

Introduction
 In streams, many macroinvertebrates keep the water 
clear and free of rotting organic matter by consuming leaf lit-
ter, periphyton, aquatic plants, and various detritus. Northern 
FDGGLVÀ\� ODUYD� �3\FQRSV\FKH� VSS��� DQG� QRUWKHUQ� FOHDUZDWHU�
FUD\¿VK� �2UFRQHFWHV� SURSLQTXXV�� DUH� WZR�PDFURLQYHUWHEUDWHV�
common in Midwestern United States streams. Pycnopsyche 
are important detritivores in cool, woodland streams (Wiggins 
�������FRQVXPLQJ�DOORFKWKRQRXV�FDUERQ�PRVWO\�LQ�WKH�IRUP�RI�
IDOOHQ�OHDYHV��+XWFKHQV�HW��DO��������1RUWKHUQ�FOHDUZDWHU�FUD\-
¿VK�LQKDELW�D�FRPSOH[�WURSKLF�UROH�DV�RPQLYRUHV�DQG��LQ�DGGL-
tion to acting as detritivores and herbivores, act as predators 
on smaller macroinvertebrates. However, it is not well known 
ZKHWKHU� FUD\¿VK� SOD\� D� PRUH� VLJQL¿FDQW� UROH� DV� KHUELYRUHV��
reducing leaf litter, or as predators, controlling populations of 

herbivores and detritivores and therefore preserving leaf litter 
�/RGJH�HW��DO��������
� &DGGLVÀ\� �7ULFKRSWHUD�� ODUYDH� DUH� SDUW� RI� WKH� ZLGH-
O\�XVHG� (37� �(SKHPHURSWHUD� 3OHFRSWHUD� 7ULFKRSWHUD�� ,QGH[�
used for water quality and their presence generally indicates 
FOHDQHU�ZDWHU��0DVHVH�DQG�5DEXUX��������,W�LV�LPSRUWDQW�WR�XQ-
GHUVWDQG� RWKHU� LPSDFWV� RQ� FDGGLVÀ\� SUHVHQFH�� VXFK� DV� SUHGD-
WLRQ��LQ�RUGHU�WR�EHWWHU�XQGHUVWDQG�WKH�H[WHQW�RI�WKHLU�SUHVHQFH�DV�
D�PHWULF�RI�ZDWHU�TXDOLW\��)RU�H[DPSOH��LI�FUD\¿VK�SUH\�RQ�FDG-
GLVÀLHV�KHDYLO\��WKHQ�D�GLIIHUHQFH�LQ�7ULFKRSWHUD�DEXQGDQFH�LQ�
WZR�VWUHDPV�PD\�EH�GXH�WR�WKH�SUHVHQFH�RI�FUD\¿VK�UDWKHU�WKDQ�
D�GLVSDULW\�LQ�ZDWHU�TXDOLW\��7KLV�VWXG\�H[SORUHV�WKH�FDGGLVÀLHV¶�
role in the ecosystem, both as consumers and as prey. 
 Orconectes Propinquus are regarded as ecosystem 
engineers in forested, headwater streams for their reduction 
LQ�WKH�DEXQGDQFH�RI�¿QH�SDUWLFXODWH�PDWWHU��ZKLFK�RSHQV�KDE-
LWDW� IRU�+HSWDJHQLLG�PD\À\� ODUYDH��7KH\�DOVR� LPSDFW� WKH� UDWH�
RI�GHWULYRU\�LQ�WKH�VWUHDP��ZKLFK�LQÀXHQFHV�WKH�EHQWKLF�KDELWDW�
E\� UHPRYLQJ�GHFRPSRVLQJ�PDWHULDO� �&UHHG��������2��SURSLQ-
quus have been found to be important “gardeners” in stream 
ecosystems, their foraging determining the presence or absence 
RI�&ODGRSKRUD�RQ�VWUHDP�EHGV��+DUW��������7KH\�VFDYHQJH�GH-
tritus and a variety of other macroinvertebrates including other 
FUD\¿VK��&DSHOOL��������2PQLYRURXV�FUD\¿VK�KDYH�EHHQ�IRXQG�
to be key in breaking down leaf litter in their streams (Zhang 
HW��DO��������DQ�LPSRUWDQW�SDUW�RI� LQFRUSRUDWLQJ�DOORFKWKRQRXV�
carbon into a stream ecosystem. It is becoming more important 
WR�VWXG\�WKH�UROH�RI�2��SURSLQTXXV�DV�WKH�LQYDVLYH�UXVW\�FUD\¿VK�
�2UFRQHFWHV� UXVWLFXV�� VSUHDGV� WKURXJKRXW�0LFKLJDQ� DQG�:LV-
FRQVLQ� DQG� RXWFRPSHWHV� 2�� SURSLQTXXV� �&DSHOOL� DQG� 0XQMDO�
�������7KLV�VWXG\�VHHNV�WR�LQYHVWLJDWH�ZKHWKHU�WKH�DYDLODELOLW\�
RI�FDGGLVÀLHV�DV�SUH\�IRU�FUD\¿VK�LPSDFWV�WKHLU�UROH�DV�JUD]HUV�
in Tenderfoot Creek, a stream in Michigan inhabited by both or-
ganisms. This information would shed light on the mechanisms 
E\�ZKLFK�FUD\¿VK�HQJLQHHU�WKHLU�HFRV\VWHPV�
� ,�SUHGLFWHG�WKDW�WKH�SUHVHQFH�RI�FDGGLVÀLHV�ZRXOG�GH-
FUHDVH�WKH�DPRXQW�RI�OHDI�PDWHULDO�WKDW�FUD\¿VK�HDW�EHFDXVH�WKH\�
ZRXOG�SUH\�RQ�FDGGLVÀLHV��VDWLDWLQJ�WKH�FUD\¿VK�LQ�DGGLWLRQ�WR�
FRQWUROOLQJ� WKH�DPRXQW� WKH�FDGGLVÀLHV�HDW��7KH�VWDWLVWLFDO�QXOO�
K\SRWKHVLV� LV� WKDW� JURXSV�RI� FUD\¿VK� DORQH�� FDGGLVÀLHV� DORQH��
FUD\¿VK�DQG�FDGGLVÀLHV�WRJHWKHU��DQG�D�FRQWURO�JURXS�ZLWK�QHL-
WKHU�FUD\¿VK�QRU�FDGGLVÀLHV�ZLOO�DOO�VHH�WKH�VDPH�DPRXQW�RI�OHDI�
PDWHULDO�FRQVXPHG�RYHU�D�VL[�GD\�SHULRG��7KH�ELRORJLFDO�QXOO�
K\SRWKHVLV�LV� WKDW� WKH�JURXS�ZLWK�FUD\¿VK�DQG�FDGGLVÀLHV�ZLOO�
consume the same amount of leaf material as the sum of the 
FUD\¿VK�RQO\�JURXS�DQG�WKH�FDGGLVÀ\�RQO\�JURXS�

Methods and Material
Study site
 The portion of Tenderfoot Creek used is located on the 
University of Notre Dame’s Environmental Research Center, a 
facility in Michigan’s upper peninsula that is largely reserved 
IRU�UHVHDUFK�SXUSRVHV�DQG�LV�IUHH�IURP�VLJQL¿FDQW�KXPDQ�GHYHO-
RSPHQW��7HQGHUIRRW�&UHHN�LV�D�¿UVW�RUGHU�VWUHDP�ÀRZLQJ�RXW�RI�
Tenderfoot Lake and a tributary of the Ontonagon River Water-
shed. This study took place in early July 2019.
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Study organisms
 We collected all study organisms in the Ontonagon 
5LYHU�:DWHUVKHG��:H� FROOHFWHG� WKH� FDGGLVÀ\� VSHFLPHQV� IURP�
the stream by hand under rocks, on sticks, and on the skeleton 
of a white-tailed deer, which suggests that they feed on a vari-
ety of detritus along with their main diet of leaf litter. We also 
IRXQG�DQG�FROOHFWHG�FUD\¿VK�E\�KDQG�LQ�URFN\�DUHDV�RI�VKDOORZ�
streambed.

Experimental apparatus
� :H�SODFHG�������FP�E\����FP�XQJOD]HG�FOD\�WLOHV�LQ�
¿QH�ZLUH�PHVK�FDJHV�WKDW�H[FOXGHG�DOO�EXW�WKH�VPDOOHVW�PDFUR-
LQYHUWHEUDWHV� LQ�D�VHPL�VKDGHG�ULIÀH� LQ�7HQGHUIRRW�&UHHN��:H�
placed one leaf of romaine lettuce cut to the same length as 
the tile in each cage and weighed them down with a small, dry, 
clean rock from the shoreline. We chose lettuce for its ease of 
acquisition and because of its large leaves, which were easy to 
PHDVXUH�DQG�WR�SUHYHQW�IURP�ÀRDWLQJ�LQ�WKH�FDJHV��:H�ZHLJKHG�
each lettuce piece before placing it in its cage. 

Estimating initial dry weight of experimental lettuce
 We weighed another, similar group of lettuce pieces 
DQG�GULHG�WKHP�DW���Û&�XQWLO�WKH\�UHDFKHG�D�FRQVWDQW�ZHLJKW�DI-
ter one day, then weighed them again. We used a linear regres-
sion between these initial weights and dry weights to estimate 
ZKDW�WKH�LQLWLDO�GU\�ZHLJKW�RI�WKH�H[SHULPHQWDO�OHWWXFH�XVHG�LQ�
WKH�FDJHV�ZRXOG�KDYH�EHHQ�KDG�LW�EHHQ�GULHG��)LJXUH�����

Figure 1. Linear regression shows the relationship between the initial 
wet weight of a group of romaine lettuce leaves and their dry weight 
DIWHU�EHLQJ�GULHG�DW���Û&�XQWLO�UHDFKLQJ�D�FRQVWDQW�ZHLJKW�DIWHU�RQH�
day. This expression (Dry weight = 0.0699 * Wet weight + 0.0282) 
was used to estimate the initial dry weight of the lettuce used in the 
experiment.

 We used this estimation to avoid drying the lettuce be-
fore putting it in the stream, where it would likely have disin-
tegrated and would not have imitated the fresh vegetation that 
IRUDJHUV�JHQHUDOO\�¿QG�LQ�VWUHDPV�

Experimental design and procedure
� :H�UDQGRPO\�DVVLJQHG�HDFK�H[SHULPHQWDO�FDJH�RQH�RI�
IRXU�WUHDWPHQWV��FRQWURO��FDGGLVÀLHV�RQO\��FUD\¿VK�RQO\��RU�ERWK�
FDGGLVÀLHV�DQG�FUD\¿VK��7KH�FRQWURO�JURXS�KDG�RQO\�WKH�OHWWXFH��

the tile, and the rock in the cages with no other organisms add-
HG��7KH�FDGGLVÀLHV�RQO\�JURXS�KDG� WZR�FDGGLVÀLHV�SODFHG� LQ-
VLGH�WKH�FDJH�LQ�DGGLWLRQ�WR�WKH�FRQWURO�VHWXS��7KH�FUD\¿VK�RQO\�
JURXS�KDG�RQH�FUD\¿VK�DGGHG�LQ�DGGLWLRQ�WR�WKH�FRQWURO�VHWXS��
DQG�WKH�FDGGLVÀLHV�DQG�FUD\¿VK�JURXS�KDG�WZR�FDGGLVÀLHV�DQG�
RQH�FUD\¿VK�DGGHG�LQ�DGGLWLRQ�WR�WKH�FRQWURO�VHWXS��7KH�FUD\¿VK�
XVHG�KDG�DQ�DYHUDJH�FDUDSDFH�OHQJWK�RI��������������PP�
� 2YHU� WKH� FRXUVH� RI� WKH� H[SHULPHQW�� WKH� ZDWHU� OHYHO�
dropped in the stream due to the summer heat. We checked 
the cages every two days and moved them closer to the center 
of the creek in order to keep the bottoms of the cages in ap-
SUR[LPDWHO\���FP�RI�ZDWHU��2QH�FUD\¿VK�GLHG�LQ�WKH�FRXUVH�RI�
WKH�H[SHULPHQW�DQG�ZDV�UHSODFHG��7ZR�GHDG�FDGGLVÀLHV�LQ�WKH�
FDGGLVÀ\�RQO\� H[SHULPHQWDO� JURXS�ZHUH� UHSODFHG� LQ� D� VLPLODU�
PDQQHU��,I�D�FDGGLVÀ\�KDG�GLHG�LQ�WKH�FDJHV�ZLWK�ERWK�FUD\¿VK�
DQG�FDGGLVÀLHV��ZH�ZRXOG�QRW�KDYH�UHSODFHG�WKHP�DV�WKH\�ZRXOG�
KDYH�EHHQ�DVVXPHG�WR�KDYH�EHHQ�SUHGDWHG�E\�WKH�FUD\¿VK��7KH�
FDJHV�UHPDLQHG�LQ�WKH�VWUHDP�IRU�VL[�GD\V��ZKHQ�WKH�OHWWXFH�WKDW�
had been eaten the most was close to disappearing. After re-
trieval from the stream, we lightly rinsed the lettuce to remove 
VLOW�ZKLOH�PDLQWDLQLQJ�VWUXFWXUDO�LQWHJULW\��GULHG�LW�DW���Û&�XQWLO�
it reached a constant weight after one day, and weighed it.
 The difference between initial estimated dry weight of 
WKH�OHWWXFH�DQG�WKH�¿QDO�GU\�ZHLJKW�RI�WKH�OHWWXFH�IURP�HDFK�FDJH�
was considered the mass of lettuce consumed. We conducted a 
RQH�ZD\�$129$�WR�GHWHUPLQH�LI�WKHUH�ZDV�D�VLJQL¿FDQW�GLIIHU-
ence between the mass of lettuce consumed between the treat-
PHQWV�XVLQJ�56WXGLR���������56WXGLR��%RVWRQ��0DVVDFKXVHWWV���

Results
� $IWHU�FRQ¿UPLQJ�WKH�QRUPDOLW\�RI�WKH�PDVV�RI�OHWWXFH�
consumed data for all 20 cages with a Shapiro-Wilk normality 
WHVW� �S ��������� D�RQH�ZD\�$129$�VKRZHG� WKDW� WKHUH�ZDV�D�
VLJQL¿FDQW�GLIIHUHQFH�EHWZHHQ�WKH�PDVV�RI�OHWWXFH�FRQVXPHG�LQ�
GLIIHUHQW�H[SHULPHQWDO�JURXSV��PHDQ�PDVV�RI�OHWWXFH�FRQVXPHG�
��VWDQGDUG�GHYLDWLRQ��FRQWURO� �������������J��FUD\¿VK�RQO\� �
�����������J��FDGGLVÀLHV�RQO\� �������������J��ERWK�FUD\¿VK�DQG�
FDGGLVÀLHV� �������������J��)���� �������S ��������)LJXUH����

Figure 2. Bar graph of mass of lettuce consumed (g) for each exper-
imental group. The error bars indicate standard deviation. The two 
JURXSV�ZLWK�FUD\¿VK�FRQVXPHG�VLJQL¿FDQWO\�PRUH� OHWWXFH� WKDQ� WKRVH�
ZLWKRXW�FUD\¿VK�
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� $� 7XNH\¶V� +RQHVWO\� 6LJQL¿FDQW� 'LIIHUHQFH� 7HVW�
VKRZHG� WKDW� WKH�FUD\¿VK�RQO\�JURXS�DQG� WKH�JURXS�ZLWK�ERWK�
FDGGLVÀLHV�DQG�FUD\¿VK�GLG�QRW�GLIIHU�VLJQL¿FDQWO\��S ���������
7KH�FRQWURO�JURXS�GLG�QRW�GLIIHU� VLJQL¿FDQWO\� IURP� WKH�JURXS�
ZLWK�RQO\�FDGGLVÀLHV��S ���������7KH�FUD\¿VK�RQO\�JURXS�VLJ-
QL¿FDQWO\�GLIIHUHG�IURP�WKH�FDGGLVÀ\�RQO\�JURXS��S ���������DV�
ZHOO�DV�IURP�WKH�FRQWURO�JURXS��S ���������7KH�JURXS�ZLWK�ERWK�
FDGGLVÀLHV�DQG�FUD\¿VK�GLIIHUHG�IURP�WKH�FDGGLVÀ\�RQO\�JURXS�
�S �������� DQG� IURP� WKH� FRQWURO� JURXS� �S ��������� DOWKRXJK�
RQO\�PDUJLQDOO\�VLJQL¿FDQWO\�ZLWK�DOSKD�VHW�WR�����
� 2Q� DYHUDJH�� WKH� FDJHV� WKDW� FRQWDLQHG� D� FUD\¿VK� KDG�
������������J�RI�OHWWXFH�FRQVXPHG��ZKLOH�WKH�FDJHV�WKDW�GLG�QRW�
FRQWDLQ�FUD\¿VK�KDG�������������J�RI�OHWWXFH�FRQVXPHG�

Discussion
 This study sought to investigate the impact of the pres-
HQFH�RI�FDGGLVÀLHV�RQ�WKH�WURSKLF�UROH�RI�FUD\¿VK��7KH�UHVXOWV�
RI�WKLV�VWXG\�LQGLFDWH�PLQLPDO�LQWHUDFWLRQ�EHWZHHQ�FUD\¿VK�DQG�
FDGGLVÀLHV��DW� OHDVW�DV� UHJDUGV�SUHGDWLRQ��$OVR�� WKH�FDGGLVÀLHV�
DWH�D�QHJOLJLEOH�DPRXQW�RI�YHJHWDWLRQ�FRPSDUHG�WR�WKH�FUD\¿VK��
$V�IRU�WKH�(37�LQGH[��LW�DSSHDUV�DV�WKRXJK�SUHGDWLRQ�E\�2��SUR-
SLQTXXV�GRHV�QRW�KDYH�DQ�LPSDFW�RQ�WKH�SUHVHQFH�RI�FDGGLVÀLHV�
LQ�WKH�JHQXV�3\FQRSV\FKH��7KHVH�FDGGLVÀLHV�GR�QRW�DSSHDU�WR�
EH�D� FRPSRQHQW��PXFK� OHVV� DQ� LPSRUWDQW�RQH��RI� WKH�FUD\¿VK�
GLHW��%HFDXVH�QR�FUD\¿VK�DWH�FDGGLVÀLHV��LW�LV�LPSRVVLEOH�WR�WHOO�
ZKHWKHU�JLYLQJ�WKH�FUD\¿VK�SUH\�WR�IHHG�RQ�ZRXOG�GHFUHDVH�WKH�
amount of vegetation eaten in the system. This limits the scope 
RI�WKLV�VWXG\�WR�WKH�LPSDFW�RI�FDGGLVÀ\�ODUYDH�SUHVHQFH�RQ�FUD\-
¿VK�KHUELYRU\��ZKLFK� DSSHDUV� WR� EH�QRQH��2XU� VWDWLVWLFDO� QXOO�
K\SRWKHVLV�KDV�EHHQ�UHMHFWHG��EXW�WKH�ELRORJLFDO�QXOO�K\SRWKHVLV�
has not. While there may be secondary interactions between the 
WZR�VSHFLHV�DV�FUD\¿VK�HQJLQHHU�WKHLU�HQYLURQPHQWV��WKLV�VWXG\�
shows no direct interaction.
� 8QVXUSULVLQJO\��WKLV�VWXG\�VDZ�WKDW�FDJHV�ZLWK�FUD\¿VK�
GLIIHUHG�IURP�WKRVH�ZLWKRXW��+RZHYHU��WKH�FDGGLVÀ\�JURXS�GLG�
QRW�GLIIHU�IURP�WKH�FRQWURO��&DGGLVÀLHV�GLG�QRW�VLJQL¿FDQWO\�UH-
GXFH�OHWWXFH�PDVV�WKURXJK�IHHGLQJ��,Q�WKH�¿HOG��,�REVHUYHG�VPDOO�
KROHV� LQ� WKH� OHWWXFH�RI� WKH� FDJHV�ZLWK�RQO\�FDGGLVÀLHV��ZKLFK�
I believe to be evidence of herbivory. However, it is possible 
these holes were the result of microbial decomposition. I rec-
RPPHQG�IXUWKHU�VWXGLHV�ZLWK�JUHDWHU�QXPEHUV�RI�FDGGLVÀLHV�WR�
LQYHVWLJDWH�ZKHWKHU�WKH\�FRQVXPH�D�VLJQL¿FDQW�DPRXQW�RI�OHDI�
PDWHULDO��,W�FRXOG�DOVR�EH�WKH�FDVH�WKDW�FDGGLVÀLHV�GR�QRW�HDW�OHW-
WXFH�VSHFL¿FDOO\�EXW�ZRXOG�HDW�DQRWKHU�VRXUFH�RI�OHDI�PDWHULDO��
$OWKRXJK�WKH�FDGGLVÀLHV�GLG�QRW�VLJQL¿FDQWO\�GLPLQLVK�WKH�OHDI�
material provided for them, they do play a role as consumers of 
OHDI�OLWWHU�LQ�WKHLU�HFRV\VWHPV��7RUQZDOO�DQG�&UHHG��������DQG�,�
H[SHFW�,�ZRXOG�KDYH�VHHQ�HYLGHQFH�RI�WKLV�KDG�WKH�H[SHULPHQW�
EHHQ�UXQ�IRU�ORQJHU�RU�ZLWK�PRUH�FDGGLVÀLHV�
� $Q� XQH[SHFWHG� UHVXOW� ZDV� WKDW� WKHUH� ZDV� QR� SUHGD-
WLRQ� RI� FDGGLVÀLHV� E\� FUD\¿VK� WKURXJKRXW� WKH� GXUDWLRQ� RI� WKH�
VWXG\��*LYHQ�WKDW�FUD\¿VK�WKULYH�RQ�D�GLHW�ZLWK�ERWK�PDFURLQ-
vertebrates and vegetation or macroinvertebrates only over a 
YHJHWDWLRQ� RQO\� GLHW�� ,� H[SHFWHG� WKDW� FUD\¿VK�ZRXOG� SUH\� RQ�
WKH�DYDLODEOH�PDFURLQYHUWHEUDWHV��+LOOV�HW��DO��������7KHUH�DUH�
VHYHUDO�SRVVLEOH�H[SODQDWLRQV�IRU�WKLV�ODFN�RI�SUHGDWLRQ��:KLOH�
WKH�FUD\¿VK�DUH�RSSRUWXQLVWLF�VFDYHQJHUV� WKDW� IHHG�RQ�DTXDWLF�

LQVHFWV��,�FRXOG�QRW�¿QG�UHFRUG�RI�WKHP�VSHFL¿FDOO\�IHHGLQJ�RQ�
7ULFKRSWHUD� ODUYDH��&DSHOOL��������3HUKDSV�FDGGLVÀLHV�DUH� WRR�
ZHOO�GHIHQGHG�E\� WKHLU� FDVHV� IRU� WKH� VPDOO� FUD\¿VK� WR�H[WUDFW�
WKHP��,W� LV�DOVR�SRVVLEOH�WKDW�WKH�FUD\¿VK�ZHUH�VDWLDWHG�E\�WKH�
lettuce, which was easy to access, and did not feel pressure to 
H[HUW�WKHPVHOYHV�E\�KXQWLQJ�WKH�FDGGLVÀLHV��,W�LV�SRVVLEOH�WKDW�LI�
WKH�FUD\¿VK�KDG�UXQ�RXW�RI�OHWWXFH�EHIRUH�WKH�HQG�RI�WKH�H[SHUL-
PHQW��WKH\�ZRXOG�KDYH�SUH\HG�RQ�WKH�FDGGLVÀLHV��$�IXWXUH�VWXG\�
FRXOG�SODFH�FUD\¿VK�DQG�FDGGLVÀLHV�WRJHWKHU�ZLWK�QR�DOWHUQDWH�
IRRG�VRXUFH�IRU�WKH�FUD\¿VK�WR�VHH�LI�FUD\¿VK�SUH\�XSRQ�FDGGLV-
ÀLHV�ZKHQ�WKH\�DUH�WKHLU�RQO\�RSWLRQ�IRU�IRRG�
� $GGLWLRQDOO\��WKH�FDGGLVÀLHV�VRPHWLPHV�ZHGJHG�WKHP-
selves between the tile and the cage wall, which could be an ef-
IHFWLYH�KLGLQJ�WHFKQLTXH��+RZHYHU��FUD\¿VK�ZRXOG�DOVR�ZHGJH�
WKHPVHOYHV� LQ� WKLV� DUHD� RI� WKH� FDJH�� VR� ,� ¿QG� LW� XQOLNHO\� WKDW�
WKH�FDGGLVÀLHV�ZRXOG�KDYH�EHHQ�DEOH�WR�HYDGH�WKH�FUD\¿VK�KDG�
WKH\�GHFLGHG�WR�DWWDFN�H[FHSW�E\�UHFHGLQJ�LQWR�WKHLU�FDVHV��7KH�
FDVHV�RI�WKH�FDGGLVÀLHV�QRW�RQO\�SURYLGH�D�SK\VLFDO�VKLHOG�IURP�
DWWDFN��EXW�SUREDEO\�DOVR�DOORZ�WKH�FDGGLVÀ\�WR�HOXGH�WKH�DWWHQ-
WLRQ�RI�FUD\¿VK�GXH� WR� WKHLU�QRQGHVFULSW�DSSHDUDQFH��'XI¿HOG�
HW�� DO� �������7KH� FDGGLVÀLHV¶� GHIHQVHV� DSSHDU� WR� KDYH� VHUYHG�
them well as they evaded predation in a small enclosure with a 
FUD\¿VK�IRU�VL[�GD\V��$QRWKHU�VWXG\�FRXOG�SUHVHQW�FUD\¿VK�ZLWK�
FDGGLVÀLHV�ZLWK�DQG�ZLWKRXW�WKHLU�FDVHV�WR�WHVW� WKH�HI¿FDF\�RI�
WKH�FDVH�LQ�GHWHUULQJ�FUD\¿VK�SUHGDWLRQ�
� $QRWKHU�SRVVLEOH�H[SODQDWLRQ�LV�WKDW�WKH�FUD\¿VK�ZRU-
ried more about being eaten themselves than about eating other 
PDFURLQYHUWHEUDWHV��7KLV�VWXG\�XVHG�VPDOO�FUD\¿VK��ZKLFK�DUH�
SUHGDWHG�E\�QDWLYH�¿VK��'LGRQDWR�DQG�/RGJH��������6FKRROV�RI�
VPDOO�¿VK�GLG�RFFDVLRQDOO\�VZLP�LQ�WKH�YLFLQLW\�RI�WKH�H[SHUL-
PHQWDO�FDJHV�GXULQJ�WKLV�VWXG\��3HUKDSV�FUD\¿VK�ZHUH�PRUH�FDX-
WLRXV�DQG�KLG�XQGHU�WKH�OHWWXFH�WR�DYRLG�¿VK�LQVWHDG�RI�DFWLYHO\�
KXQWLQJ��$QRWKHU� VWXG\� VKRXOG� XVH� GLIIHUHQW� VL]HV� RI� FUD\¿VK�
to see if there is a relationship between size and predation on 
FDGGLVÀLHV�
� 7KLV�H[SHULPHQW� IRFXVHG�VROHO\�RQ� WKH� LQWHUDFWLRQ�RI�
FUD\¿VK�DQG�FDGGLVÀLHV�RQ�WKH�JUD]LQJ�SRWHQWLDO�RI�ERWK�VSHFLHV��
However, this is a limited view of the whole stream ecosystem. 
)XUWKHU�REVHUYDWLRQDO�VWXGLHV�RI�DUHDV�ZLWK�DQG�ZLWKRXW�FUD\¿VK�
DQG�FDGGLVÀLHV�DUH�QHHGHG�WR�IXOO\�XQGHUVWDQG�KRZ�WKLV�UHODWLRQ-
VKLS� IXQFWLRQV� LQ� WKH�FRQWH[W�RI� WKH�VWUHDP��2WKHU�DYHQXHV�RI�
SRWHQWLDO�IXWXUH�UHVHDUFK�LQFOXGH�RIIHULQJ�WKH�FUD\¿VK�GLIIHUHQW�
SUH\� WR�JHW�D�FOHDUHU�SLFWXUH�RI�KRZ�KXQWLQJ� LPSDFWV�FUD\¿VK�
herbivory and comparing the behavior of different species of 
FUD\¿VK��6SHFL¿FDOO\��,�UHFRPPHQG�PD\À\�ODUYDH�DV�WKH�RIIHUHG�
prey because they have been found in the stomachs of O. pro-
SLQTXXV��&DSHOOL��������
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Abstract
 Lakes and wetlands have different mechanisms for 
processing carbon, which is important for understanding the 
world’s capacity to store carbon as a part of the global carbon 
F\FOH��7KLV�UHVHDUFK�H[SORUHV�PLQHUDOL]DWLRQ�UDWHV�LQ�RQH�ODNH�
and one wetland on property at the University of Notre Dame 
(QYLURQPHQWDO�5HVHDUFK�&HQWHU��81'(5&���7KH�¿UVW�K\SRWK-
esis was that wetland and lake ecosystems would demonstrate 
distinct mineralization rates. Second, it was hypothesized 
that carbon mineralization in water sample vials would not be 
affected if these vials were placed in opposite ecosystem lo-
cations from their respective origins (which primarily isolates 
WHPSHUDWXUH�DQG�OLJKW�DV�NH\�IDFWRUV���$�³KRPH�YHUVXV�DZD\´�
H[SHULPHQWDO�GHVLJQ�ZDV�LPSOHPHQWHG�LQ�0RUULV�/DNH�DQG�D�
neighboring wetland. After collecting absorbance measure-
PHQWV�IURP�HDFK�RI�WKH�VDPSOHV��H[SRQHQWLDO�GHFD\�PRGHOV�
were created and their k-constants were compared. Paired 
W�WHVWV��SDUDPHWULF��DQG�SDLUHG�0DQQ�:KLWQH\�WHVWV��QRQ�SDUD-
PHWULF��ZHUH�SHUIRUPHG�WR�FRPSDUH�PLQHUDOL]DWLRQ�UDWHV�IURP�
the four possible scenarios combining two water sample types 
with two environmental settings. The sampling time frame 
was unfortunately too long, and DOC mineralization was 
overtaken eventually by heterotroph mortality and breakdown. 
:KLOH�UHVXOWV�ZHUH�QRW�VLJQL¿FDQW��UHJUHVVLRQ�ZDV�IRXQG�WR�EH�
more reliable in lake water absorbance measurements while 
wetland water did not demonstrate easily predictable carbon 
uptake curves. This is especially true due to a lag in uptake no-
ticed in lab-incubated wetland water. A difference was found 
between wetland and lake water absorbance values, which did 
not change when incubated in opposite sites. This study has 
implications for the future of bettering lakes and wetlands to 
potentially sequester more carbon and would ideally warrant 
IXWXUH�H[SORUDWLRQ�WKDW�LQFOXGHV�VDPSOLQJ�PRUH�ODNHV�DQG�ZHW-
lands across multiple times in the summer.
   
Introduction
� 6FLHQWL¿F�XQGHUVWDQGLQJ�KDV�YDVWO\� LPSURYHG�UHJDUG-
ing the processes driving chemical and biological constituent 
quantities in lakes, wetlands, and other inland waters (Travnik 

HW�DO���������&DUERQ�LV�DQ�LPSRUWDQW�IRFXV�IRU�VWXG\��VLQFH�LW�LV�DW�
the forefront of climate research. The current understanding of 
carbon cycling is that inland waters receive, process (Jansson et 
DO���������HPLW��%XWPDQ�DQG�5D\PRQG��������DQG�VWRUH�FDUERQ�
RQ�D�JOREDO�VFDOH��(LQVHOH�HW�DO��������� WKLV�KDV�HYROYHG�IURP�
the belief that lakes are completely isolated systems (Forbes 
�������$Q� H[FKDQJH� H[LVWV� EHWZHHQ� XSVWUHDP� ZDWHUV�� GRZQ-
VWUHDP�OHQWLF��VWLOO�ZDWHU��ERGLHV�VXFK�DV�ODNHV�RU�ZHWODQGV��WKH�
DWPRVSKHUH��DQG� WKH�VHGLPHQW�VLQN��.OLQJ�HW�DO��������� ,Q� WKH�
FRQWH[W�RI�JOREDO�ZDUPLQJ�DQG�FOLPDWH�FKDQJH��DW�WKH�PRVW�ED-
sic level it is important for scientists and community members 
alike to know where carbon goes and in what forms. This way, 
ZH�FDQ�KRSH�WR�PRUH�HI¿FLHQWO\�PLWLJDWH�FDUERQ¶V�HIIHFW�RQ�D�
GLYHUVH��JOREDO�HQYLURQPHQW�VXEMHFW�WR�LQFUHDVHG�DQWKURSRJHQLF�
pressure. 
� 'LVVROYHG�2UJDQLF�&DUERQ� �'2&�� LV� WKH�PRVW� FRP-
mon carbon form in most lakes; it is available as a resource for 
heterotrophs that, unable to photosynthesize, alternatively build 
XS� WKH� FDUERQ� DV� ELRPDVV� DQG� H[FUHWH� LW� DV� GLVVROYHG� FDUERQ�
GLR[LGH��3DFH�HW�DO���������5XQQLQJ�ZDWHUV�VXFK�DV�ULYHUV�DQG�
VWUHDPV�FDUU\�GHJUDGDEOH�RUJDQLF�PDWHULDO�� DUH� DEOH� WR� H[SRUW�
&2��WR�WKH�DWPRVSKHUH��FRQWULEXWH�WR�RXWÀX[�IURP�GRZQVWUHDP�
transport, and participate in sediment burial of carbon and oth-
HU�QXWULHQWV��%XWPDQ�DQG�5D\PRQG��������$GGLWLRQDOO\��VRPH�
LQWHUDFWLRQ�PD\�H[LVW�DORQJ�LQWHUIDFHV�EHWZHHQ�ZHWODQGV��ODNHV��
and other nearby habitats. This could affect the chemical char-
acteristics of these areas and thus the rates of DOC uptake (or 
PLQHUDOL]DWLRQ�IRU�WKH�SXUSRVHV�RI�WKLV�VWXG\���GHSHQGLQJ�RQ�WKH�
pathways with which carbon enters the body of water (Pace et 
DO���������
� 6SHFL¿FDOO\�� WKH�TXHVWLRQ� WKDW� WKLV� VWXG\� VHHNV� WR� LQ-
YHVWLJDWH�LV���+RZ�GRHV�WKH�UDWH�RI�FDUERQ�PLQHUDOL]DWLRQ�GLIIHU�
DFURVV�OHQWLF�DTXDWLF�HFRV\VWHPV"�
 Determining the rates of carbon processing in lentic 
ecosystems is a good way to understand carbon cycling and 
KRZ� WKHVH�GLIIHUHQW� DUHDV�PLJKW� ³UHVSRQG´� WR� DQ� LQÀX[� LQ� DW-
mospheric carbon, or carbon in other forms. Other research 
PD\�EHQH¿W� IURP� WKLV� H[SORUDWLRQ�� HVSHFLDOO\� FRQVLGHULQJ� WKH�
creation of more optimally engineered carbon sequestration 
systems in natural environments. Further investigation in this 
area can also contribute to the development of strategies for 
ecosystem conservation and adaptation to changing climates 
in wetlands, lakes, streams, or other sites. At UNDERC spe-
FL¿FDOO\�� ODUJH�VFDOH� LQYHVWLJDWLRQV�RFFXU� UHJDUGLQJ� ODNH�HFRO-
RJ\�DQG�WKH�LQÀXHQFH�RI�LQFUHDVHG�'2&�OHYHOV��GXEEHG�³ODNH�
EURZQLQJ´��-RQHV�DQG�/HQQRQ���������7KH�LQVLJKWV�IURP�WKHVH�
H[SHULPHQWV�ZRXOG�EHQH¿W�IURP�KDYLQJ�PRUH�NQRZOHGJH�DERXW�
WKH�FDUERQ�XSWDNH�PHFKDQLVPV�RI�VSHFL¿F�ODNHV��DQG�KRZ�PLQ-
eralization may change in the future.  
 There are two hypotheses being tested. First, that wet-
land and lake ecosystems will demonstrate distinct mineraliza-
tion rates; second, that carbon mineralization in water sample 
vials would not be affected if these vials were placed in oppo-
site ecosystem locations from their respective origins (which 
SULPDULO\�LVRODWHV�WHPSHUDWXUH�DQG�OLJKW�DV�NH\�IDFWRUV���0RUH�
VSHFL¿FDOO\�� WKHVH� K\SRWKHVHV� OHDG� WR� WKH� IROORZLQJ� SUHGLF-
WLRQV��¿UVW��WKDW�WKH�UDWH�RI�FDUERQ�PLQHUDOL]DWLRQ�ZLOO�EH�KLJKHU�
in wetland ecosystems than in lake ecosystems; second, after 
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IROORZLQJ�D�³KRPH�YHUVXV�DZD\´�H[SHULPHQWDO�GHVLJQ��WKH�UDWH�
for wetland DOC mineralization will remain unaffected when 
placed in lake ecosystem conditions, and likewise for lake DOC 
mineralization in wetland conditions. With regard to the second 
prediction, seeing no change is ideal in order to demonstrate 
that the chemical and biological factors present in each site are 
in fact driving carbon uptake mechanisms, rather than more 
general and variable qualities of aquatic habitats like tempera-
ture or sunlight.

Methods and Materials
Study site
 Operating within the constraints for this program’s 10-
ZHHN�PL[HG�FODVV�DQG�UHVHDUFK�WLPH�IUDPH��RQO\�RQH�VLWH�IURP�
HDFK�HFRV\VWHP��ODNH�DQG�ZHWODQG��ZDV�VHOHFWHG�IRU�H[SHULPHQ-
tation. I selected Morris Lake, a relatively small research lake 
on the northern end of property, which neighbors an accessible 
wetland to its east that does not receive regular attention and is 
XQGLVWXUEHG�E\�URDG�WUDI¿F��)LJXUH����

Figure 1. A map of UNDERC property; in the north of the property, 
the yellow star represents the Morris Lake study site and the pink star 
represents the nearby wetland site.

 Morris Lake is designated for research, and is safe 
IURP�SRWHQWLDO�GLVWXUEDQFH�IURP�UHFUHDWLRQDO�DFWLYLWLHV��7KH�H[-
perimental site was located close enough to the shore to reach 
easily with waders, but still less at risk to be disturbed in more 
RSHQ�ZDWHU��7KH�ODNH�LWVHOI�LV�HXWURSKLF��ZLWK�³H[WHQVLYH�OLWWRUDO�
vegetation in the form of emergent grasses, submerged macro-
SK\WHV��HVSHFLDOO\�(ORGHD��JURZLQJ�IURP�WKH�ODNH¶V�PXGG\�ERW-
WRP��DQG�ÀRDWLQJ�SDWFKHV�RI�OLO\�SDGV�H[WHQGLQJ�RXWZDUG�IURP�
WKH�VKRUH´��81'(5&��Q�G����
� 7KH� ZHWODQG� DGMDFHQW� WR� 0RUULV� /DNH� FDQ� EH� FKDU-
acterized as a freshwater marsh, as it contains emergent soft-
stemmed aquatic plants, a shallow-water regime, and shallow 
WR� QRQH[LVWHQW� SHDW� GHSRVLWV� �0LWVFK� DQG� *RVVHOLQN�� �������
1RWDEOH�ÀRUD� LQFOXGH�ZLOG�FDOOD��&DOOD�SDOXVWULV��� WDOO�JUDVVHV��
PRVVHV��EHGVWUDZ��*DOLXP���DQG�VHQVLWLYH�IHUQ��2QRFOHD�VHQVL-
ELOLV���7KH�VLWH�LV�D�¿YH��WR�WHQ�PLQXWH�ZDON�LQ�ZDGHUV�WKURXJK�
wooded territory, giving way to muddy areas as trees decrease 
LQ� DEXQGDQFH�� ZKLFK� ¿QDOO\� FOHDUV� RXW� HQWLUHO\� ZKHUH� RQO\�
grasses and patches of standing water are prevalent. 

Phase 1: Experimental design 
� 6HYHQW\� HLJKW� SODVWLF�� ��PP�YLDOV�ZHUH� ¿OOHG� LQ� WKH�
¿HOG�ZLWK�ZDWHU��KDOI�RI�WKH�YLDOV�ZHUH�¿OOHG�DW�0RUULV�/DNH��DQG�
WKH�RWKHU�KDOI�ZHUH�¿OOHG�DW�WKH�QHLJKERULQJ�ZHWODQG�VLWH��7KH�
YLDOV�ZHUH�VHSDUDWHG�DQG�OHIW�LQ�WKH�¿HOG�LQ�IRXU�³KRPH�YHUVXV�
DZD\´�JURXSV�����ODNH�ZDWHU�LQ�D�ODNH�VHWWLQJ�����ODNH�ZDWHU�LQ�
D�ZHWODQG�VHWWLQJ�����ZHWODQG�ZDWHU�LQ�D�ZHWODQG�VHWWLQJ��DQG����
ZHWODQG�ZDWHU�LQ�D�ODNH�VHWWLQJ��)LJXUH����

Figure 2. A schematic describing the experiment design. Blue circles 
represent individual vials and are split into groups of three (A, B, and 
C) to be tested over three-day time intervals.

 The vials were held secure in a plastic cage apparatus 
to allow for light to pass through and for water to circulate free-
O\�DURXQG�WKH�YLDOV��)LJXUH����

Figure 3. ([SHULPHQWDO� DSSDUDWXV�� ZKLFK� ZDV� DI¿[HG� WR� D� ZRRGHQ�
stake and left for incubation. Morris Lake is pictured in the back-
JURXQG��1RWH��WKH�SLQN�ÀDJJLQJ�WDSH�ZDV�UHPRYHG�DIWHU�WKLV�SKRWR�ZDV�
taken.

 Vials were collected from each apparatus at regular 
intervals and brought back to the lab for analysis. Vials were 
refrigerated if they could not be analyzed immediately. Taking 
WKUHH�YLDOV� IURP� WKH� VLWHV� DW� D� WLPH�SURYLGHV�¿HOG� UHSOLFDWLRQ��
UHVXOWLQJ�LQ����JURXSV�ZLWK�ZKLFK�WR�GHWHUPLQH�DYHUDJH�PHD-
surements. Additionally, every time the vials were taken from 
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WKH� ¿HOG�� D� SUREH�ZDV� XVHG� WR�PHDVXUH�ZDWHU� WHPSHUDWXUH� LQ�
&HOVLXV�DQG�'LVVROYHG�2[\JHQ�FRQWHQW��'2��LQ�PJ�/��XVLQJ�D�
combined temperature and DO meter. These readings provid-
ed additional information for reference when data was being 
synthesized. Then, in the laboratory, the color in the water 
samples was analyzed by measuring absorbance on a UV-Vis 
spectrophotometer at 440 nanometers. This is widely used as 
D�SUR[\�IRU�'2&�FRQFHQWUDWLRQ��)LQGOD\���������)LUVW��WKH�ZD-
WHU�ZDV�¿OWHUHG�WKURXJK�D�JODVV�¿EHU�¿OWHU�ZLWK�D�SRUH�VL]H�RI�
����P��7KHQ�� WKH� DEVRUEDQFH� IRU� HDFK� VDPSOH�ZDV�PHDVXUHG�
DQG�UHFRUGHG��7KLV�SURFHVV�ZDV�UHSHDWHG�IRU�DOO�RI�WKH����YLDOV��
)LQDOO\��5�ZDV� XVHG� WR� FRPSDUH� FKDQJHV� LQ� DEVRUEDQFH�'2&�
concentration at each time point to determine rates of DOC 
mineralization between the ecosystem locations. 

3KDVH����/DE�LQFXEDWLRQ�YHUL¿FDWLRQ�
 After synthesizing some of the data and creating pre-
OLPLQDU\�SORWV�IURP�3KDVH���DQ�DG�KRF�³ODE�LQFXEDWLRQ´�H[SHU-
iment was performed in hopes of providing a more standard 
UHJUHVVLRQ�FXUYH��)LJXUH�����7KLV�ZDV�GRQH�E\�VKRUWHQLQJ� WKH�
sampling interval to 12 hours in a controlled setting. This sec-
ond phase was not implemented outside because of meteoro-
logical differences (e.g. ambient temperatures, precipitation, 
HWF��� EHWZHHQ� PLG�-XQH� DQG� PLG�-XO\� VDPSOLQJ� WLPH� IUDPHV��
PRUH�LPSRUWDQWO\��LW�ZDV�QRW�IHDVLEOH�WR�UHWXUQ�WR�WKH�¿HOG�HYHU\�
12 hours without proper preparation, given the demands of the 
UNDERC program.

Figure 4. A schematic describing the ad hoc “lab-incubation” design. 
Blue circles represent individual vials and are split into groups of] 
three (A, B, and C) to be tested over 12-hour time intervals. 

� 0HWKRGV�IURP�3KDVH���ZHUH�UHSHDWHG��H[FHSW�WKH�ODE�
setting did not involve a home-versus-away component. In-
VWHDG��KDOI�RI����YLDOV�ZHUH�¿OOHG�ZLWK�ODNH�ZDWHU��DQG�WKH�RWKHU�
half with wetland water, sampled from the same locations as 
in Phase 1. The vials were kept collectively in a tray of water 
LQGRRUV��VXEPHUJHG�ZLWK�URRP�IRU�ZDWHU�ÀRZ��DW�DSSUR[LPDWH�
room temperature - though it was a bit cooler, which helped 
mirror the water temperatures measured earlier in the sum-
PHU��7DEOHV���DQG�����$IWHU�DQ�LQLWLDO�VHW�RI�VDPSOHV�ZHUH�UXQ�
WKURXJK�WKH�VSHFWURPHWHU��VL[�VDPSOLQJ�LWHUDWLRQV�RFFXUUHG�RYHU�
WKUHH�GD\V�DW������$�0��DQG������3�0��

Statistics 
� 7R� WHVW� WKH� ¿UVW� K\SRWKHVLV�� IRXU� H[SRQHQWLDO� GHFD\�
FXUYHV�ZHUH�¿WWHG�WR�HDFK�RI�WKH�KRPH�YHUVXV�DZD\�VFHQDULRV��

DQG�WZR�DGGLWLRQDO�FXUYHV�ZHUH�¿WWHG�WR�HDFK�RI�WKH�ODE�LQFXED-
tion scenarios. The rate of carbon mineralization is calculated 
E\�¿QGLQJ�WKH�N�FRQVWDQW�RI�WKH�H[SRQHQWLDO�PRGHO�RI�WKH�IRUP��

� � ���������\ DÂHA��NÂW����������������>�@
     
 Where a is a constant and t represents time. The R2 
value for each regression was recorded to verify the assumption 
WKDW�'2&� LV�PLQHUDOL]HG� DSSUR[LPDWHO\� H[SRQHQWLDOO\��ZKLFK�
has been shown through much previous literature. Then, the 
k-constants were compared without statistics to provide a base-
line understanding of how the rates may differ. The lab-incu-
bation curves were intended to be utilized as references for all 
KRPH�YHUVXV�DZD\�VFHQDULRV��DQG�WR�DGG�DGGLWLRQDO�YHUL¿FDWLRQ�
LI� WKH� N�FRQVWDQW� LV� SRWHQWLDOO\� XQFKDQJHG� E\� H[WHUQDO� FRQGL-
tions. 
 To test the second hypothesis, paired t-tests (para-
PHWULF��DQG�SDLUHG�0DQQ�:KLWQH\�WHVWV��QRQ�SDUDPHWULF��ZHUH�
SHUIRUPHG� WR� FRPSDUH�� ���� ODNH� ³KRPH´� YHUVXV� ODNH� ³DZD\�´�
����ZHWODQG�³KRPH´�YHUVXV�ZHWODQG�³DZD\�´�����ODNH��³KRPH´�
YHUVXV� ZHWODQG� ³KRPH�´� DQG� ���� ODNH� ³DZD\� YHUVXV� ZHWODQG�
“away.” Scenarios 1 and 2 compare site location while con-
trolling for water type, which scenarios 3 and 4 compare water 
W\SH�ZKLOH�FRQWUROOLQJ�IRU�VLWH�ORFDWLRQ��$OO�VWDWLVWLFV�DQG�¿JXUHV�
were performed and built in RStudio.

Results
Part 1: Regression 
 After creating preliminary plots of all data points, it 
was observed that the absorbance values for all scenarios begin 
to trend upwards toward the end of the “decay” period; this is 
PRVW�QRWDEOH�IRU�WKH�ODVW�WZR�WLPH�SHULRGV��)LJXUH����

Figure 5. A summary of “home-versus-away” plotted as averages for 
each time point. The red dashed line denotes where a decreasing trend 
stopped for all scenarios except Wetland “home,” which experienced 
a shift as early as Time Point 4.

� %DFWHULD�DQG�RWKHU�KHWHURWURSKV� LQ� WKH�FRQ¿QHG�YLDOV�
of water very likely died and after a period of DOC consump-
tion began to break down, contributing to a rise in absorbance 
levels. This was a clear indication that the time frame for Phase 
��RI�WKH�H[SHULPHQW�KDG�EHHQ�WRR�ORQJ��%HFDXVH�RI�WKLV��WKH�ODVW�
two points were dropped from analysis after recording initial 
observations from plots of the full dataset.  
 After being split into the four home-versus-away sce-
QDULR� JURXSV�� H[SRQHQWLDO�PRGHOV�ZHUH� ¿WWHG�� )RU� DOO� UHJUHV-
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VLRQ�PRGHOV��QR�VLJQL¿FDQW�S�YDOXHV�ZHUH�IRXQG��)RU�WKH�ODNH�
³KRPH´�VFHQDULR��N� ���������ZLWK�DQ�5��RI� �������)LJXUH����
WRS���IRU�WKH�ODNH�³DZD\´�VFHQDULR��N� ���������ZLWK�DQ�5��RI�
�������)LJXUH����ERWWRP���

Figure 6. “Home” and “away” scenario averages for lake water, in-
cluding exponential regression curves. For the lake “home” (top), k 
= -.03262, R2 = .5741 (F-statistic: 4.044 on 1 and 3 DF, p-value: 
0.1379). For lake “away” (bottom), k= -.09871, R2=.4918 (F-statis-
tic: 2.903 on 1 and 3 DF, p-value: 0.1870).

 Wetland rates from observation of the scatter plot still 
did not seem to follow any reliable decay curve. For the wetland 
³KRPH´�VFHQDULR��N� �SRVLWLYH���������ZLWK�DQ�5��RI���������
�)LJXUH����WRS���IRU�WKH�ZHWODQG�³DZD\´�VFHQDULR��N� ����������
ZLWK�DQ�5��RI����������)LJXUH����ERWWRP��

Figure 7. “Home” and “away” scenario averages for wetland water, 
including exponential regression curves. For the wetland “home,” k 
= 0.03126, R2 = 0.09443 (F-statistic: 0.3128 on 1 and 3 DF, p-value: 
0.615). For wetland “away,” k = -0.01079, R2 = 0.02323 (F-statistic: 
0.07135 on 1 and 3 DF, p-value: 0.8067).

� ,W� LV� WKXV� PRUH� GLI¿FXOW� WR� FRPSDUH� N�FRQVWDQWV� EH-
tween the different home-versus-away scenarios beyond sim-
ple observations. With this is mind, it is worth noting that lake 
water k-constants were observed to be more negative than wet-
land water k-constants, though the data across time points for 
wetland water was much less consistent at showing any trend 
compared to lake water data.
 Then, regression analysis was performed on the wet-
land water and lake water lab incubation rates to provide a more 
reliable snapshot of decay with shorter time intervals. Though 
VWLOO�QRW�VLJQL¿FDQW��WKH�S�YDOXHV�IRU�WKH�ODE�LQFXEDWLRQ�DUH�QR-
WDEO\�ORZHU��)RU�ODNH�ZDWHU��N� ��������ZLWK�DQ�5��RI��������
�)LJXUH����WRS���)RU�ZHWODQG�ZDWHU��N� ���������ZLWK�DQ�5��RI�
��������LPSRUWDQWO\��WKH�UHJUHVVLRQ�FXUYH�IRU�WKH�ZHWODQG�ZDWHU�
did not follow what appeared to be a lag in the decrease in ab-
VRUEDQFH��)LJXUH����ERWWRP��
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Figure 8. Lab-incubation averages for both lake and wetland water 
types, including exponential regression curves. For the lake (top), k = 
-.09871, R2 = .4918 (F-statistic: 2.903 on 1 and 3 DF, p-value: 0.187). 
For the wetland (bottom), k = -0.01079, R2 = 0.02323 (F-statistic: 
0.07135 on 1 and 3 DF, p-value: 0.8067).

Part 2: Paired t-tests 
 A Shapiro-Wilk test was performed on the dataset as a 
ZKROH��DQG�UHFHLYHG�D�VLJQL¿FDQW�UHVXOW��PHDQLQJ�GDWD�ZDV�QRW�
QRUPDO� �:� � ��������� S�YDOXH�  � �����H������+RZHYHU�� RQFH�
data were subset into groups according to both site and wa-
ter type, the lake “home,” lake “away,” wetland “home,” and 
wetland “away” scenarios separately were all normal (in that 
RUGHU��:� ����������S�YDOXH� ���������:� ����������S�YDOXH� �
��������:� ����������S�YDOXH� ���������:� ����������S�YDOXH�
 ����������7KXV��IRXU�SDLUHG�W�WHVWV�ZHUH�SHUIRUPHG�WR�FRPSDUH�
each of the subsets.When comparing both “home” scenarios for 
HDFK�ZDWHU�W\SH��D�VLJQL¿FDQW�GLIIHUHQFH�H[LVWV�EHWZHHQ�DEVRU-
bance values across all paired time points (t = -4.4072, df = 
��� S�YDOXH� ������������7KLV� LV� DOVR� WUXH� IRU� FRPSDULQJ�ERWK�
³DZD\´�VFHQDULRV�ZKHUH�ZDWHU�W\SH�GLIIHUV��W� ��������GI� ����
S�YDOXH� �������������1H[W��ZKHQ�FRPSDULQJ�DFWXDO�KRPH�YHU-
VXV�DZD\�VFHQDULRV� IRU� WKH� ODNH�ZDWHU� VDPSOHV��QR�VLJQL¿FDQW�
GLIIHUHQFH�ZDV�IRXQG��W� ����������GI� ����S�YDOXH� ����������WKH�
VDPH�ZDV�IRXQG�IRU�WKH�ZHWODQG�ZDWHU�VDPSOHV��W� �����������GI�
 ����S�YDOXH� ����������

Discussion
� $OO�SRLQWV�IRU�GLVFXVVLRQ�UHJDUGLQJ�WKH�¿QGLQJV�RI�WKLV�
H[SHULPHQW�DUH�EDVHG�RII�RI�QRQVLJQL¿FDQW�GLIIHUHQFHV��KRZHY-
er, there is still much to learn from the general trends and the 
RYHUDOO�SURFHVV�RI�WKH�VDPSOLQJ�DQDO\VLV��)RU�WKH�¿UVW�K\SRWK-
HVLV��,�H[SHFWHG�WKDW�WKH�N�FRQVWDQW�IRU�ODNH�ZDWHU�'2&�GHFD\�
would be smaller in magnitude than the k-constant for wetland 
water DOC decay. There is a generally lower DOC concentra-
tion in lakes than in wetlands, and this should result in a lower 
rate for lake DOC decay because fewer organisms are available 

WR�PLQHUDOL]H�FDUERQ�TXLFNO\��'RGGV��������7KLV�ZRXOG�KDYH�
indicated a faster carbon uptake process in wetlands. Howev-
er, because the wetland scenarios’ absorbance averages were so 
erratic with time, “decay” was almost indistinguishable. Thus, 
when comparing the k-constants it was actually the lake sce-
narios that appeared to be decaying more quickly. It would be 
H[WUHPHO\�GLI¿FXOW�WR�GH¿QLWLYHO\�PDNH�WKLV�FRQFOXVLRQ�ZLWKRXW�
PXFK�PRUH�WKRURXJK�H[SHULPHQWDWLRQ�DQG�PDQ\�PRUH�VLJQL¿-
cant results, since it would contradict a host of prior literature.
We can most likely attribute this observation to other variables 
that could not have been accounted for while the vials incubat-
HG�LQ�WKH�¿HOG��)RU�H[DPSOH��WKH�ZHWODQG�ZDWHU�ZKHUH�WKH�YLDOV�
were submerged could potentially have been shallow enough 
that a change in water level may have left the vials not fully 
submerged for some period of time between the three-day in-
tervals. Also, assuming that carbon mineralization does occur 
faster in wetlands, it would make sense then that the wetland 
VFHQDULRV�ZRXOG�EHFRPH� OHVV� UHOLDEOH�PRUH�TXLFNO\� �²�WKLV� LV�
PRVW� HYLGHQW� LQ� WKH�ZHWODQG� ³KRPH´� VFHQDULR� �)LJXUH� ��� ERW-
WRP���ZKHUH� RQO\� WKH� ¿UVW� WKUHH� WLPH� SRLQWV� GLVSOD\� D� VWHDG\�
decreasing curve before absorbance begins to increase again. 
 Also, samples from time point seven were kept in the 
fridge for a longer period of time during class modules and an-
alyzed later. The vials were very small; thus, it is likely that the 
carbon was taken up very quickly. Along with the time spent in 
the cold may have allowed for the uptick in absorbance values 
towards the end, likely because heterotrophs or bacteria con-
¿QHG�WR�WKH�YLDOV�ZRXOG�HYHQWXDOO\�GLH�DQG�GHFRPSRVH��FRQWULE-
uting to additional DOC levels.  
 Instead of being able to reliably compare mineraliza-
tion rates, investigation shifted more to look at why lake water 
decayed more predictably than wetland water. This is why the 
lab incubation, though it was not brought about a priori, became 
such an integral part of making this study a more holistic per-
spective. Interestingly, the k-constant for lake water decay in 
WKH�ODE�LQFXEDWLRQ�H[SRQHQWLDO�PRGHO�ZDV�VWLOO�RI�D�JUHDWHU�PDJ-
nitude than the k-constant for wetland water decay. However, 
WKH�ZHWODQG�ZDWHU�FXUYH�DJDLQ�GRHV�QRW�GHPRQVWUDWH�WKH�H[SHFW-
HG�H[SRQHQWLDO�GHFUHDVH��DQG�LQVWHDG�DSSHDUV�WR�ODJ�IRU�WKH�¿UVW�
few time points of the decay process. Once the absorbance val-
ues truly begin to decrease, they display a more dramatic decay 
WKDQ�WKDW�RI�WKH�ODNH�ZDWHU��)LJXUH�����,W�ZRXOG�QRW�EH�DGYLVDEOH�
to only test the last few points for a more desirable decay curve, 
because we are still unsure why the lag is occurring and cannot 
MXVWLI\�H[FOXGLQJ� WKHVH�GDWD��7KHUH�DUH� VRPH�GLIIHUHQFHV�ZLWK�
the lab-incubation sampling that may account for this observa-
tion.  
 Note that the water for Phase 2 was taken out of the 
ODNH�ZHWODQG�PXFK�ODWHU�WKDQ�3KDVH���
�PLG�-XO\�FRPSDUHG�WR�ODWH�0D\�LQWR�-XQH���ZKLFK�KDV�WKH�SR-
tential to change DOC concentrations in the water, and possibly 
mineralization rates. Also, the wetland as a whole became much 
less wet when I returned to obtain water for Phase 2. Reeds, 
FDWWDLOV��DQG�JUDVVHV�KDG�JURZQ�VLJQL¿FDQWO\�KLJKHU��DQG�,�ZDV�
forced to walk farther than where I had initially set up Phase 
��¿HOG�LQFXEDWLRQ�EHFDXVH�QR�VWDQGLQJ�ZDWHU�UHPDLQHG�DW�WKDW�
location. This gives rise to speculation on how wetland areas 
might “respond” to increases in summer temperatures due to 
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climate change, if the observed lag could be replicated and 
studied further. Also based off of this observation, it would be 
interesting to see if shorter-term decay rates would change tem-
porally over the summer months.  
 Tracking carbon cycling clearly does not take into ac-
count the nitrogen and phosphorus content of lakes or wetlands. 
These constituents greatly impact the potential for organisms 
to thrive in the area, and would perhaps play an indirect role 
in mineralization as well. In future research at UNDERC, if a 
PRUH�H[WHQVLYH�H[SHULPHQWDWLRQ�LV�SRVVLEOH��LW�ZRXOG�EH�XVHIXO�
to measure DOC, total nitrogen, and total phosphorus all at the 
VDPH�WLPH�WR�LQYHVWLJDWH�DQ\�LQWHUDFWLRQ�WKDW�PD\�H[LVW��
 This study has implications for the future of bettering 
lakes and wetlands to potentially sequester more carbon. How-
HYHU��WKH�VPDOOHU�WKH�VFDOH�RI�FDUERQ�XSWDNH��WKH�PRUH�GLI¿FXOW�LW�
becomes to observe a generalizable impact, because the constit-
uents of individual lake and wetland ecosystems can vary dras-
WLFDOO\�HYHQ�LQ�FORVH�SUR[LPLW\��$�NH\�OLPLWDWLRQ�RI�WKLV�VWXG\�LV�
surely the lack of multiple lake sites and wetland sites. Ideally, 
future work can be done on Morris Lake again that would in-
clude other research lake sites to understand UNDERC proper-
ty more fully. Researching sequestration potential in dystrophic 
bogs on property would be an additional wetland area of inter-
HVW��DORQJ�ZLWK�¿QGLQJ�RWKHU�IUHVKZDWHU�PDUVKHV�

Acknowledgments
 A huge thank-you to Ceara Talbot, my mentor, for al-
ORZLQJ�PH�WR�H[SORUH�ELRJHRFKHPLVWU\�XQGHU�KHU�ZLQJ��DQG�-RH\�
Jaros, my fellow mentee under Ceara, for spending time with 
me during the many quiet hours spent with the spectrometer. 
I’m appreciative of all of the support and companionship from 
the entire UNDERC class, as well as from the class TAs, [Tall] 
Matt Gregory and Jasper Leavitt. Shannon Jones, the UNDERC 
lab technician, played an integral role in keeping my life orga-
nized. Thank you also to Michael Cramer, and Gary Belovsky 
IRU�VHOHFWLQJ�PH�WR�KDYH�WKH�DPD]LQJ�UHVHDUFK�H[SHULHQFH�WKDW�,�
did this summer, and to the Hank Family who make the whole 
program happen every year. 

References
%XWPDQ��'��� DQG�3��$��5D\PRQG�� ������6LJQL¿FDQW� HIÀX[�RI� FDUERQ�
GLR[LGH� IURP� VWUHDPV� DQG� ULYHUV� LQ� WKH� 8QLWHG� 6WDWHV�� 1DW�� *HRVFL��
�����±�����

'RGGV��:��.��������)UHVKZDWHU�HFRV\VWHPV��,Q�)UHVKZDWHU�(FRORJ\��
concepts and environmental applications. Eds. W. R. Heyer, M. A. 
Donnely, R. W. McDiarmid, L. C. Hayek, and M. S. 
Foster. Smithsonian Institution Press, Washington, D. C. 

Einsele, G., J. P. Yan, and M. Hinderer. 2001. Atmospheric carbon 
EXULDO�LQ�PRGHUQ�ODNH�EDVLQV�DQG�LWV�VLJQL¿FDQFH�IRU�WKH�JOREDO�FDUERQ�
EXGJHW��*ORE��3ODQHW��&KDQJH��������±�����

)LQGOD\�� 6�� ������ 'LVVROYHG�2UJDQLF�0DWWHU�� ,Q�0HWKRGV� LQ� 6WUHDP�
(FRORJ\��VHFRQG�HGLWLRQ��(GV��+DXHU��)�5���/DPEHUWL��*���(OVHYLHU��2[-
IRUG��SS��������������

)RUEHV��6��$��������7KH�ODNH�DV�D�PLFURFRVP��%XOOHWLQ�RI�3HRULD�6FLHQ-
WL¿F�$VVRFLDWLRQ��SS����±����
5HSULQWHG�LQ�%XOOHWLQ�RI�WKH�,OOLQRLV�6WDWH�1DWXUDO�+LVWRU\�6XUYH\����
�����������±�����

About the Author
Mariana Silva is a junior at the University of Notre Dame. 
She is a Brennan Family Scholar, majoring in environmen-
tal engineering, with a minor in theology. last summer, she 
participated in the University of Notre Dame Environmen-
tal Research Center (UNDERC) summer research pro-
gram, where her interest in wetland ecology and ecological 
engineering found its roots. A#er graduation, she seeks 
to earn a master’s degree and hopefully a Ph.D. within the 
areas of constructed wetlands, wetland restoration, and 
carbon sequestration.

Jansson, M., A.-K. Bergström, P. Blomqvist, and S. Drakare. 2000. 
$OORFKWKRQRXV� RUJDQLF� FDUERQ� DQG� SK\WRSODQNWRQ�� EDFWHULRSODQNWRQ�
SURGXFWLRQ�UHODWLRQVKLS�LQ�ODNHV��(FRORJ\���������±������

-RQHV��6��(��DQG�-��7�/HQQRQ��������$�WHVW�RI�WKH�VXEVLG\�VWDELOLW\�K\-
SRWKHVLV��WKH�HIIHFWV�RI�WHUUHVWULDO�FDUERQ�LQ�DTXDWLF�HFRV\VWHPV��(FRO-
RJ\����������������

Kling, G. W., G. W. Kipphut, and M. C. Miller. 1991. Arctic lakes 
DQG�VWUHDPV�DV�JDV�FRQGXLWV�WR�WKH�DWPRVSKHUH��,PSOLFDWLRQV�IRU�WXQGUD�
FDUERQ�EXGJHWV��6FLHQFH���������±�����

Mitcsh, W. J. and J. G. Gosselink. 

Pace, M. L., J.J. Cole , S.R. Carpenter, J.F. Kitchell, J.R. Hodgson, 
Van de Bogert, M.C., Bade, D.L., Kritzberg, E.S., Bastviken, D. 2004. 
Whole-lake carbon-13 additions reveal terrestrial support of aquatic 
IRRG�ZHEV��1DWXUH�����������

Travnik, L. J.; Cole, J. J.; Prairie, Y. T. The study of carbon in inland 
ZDWHUV²IURP�LVRODWHG�HFRV\VWHPV�WR�SOD\HUV�LQ�WKH�JOREDO�FDUERQ�F\-
FOH��/LPQRO��2FHDQRJ��/HWWHUV�����������

81'(5&��³0RUULV�/DNH�´�8QSXEOLVKHG��2EWDLQHG�YLD�KWWSV���XQGHUF�
QG�HGX�DVVHWV��������FKHPPDSV�SGI�$FFHVVHG�����������



BIOLOGY

SPRING 2020 | VOL 11 | SCIENTIA | 33

Exploring the Impact of 
Dissolved Organic 
Carbon on Bluegill 
(Lepomis macrochirus) 
Behavior: Why Live 
Subjects are Important 
for Scientific Study 
Matthew A. Aubourg1

$GYLVRU��$PDU\OOLV�$GH\1

1 University of Notre Dame, Department of Environmental 
Sciences

Abstract
 Global browning in aquatic systems is a phenom-
enon, augmented by anthropogenic climate change, that is 
caused by increasing concentrations of dissolved carbon, 
making bodies of water brown, decreasing visibility. Higher 
OHYHOV�RI�GLVVROYHG�RUJDQLF�FDUERQ��'2&��DOWHU�WKH�DEVRUEDQFH�
of solar radiation throughout a water column and organisms 
living in the water column, especially visual predators, may 
EH�LPSDFWHG��H[KLELWLQJ�DOWHUHG�EHKDYLRUV�WR�DGDSW�WR�YDULDWLRQ�
LQ�YLVLELOLW\��)RU�H[DPSOH��JUHDWHU�DJJUHVVLRQ�RU�H[SORUDWLRQ�
may improve the ability to capture prey when visibility is 
KLQGHUHG��7KH�REMHFWLYH�RI�WKLV�VWXG\�ZDV�WR�H[SORUH�WKH�HIIHFWV�
of varying concentrations of DOC upon the aggressive and 
H[SORUDWLYH�EHKDYLRUV�RI�EOXHJLOO��/HSRPLV�PDFURFKLUXV��
¿VK��%OXHJLOO�ZHUH�NHSW�LQ�QLQH�PHVRFRVPV�FRQWDLQLQJ�WKUHH�
different concentrations of DOC. After an acclimation period 
RI�¿YH�ZHHNV��WZR�EHKDYLRUDO�DVVD\V�IRFXVLQJ�RQ�DJJUHVVLRQ�
DQG�EROGQHVV�H[SORUDWLRQ�ZHUH�FRQGXFWHG�XSRQ�HDFK�¿VK��:H�
IRXQG�WKDW�DJJUHVVLRQ�DQG�EROGQHVV�ZHUH�QRW�VLJQL¿FDQWO\�
UHODWHG�WR�'2&�FRQFHQWUDWLRQ��S �������DQG�S ��������UH-
VSHFWLYHO\���7KHVH�¿QGLQJV�KLJKOLJKW�D�QHHG�IRU�IXUWKHU�VWXGLHV�
to determine the impacts of increasing DOC concentrations on 
¿VK�EHKDYLRU�
       
Introduction
       The ecological impact of anthropogenic activity has fo-
cused mainly on the increases in atmospheric carbon concentra-
tions from fossil fuel emissions. As a result, terrestrial carbon 
XSWDNH�KDV�DOVR�EHHQ�IRXQG�WR�LQFUHDVH��F\FOLQJ�H[FHVV�FDUERQ�
RXW� RI� WKH� DWPRVSKHUH� DQG� LQWR�RWKHU� SODQHWDU\� F\FOHV� ����� ,Q�
both marine and freshwater systems, phytoplankton play a sig-
QL¿FDQW�UROH�LQ�&2��XSWDNH�WKURXJK�SKRWRV\QWKHVLV�LQ�ZKDW�LV�
RIWHQ�FDOOHG�WKH�ELRORJLFDO�SXPS���������3K\WRSODQNWRQ�FRQYHUW�
the inorganic, atmospheric carbon into organic carbon, through 
photosynthesis, and their subsequent decomposition increases 

OHYHOV�RI�GLVVROYHG�RUJDQLF�FDUERQ��'2&�������+HLJKWHQHG�OHY-
HOV�RI�DWPRVSKHULF�FDUERQ�GLR[LGH�DOVR�SURPSW�JUHDWHU�XSWDNH�
by terrestrial plants. Terrestrial systems have been historically 
NQRZQ�DV�PDMRU�FDUERQ�VLQNV��DQG�WKLV�WUHQG�H[WHQGV�WR�WRGD\�
ZLWK�WKH�DXJPHQWDWLRQ�RI�FOLPDWH�FKDQJH���������7KHUHIRUH��LQ-
creased carbon concentrations in the decomposed matter have 
led to greater levels of DOC in lakes and other bodies of water 
YLD�UXQRII������$OWKRXJK�'2&�RFFXUV�QDWXUDOO\��WKHVH�LQFUHDVHG�
concentrations due to global warming can alter the structure of 
ODNH�HFRV\VWHPV������
 DOC absorbs varying wavelengths of incoming solar 
UDGLDWLRQ������7KHUHIRUH��KLJKHU�OHYHOV�OLPLW�OLJKW�SHQHWUDWLRQ�DW�
JUHDWHU�GHSWKV�����������3ULPDU\�SURGXFHUV�ZLWKLQ�WKHVH�V\VWHPV�
then receive altered levels of light for their energy production 
������&RQVXPHUV¶�SUHGDWRU�SUH\� LQWHUDFWLRQV�PLJKW�DOVR�EH�DI-
IHFWHG�E\�IDVWHU�OLJKW�H[WLQFWLRQ�GXH�WR�UHOLDQFH�RQ�YLVXDO�VWLPXOL�
������3UHYLRXV� VWXGLHV�KDYH� IRXQG�¿VK� WR�EH�PRUH� DJJUHVVLYH�
and territorial as well as less tolerant of other individuals near 
WKHP�ZLWK�KLJKHU�YLVLELOLW\�������9LVLELOLW\��HVSHFLDOO\�LQ�FDSWLY-
LW\��KDV�EHHQ�IRXQG�WR�DIIHFW�WKH�VWUHVV�UHVSRQVHV�RI�¿VK��ORZHU�
visibility leads to lower activity levels, higher metabolic rates, 
DQG�DOWHUHG�VZLPPLQJ�SHUIRUPDQFH���������������%OXHJLOO��/HS-
RPLV�PDFURFKLUXV��DUH�FRPPRQ�VHFRQGDU\�SUHGDWRUV�WKDW�FDQ�EH�
found across the globe and are visual predators, likely affected 
by the global browning phenomenon. Higher DOC may impact 
bluegill through changing phytoplankton behavior or a direct 
behavioral response to the lesser visibility. In daily competition 
IRU�IRRG�DQG�VSDFH��WKH\�KDYH�EHHQ�REVHUYHG�WR�H[KLELW�DJJUHV-
VLRQ� WRZDUGV� RWKHU� RUJDQLVPV� ������ 7KH� LQWHUDFWLRQ� EHWZHHQ�
predators, prey, and other consumers is the foundation for food 
ZHE� G\QDPLFV�� 8QGHUVWDQGLQJ� KRZ� WKHVH� G\QDPLFV� ÀXFWXDWH�
with climate change is necessary for effective decision making 
ZLWK�¿VKHU\�PDQDJHPHQW�DQG�FRQVHUYDWLRQ�
 In this study, we analyzed the relationship between 
concentrations of DOC and the behavioral response of blue-
JLOO�¿VK��IRFXVLQJ�RQ�DJJUHVVLRQ�DQG�EROGQHVV��RIWHQ�UHIHUUHG�WR�
DV�H[SORUDWLRQ��:H�K\SRWKHVL]HG�WKDW�EOXHJLOO�H[SRVHG�WR�ORZHU�
OHYHOV�RI�'2&�ZRXOG�EH�PRUH�DJJUHVVLYH�DQG�PRUH�H[SORUDWLYH�
due to their higher visibility in comparison to the bluegill ac-
customed to greater concentrations of organic carbon.

Methods and Materials
Study Site
� 7KLV� H[SHULPHQW�ZDV� FRQGXFWHG� DW� WKH�8QLYHUVLW\� RI�
1RWUH�'DPH�(QYLURQPHQWDO�6FLHQFH�&HQWHU��81'(5&���ZKLFK�
LV� D� SULYDWH� UHVHDUFK� IDFLOLW\� FRYHULQJ� DURXQG� ����� KHFWDUHV�
RYHUODSSLQJ�WKH�VWDWH�OLQHV�RI�:LVFRQVLQ��9LODV�&RXQW\��DQG�WKH�
8SSHU�3HQLQVXOD�RI�0LFKLJDQ��*RJHELF�&RXQW\�������¶�1������
��¶�:���%OXHJLOO�FROOHFWLRQ�RFFXUUHG�DW�%D\�/DNH��D������KHFW-
DUH�ODNH�ZLWK�D�PD[LPXP�GHSWK�RI�DSSUR[LPDWHO\����PHWHUV�WKDW�
LV� SULPDULO\�ROLJRWURSKLF� DQG� ORZ�'2&� �DEVRUEDQFH�RI�������
DW����QP�� �)LJXUH�����%D\�/DNH� LV�PDLQO\�VXUURXQGHG�E\� WKH�
UHVHDUFK�IDFLOLW\�DQG�RQH�RWKHU�SULYDWH�SURSHUW\��LW�LV�¿VKHG�UHJ-
XODUO\�ZLWK�ORZ�¿VKLQJ�SUHVVXUH��
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Figure 1. Map of Bay Lake, where all bluegill collections oc-
FXUUHG��$W�HDFK�RI�WKH�UHG�FLUFOHV��)\NH�QHWV�VHW�WKHUH�FDXJKW�¿VK�
that were utilized in this study.

Bluegill Collection
 Bluegill were collected using Fyke nets set near shore 
DW�VHYHQ�ORFDWLRQV�RYHU����GD\V�IURP�-XQH���������WR�-XQH�����
������'XH�WR�GLI¿FXOW\�FDSWXULQJ�WKH�QXPEHU�RI�¿VK�QHHGHG�IRU�
the study, sites to place the nets were chosen based off of known 
DUHDV� RI� KLJK� EOXHJLOO� DEXQGDQFH� �)LJXUH� ���� ,QGLYLGXDOV� OHVV�
WKDQ����FHQWLPHWHUV�ORQJ�ZHUH�UHOHDVHG�WR�HQVXUH�IXUWKHU�GHYHO-
opment of young bluegill in their natural environment.

Experimental Design 
� $IWHU�FROOHFWLRQ�LQ�WKH�¿HOG��WKH�¿VK�ZHUH�PDLQWDLQHG�
and studied at the UNDERC Aquatic Lab for three weeks. At 
WKH�ODE��¿VK�ZHUH�SURFHVVHG�E\�FDXGDO�¿Q�FOLSSLQJV��QRVH�WR�WDLO�
OHQJWK�PHDVXUHPHQWV��DQG�VH[�GHWHUPLQDWLRQ�IRU�ODWHU�LGHQWL¿-
cation. They were then randomly sorted into nine mesocosms 
���¿VK�PHVRFRVP���ZKLFK�ZHUH�SUHSDUHG�GXULQJ�WKH�ZHHN�EH-
fore bluegill collection. Each of the nine mesocosms (Pipe Top 
5RXQG�7DQNV��)UHHODQG�,QGXVWULHV�,QF���3RUWDJH��:,��ZDV�¿OOHG�
with water from Tenderfoot Lake, another lake on the UN-
DERC property. There were three levels of DOC controlled by 
three varied amounts of “Super Hume,” a humic acid solution 
FRPPRQO\�XVHG� LQ�'2&�UHVHDUFK�������7KH� ORZHVW�'2&�OHY-
el contained water from Tenderfoot Lake without any of the 
6XSHU�+XPH��DEVRUEDQFH�RI�������DW�����QP���7KH�PRGHUDWH�
DOC level had an average absorbance of 0.7073 at 440 nm and, 
WKH�KLJKHVW�'2&�OHYHO�KDG�DQ�DYHUDJH�DEVRUEDQFH�RI�������DW�
440 nm (spectrophotometer, Spectronic GENESYS 2, Thermo 
(OHFWURQ�&R���0DGLVRQ��:,���7ZLFH�SHU�ZHHN�� WKLV�ZDWHU�ZDV�
changed, the mesocosms were scrubbed clean, and three cups 
of salt were added after each water change. Fish within each 
PHVRFRVP�ZHUH�XQLTXHO\�PDUNHG�IRU�VXEVHTXHQW�LGHQWL¿FDWLRQ�
YLD�XQLTXH�FDXGDO�¿Q�FOLSV�ZLWKLQ�HDFK�PHVRFRVP��7KH�EOXHJLOO�
were left to acclimate to their respective DOC level for three 
ZHHNV�ZKLOH�EHLQJ�IHG�IUHH]H�GULHG�EORRGZRUPV��DSSUR[LPDWH-
O\�������J��7HWUD�*PE+��0HOOH��*HUPDQ\���'XULQJ�WKLV�SHULRG��
there were a series of bluegill fatalities due to the stress of being 
SODFHG�LQ�WKH�PHVRFRVPV��$V�D�UHVXOW��ZH�DGGHG�QHZ�¿VK�WR�WKH�
PHVRFRVPV� WR� WDNH� WKHLU� SODFH��7KHVH� ¿VK�ZHUH� HDFK� NHSW� LQ�
tanks with equivalent DOC concentrations before being added 

WR�WKH�H[SHULPHQWDO�PHVRFRVPV��

Behavioral Analysis
 To determine whether DOC impacted the behavioral 
response of these bluegill, we conducted aggression and bold-
QHVV�H[SORUDWLRQ�DVVD\V��:H�XVHG�D�PLUURU�LPDJH�DVVD\��ZKLFK�
WHVWV� LQGLYLGXDOV�IRU�DJJUHVVLYH�EHKDYLRU�������:H�GHWHUPLQHG�
WKDW�D�¿VK�KDG�QRWLFHG�LWV�UHÀHFWLRQ�ZKHQ�WKH\�WXUQHG�WKHLU�H\HV�
toward the mirror and then backed away from or approached 
the mirror. A mirror was placed at one side of the container and 
WKH�¿VK�ZDV� DGGHG� WR� WKH�RWKHU��)LVK� DFFOLPDWHG� LQ� WKH� VWXG\�
container for two minutes with the mirror concealed. Thereaf-
WHU��ZH�REVHUYHG�WKH�¿VK�IRU�WHQ�PLQXWHV��UHFRUGLQJ�WKH�ODWHQF\�
WLPH�WR�UHFRJQL]H�LWVHOI�LQ�WKH�PLUURU�DQG�H[KLELW�DQ\�DJJUHVVLYH�
EHKDYLRU�ZLWK�D�PD[LPXP�WLPH�RI����PLQXWHV��$GGLWLRQDOO\��ZH�
UHFRUGHG�ZKHWKHU�WKLV�GLVSOD\�ZDV�RYHUW�RU�UHVWUDLQHG�������7D-
EOH����)LJXUH�����2YHUW�DJJUHVVLRQ�ZDV�GLVSOD\HG�WKURXJK�UDP-
PLQJ�RU�ELWLQJ�WKH�UHÀHFWLRQ�LQ�WKH�PLUURU��5HVWUDLQHG�EHKDYLRUV�
still were displays of aggression but did not involve an attempt 
WR�FDXVH�KDUP�WR�WKH�UHÀHFWLRQ��6RPH�H[DPSOHV�RI�UHVWUDLQHG�DJ-
gression included swimming back and forth along the mirror or 
displaying the lateral view. In total, nine behaviors were looked 
IRU�ZLWK�HDFK�¿VK��

Table 1. Table of the behaviors focused on in the mirror assay 
of aggression. Biting and ramming are the two behaviors con-
sidered to be overtly aggressive, meaning to do some sort of 
harm to an opponent.

� 7R� WHVW� EROGQHVV�H[SORUDWLRQ��¿VK�ZHUH�SODFHG� LQWR� D�
container with an opaque divider in the middle, obscuring their 
YLHZ�RI�WKH�RWKHU�VLGH�RI�WKH�FRQWDLQHU�������2Q�WKH�VLGH�RSSR-
VLWH�WKH�¿VK��ZH�SODFHG�D�QRYHO�REMHFW��D�/HJR�FDU�DWWDFKHG�WR�D�
URFN��(DFK�¿VK�ZDV�DOORZHG�D�WZR�PLQXWH�DFFOLPDWLRQ�SHULRG��
Then, we removed the divider and recorded the latency time 
IRU�WKH�¿VK�WR�HQWHU�WKH�QRYHO�HQYLURQPHQW�DV�ZHOO�DV�ZKHWKHU�
LW�LQWHUDFWHG�ZLWK�WKH�QRYHO�REMHFW��)LJXUH�����ZLWK�D�PD[LPXP�
observation time of ten minutes. Assays were conducted in low 
DOC water because I was unable to see the bluegill at any high-
er DOC level.

Figure 2. Diagram of the set up for the mirror assay of aggres-
sion (left) and the novel object assay of boldness/exploration 
�ULJKW���)RU�WKH�PLUURU�WHVW��WKH�¿VK�ZDV�LQLWLDOO\�SODFHG�LQ�WKH�
container in the left side of the partition and the mirror was on 
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WKH�RSSRVLWH�VLGH��6LPLODUO\��LQ�WKH�QRYHO�REMHFW�WHVW��WKH�¿VK�ZDV�
initially placed on the left side of the partition and the novel 
object (Lego car) was placed on the opposite side.

Handling Bacterial Fin Rot in Assays and Mesocosms
 Halfway through the acclimation period, every tank 
ZDV�FOHDQHG�ZLWK�EOHDFK�GXH�WR�WKH�REVHUYDWLRQ�RI�EDFWHULDO�¿Q�
rot in several of the tanks. In behavioral assays, individuals that 
ZHUH�FDXJKW�ZLWK�RU�GHYHORSHG�EDFWHULDO�¿Q� URW�ZHUH� H[FOXG-
HG� IURP� WKH�H[SHULPHQW��'LVHDVH� LQKHUHQWO\�KLQGHUV�EHKDYLRU��
ZKLFK�VHUYHV�DV�D�FULWLFDO�VRXUFH�RI�HUURU�IRU�WKLV�H[SHULPHQW�
� 7R�FRPEDW�WKH�FRQWLQXHG�VSUHDG�RI�¿Q�URW��ZH�FKDQJHG�
the water in every mesocosm twice per week and added three 
cups of salt to each mesocosm after the water change. Although 
EOXHJLOO� DUH� IUHVKZDWHU� ¿VK�� DGGLQJ� VDOW� WR� WKH� PHVRFRVPV�
SURYLGHV�WKH�¿VK�ZLWK�IXUWKHU�HOHFWURO\WHV�WR�EHWWHU�KDQGOH�WKH�
stressful environment and aid in the elimination of bacteria or 
IXQJXV� ����� �����'XULQJ� WKH� VHFRQG�ZHHN� RI� DFFOLPDWLRQ��ZH�
bleached and scrubbed every mesocosm to eliminate as much 
bacterial or fungal buildup as possible. Fish were kept in tanks 
of their respective DOC levels during the cleaning process.

Statistical Analyses
 To analyze the results of the aggression assay, a Kru-
skal-Wallis one-way ANOVA was used to determine the rela-
WLRQVKLS� EHWZHHQ� WLPH� WDNHQ� WR� H[KLELW� DJJUHVVLRQ� DQG� '2&�
OHYHO��VH[��DQG�H[SUHVVLRQ�RI�RYHUW�RU�UHVWUDLQHG�DJJUHVVLRQ�
� 6LPLODUO\�� WKH� EROGQHVV�H[SORUDWLRQ� DVVD\� ZDV� DQD-
lyzed using a one-way ANOVA to determine the relationship 
EHWZHHQ�WLPH�WDNHQ�WR�H[SORUH�WKH�QRYHO�REMHFW�DQG�'2&�OHYHO��
VH[��DQG�ZKHWKHU�FRQWDFW�ZDV�PDGH�ZLWK�WKH�/HJR�FDU��$OO�DQDO-
\VHV�ZHUH�FRQGXFWHG�LQ�5�3URJUDPPLQJ�YHUVLRQ����������

Results
Mirror Test of Aggression
� 7KHUH�ZDV�QR�VLJQL¿FDQW�GLIIHUHQFH�LQ�ODWHQF\�WLPH�EH-
WZHHQ�'2&�OHYHOV��PHDQ���6(��ORZ�'2&��������������PHGLXP�
'2&�������������KLJK�'2&�������������+ ��������S ��������
)LJXUH�����

Figure 3. Bar plot of latency times in the mirror assay of ag-
gression by DOC level. Results of a Kruskal-Wallis test re-
YHDOHG� QR� VLJQL¿FDQW� GLIIHUHQFH� LQ� ODWHQF\� WLPHV� EHWZHHQ� WKH�
DOC levels (H=1.5278, p=0.4658).

� 1R� VLJQL¿FDQW� GLIIHUHQFH�ZDV� IRXQG� LQ� ODWHQF\� WLPH�
EHWZHHQ�VH[HV� �PHDQ���6(��PDOH�������������� IHPDOH��������
������+ ��������S ��������)LJXUH�����

Figure 4. Bar plot of latency times in the mirror assay of ag-
gression between sexes. Results of a Kruskal-Wallis test re-
YHDOHG�QR�VLJQL¿FDQW�GLIIHUHQFH�LQ�ODWHQF\�WLPHV�EHWZHHQ�PDOH�
and female individuals (H=1.7646, p=0.1841).

7KHUH�ZDV� D� VLJQL¿FDQW� GLIIHUHQFH� IRXQG� LQ� ODWHQF\� WLPH� EH-
WZHHQ�LQGLYLGXDOV�WKDW�H[SUHVVHG�QRQH��RYHUW��RU�UHVWUDLQHG�DJ-
JUHVVLRQ��PHDQ���6(��QRQH����������� UHVWUDLQHG���������������
RYHUW���������������+ ��������S��������)LJXUH�����$�SRVW�KRF�
'XQQ¶V�7HVW� VKRZHG� WKDW� ODWHQF\� WLPH�RI� LQGLYLGXDOV�H[SUHVV-
LQJ�QR�DJJUHVVLYH�EHKDYLRU�GLIIHUHG�VLJQL¿FDQWO\�IURP�WKH�RYHUW�
DQG�UHVWUDLQHG�DJJUHVVLRQ�LQGLYLGXDOV��= �������S ��������DQG�
= �������S ���������UHVSHFWLYHO\���+RZHYHU��ODWHQF\�WLPHV�RI�
RYHUW�DQG�UHVWUDLQHG�DJJUHVVLRQ�GLG�QRW�GLIIHU�VLJQL¿FDQWO\�IURP�
HDFK�RWKHU��= ��������S �������

Figure 5. Bar plot of latency times in the mirror assay of ag-
gression between individuals that exhibited no, overt, or re-
strained aggression. Results of a Kruskal-Wallis test did reveal 
D� VLJQL¿FDQW� GLIIHUHQFH� LQ� ODWHQF\� WLPHV� EHWZHHQ� QR� DJJUHV-
sion and both the overt and restrained aggression (H=1.5278, 
p=0.4658; Dunn’s test, Z=3.182; p=0.00146 and Z=3.270; 
S ���������UHVSHFWLYHO\���1R�VLJQL¿FDQW�GLIIHUHQFH�ZDV� IRXQG�
between overt and restrained aggression (Z=0.0878, p=0.930).
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Novel Object Test of Boldness/Exploration
� 7KHUH� ZDV� QR� VLJQL¿FDQW� GLIIHUHQFH� IRXQG� LQ� ODWHQ-
F\�WLPH�EHWZHHQ�'2&�FRQFHQWUDWLRQV��PHDQ���6(��ORZ�'2&��
������������PHGLXP�'2&��������������KLJK�'2&�������������
+ ��������S ��������)LJXUH�����

Figure 6. Bar plot of latency times in the novel object assay 
of boldness/exploration between DOC levels. Results of a Kru-
VNDO�:DOOLV� WHVW� UHYHDOHG� QR� VLJQL¿FDQW� GLIIHUHQFH� LQ� ODWHQF\�
times between low, medium, and high DOC levels (H=2.9444, 
p=0.2294).

7KHUH�ZDV�QR�VLJQL¿FDQW�GLIIHUHQFH�IRXQG�LQ�ODWHQF\�WLPH�EH-
WZHHQ�VH[HV��PHDQ���6(��PDOH��������������IHPDOH��������������
+ ��������S ���������)LJXUH�����

Figure 7. Bar plot of latency times in the novel object assay of 
boldness/exploration between sexes. Results of a Kruskal-Wal-
OLV� WHVW� UHYHDOHG�QR� VLJQL¿FDQW�GLIIHUHQFH� LQ� ODWHQF\� WLPHV�EH-
tween male and female individuals (H=2.7153, p=0.09939).

7KHUH�ZDV�QR�VLJQL¿FDQW�GLIIHUHQFH�IRXQG�LQ�ODWHQF\�WLPH�EH-
tween individuals that did and did not make physical contact 
ZLWK�WKH�QRYHO�REMHFW��PHDQ���6(��FRQWDFW��������������QR�FRQ-
WDFW��������������+ ��������S ��������)LJXUH����

Figure 8. Bar plot of latency times in the novel object assay 
of boldness/exploration between individuals that did or did 
not make physical contact with the novel object. Results of a 
.UXVNDO�:DOOLV�WHVW�UHYHDOHG�QR�VLJQL¿FDQW�GLIIHUHQFH�LQ�ODWHQF\�
times (H=1.3022, p=0.2538).

Discussion
 In this study, we aimed to determine if variation in 
FRQFHQWUDWLRQ�RI�'2&�DOWHUHG�DJJUHVVLRQ�DQG�EROGQHVV�H[SOR-
ration in bluegill. With the global browning phenomena being 
perpetuated by climate change, it is crucial to understand how 
DTXDWLF�RUJDQLVPV¶�EHKDYLRUV�PD\�FKDQJH�DQG� LQÀXHQFH� IRRG�
web dynamics. The results obtained from this study did not 
support our hypotheses; there does not appear to be an effect 
RI�'2&�OHYHO�XSRQ�EOXHJLOO�DJJUHVVLRQ�DQG�EROGQHVV�H[SORUD-
WLRQ��S ��������S ��������UHVSHFWLYHO\���+RZHYHU��ZLWK�JUHDWHU�
replication and minimization of stress from the mesocosms in 
future studies, this hypothesis may gain more support.
� :H� H[SHFWHG� WR� ¿QG� WKDW� EOXHJLOO� H[SRVHG� WR� ORZ�
DOC with high visibility would have lower latency times and 
more overt aggression, shown in the results of the mirror test. 
+RZHYHU��ZH� IRXQG� QR� VLJQL¿FDQW� UHODWLRQVKLSV� LQ� WKLV� VWXG\�
WKDW� FRQWULEXWHG� WR� DQVZHULQJ� WKLV� TXHVWLRQ��$OWKRXJK� VLJQL¿-
FDQFH�ZDV�IRXQG�LQ�ODWHQF\�WLPH�EHWZHHQ�DJJUHVVLRQ�H[KLELWHG�
�QRQH��RYHUW��RU�UHVWUDLQHG���WKLV�LV�EHFDXVH�WKH�LQGLYLGXDOV�WKDW�
H[KLELWHG�QR�UHPDUNDEOH�EHKDYLRU�KDG�D�VHW�ODWHQF\�WLPH�RI�����
seconds with no error or deviation. Therefore, no aggression 
H[KLELWHG�ZDV� VLJQL¿FDQWO\�GLIIHUHQW�� EXW�RYHUW� DQG� UHVWUDLQHG�
ZHUH�QRW� VLJQL¿FDQWO\�GLIIHUHQW� IURP�HDFK�RWKHU��ZKLFK� LV� WKH�
more important result for this study. Fish in the medium DOC 
FRQFHQWUDWLRQ�H[KLELWHG�WKH�KLJKHVW�ODWHQF\�WLPHV��ZKLFK�ZDV�LQ�
GLUHFW�FRQWUDVW�WR�P\�H[SHFWHG�UHVXOWV�
� ,Q� WKH� QRYHO� REMHFW� WHVW� RI� EROGQHVV�H[SORUDWLRQ�� ZH�
H[SHFWHG�WR�¿QG�ORZHU�ODWHQF\�WLPH�DQG�PRUH�FRQWDFW�ZLWK�WKH�
QRYHO�REMHFW�IURP�EOXHJLOO�LQ�WKH�ORZ�'2&�OHYHO��6LPLODUO\��WR�
WKH� DJJUHVVLRQ� DVVD\�� WKHUH�ZHUH� QR� VLJQL¿FDQW� UHVXOWV� IRXQG��
This is likely due to the same concerns and stresses that were 
previously mentioned that affected the aggression assay results. 
Although latency times were lower in both tests with low DOC 
¿VK��QR�VLJQL¿FDQFH�ZDV�DEOH�WR�EH�GHWHUPLQHG�
 When removing an organism from its natural habitat 
and placing it into a new environment that may not meet all 
its needs, it is natural for the individual to be put under stress, 
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HVSHFLDOO\�ZLWK� \RXQJHU� RUJDQLVPV� ������ )LVK�� HVSHFLDOO\�� DUH�
known for their inability to tolerate high levels of stress when 
placed into mesocosms, such as what was used in this study 
������6WUHVVHG�¿VK�KDYH�DOWHUHG�PHWDEROLF�UDWHV�DQG�DUH�OHVV�OLNH-
O\�WR�EH�FRQIURQWDWLRQDO�WR�FRQVHUYH�HQHUJ\�IRU�ÀLJKW�����������
%HLQJ� LQ� VWUHVVIXO� FRQGLWLRQV� DOVR� VXSSUHVVHV� ¿VKHV¶� LPPXQH�
systems, leaving them more susceptible to bacterial and fungal 
LQIHFWLRQV���������������7KHVH�LVVXHV�UHODWHG�WR�VWUHVV�LQGXFWLRQ�
were evident in this study with several study organisms dying 
IURP�H[WHQVLYH�³¿Q�URW�´�)LQ�URW�PD\�RFFXU�IURP�VHYHUDO�VRXUF-
es, such as physical abrasion from contact with rough surfaces, 
DJJUHVVLRQ�IURP�RWKHU�¿VK��QXWULWLRQDO�GH¿FLHQFLHV��RU�EDFWHULDO�
DQG�IXQJDO� LQIHFWLRQ����������� �7KLV� LV�D�SRWHQWLDO�H[SODQDWLRQ�
IRU�XQH[SHFWHGO\�KLJK�ODWHQF\�WLPHV�LQ�WKH�PHGLXP�'2&�OHY-
HO�DQG�ODFN�RI�DJJUHVVLYH�RU�H[SORUDWLYH�UHVSRQVHV�REVHUYHG�LQ�
assays. Numerous individuals across all DOC concentrations 
ZHUH�H[SRVHG�WR�VWUHVV�ZKHQ�WKH\�ZHUH�WUDQVSRUWHG�WR�WKH�ODE-
oratory, resulting in high bluegill mortality due to bacterial in-
IHFWLRQ�DQG�¿Q�HURVLRQ��$OWKRXJK�LQGLYLGXDOV�ZLWK�¿Q�URW�ZHUH�
QRW�XVHG�LQ�WKLV�VWXG\��LQGLYLGXDOV�QRW�YLVLEO\�LPSDFWHG�E\�¿Q�URW�
WKHPVHOYHV�PD\��KRZHYHU��KDYH�EHHQ�DIIHFWHG�E\�WKH�SUR[LPLW\�
of deteriorating bluegill in the same mesocosms, although not 
much research has been done to support this.
 After cleansing the mesocosms, there was a decrease 
LQ�PRUWDOLW\�RI�WKH�¿VK�LQ�HYHU\�'2&�OHYHO��DQG�VRPH�¿VK�HYHQ�
showed signs of recovery over time. I observed that the bluegill 
LQ� WKH�PHGLXP�'2&� OHYHO�ZHUH� WKH�PRVW� DIIHFWHG� E\� WKH� ¿Q�
erosion and the most fatalities were from the three mesocosms 
in this level. The reasoning for this is unclear; however, this 
LV� OLNHO\� WKH� UHDVRQ� WKDW� WKHLU� ODWHQF\� WLPHV�ZHUH�XQH[SHFWHG-
O\�KLJK� LQ� FRPSDULVRQ� WR� WKH� H[WUHPH�'2&� OHYHOV��8QFHUWDLQ�
but natural variability such as aforementioned can be mitigated 
by greater replication, which should be implemented in future 
studies.
 In addition to the use of more replicates, future stud-
ies should attempt to minimize the stress of individuals in me-
socosms using larger containers and including elements of the 
bluegills’ natural habitats in them such as rocks and vegetation. 
As opposed to mesocosms, future studies could sample blue-
gill from bodies of water with a variety of DOC levels and test 
WKHLU�DJJUHVVLRQ��EROGQHVV��DQG�H[SORUDWLRQ��REVHUYLQJ�VSHFL¿F�
EHKDYLRUV�DQG�ODWHQF\�WLPH��7KDW�ZD\��¿VK�DUH�OLNHO\�XQGHU�WKH�
lowest amount of stress because they are being tested right from 
their natural environment. Greater replication in future studies 
DOVR�PD\� DLG� LQ� FRPLQJ� WR� VLJQL¿FDQW� FRQFOXVLRQV� DQG� GHWHU-
PLQH�LI�'2&�WUXO\�LQÀXHQFHV�¿VK�EHKDYLRU�
 Despite the obstacles of this study, further studies that 
analyze how aquatic organisms are impacted by increasing 
DOC is of great importance, especially as global browning is 
H[SHFWHG�WR�FRQWLQXH�WR�LQFUHDVH�ZLWK�FOLPDWH�FKDQJH��:LWK�DW-
mospheric CO2 being a primary anthropogenic climate change 
driver, levels of dissolved carbon in both marine and freshwa-
WHU�V\VWHPV�DUH�DOVR�LQFUHDVLQJ���������������*UHDWHU�GLVVROYHG�
carbon causes further global browning, and this is suspected 
of having effects on the behaviors of both producers and con-
VXPHUV�������(FRV\VWHP�ZLGH�EHKDYLRUDO�ÀXFWXDWLRQ�FDQ�OHDG�WR�
changes in food web dynamics and biodiversity in freshwater 
V\VWHPV�JOREDOO\� ������8QGHUVWDQGLQJ� WKHVH� LPSDFWV� LV� HVVHQ-

tial for aquatic management in response to climate change, and 
they also may affect freshwater aquaculture, directly impacting 
human activity. In the realm of how DOC affects secondary and 
WHUWLDU\�FRQVXPHUV�� WKHUH�KDV�QRW�EHHQ�H[WHQVLYH� VWXG\��+RZ-
ever, as time progresses, we must consider these impacts more 
closely to maintain the beauty and biodiversity of our natural, 
freshwater ecosystems for future generations to study and ap-
preciate.
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�������� 7KH� HIIHFW� RI� VRFLDO� VWUHVV� RQ� WKH� VWDQGDUG� PHWDEROLF� UDWH�
�605��RI�EURZQ� WURXW��6DOPR� WUXWWD��)LVK�3K\VLRORJ\�DQG�%LRFKHP-
LVWU\�������������

���� 0DXOH��$�� *��� 7ULSS�� 5��$��� .DDWWDUL�� 6�� /��� 	� 6FKUHFN�� &�� %��
��������6WUHVV� DOWHUV� LPPXQH� IXQFWLRQ�DQG�GLVHDVH� UHVLVWDQFH� LQ� FKL-
QRRN�VDOPRQ��2QFRUK\QFKXV�WVKDZ\WVFKD���-RXUQDO�RI�(QGRFULQRORJ\�
���������������

���� 6QLHV]NR�� 6�� )�� �������� 7KH� HIIHFWV� RI� HQYLURQPHQWDO� VWUHVV� RQ�
RXWEUHDNV� RI� LQIHFWLRXV� GLVHDVHV� RI� ¿VKHV�� -RXUQDO� RI� )LVK� %LRORJ\�
�������������

����:DOWHUV��*��5���	�3OXPE��-��$����������(QYLURQPHQWDO�VWUHVV�DQG�
EDFWHULDO�LQIHFWLRQ�LQ�FKDQQHO�FDW¿VK��,FWDOXUXV�SXQFWDWXV�5D¿QHVTXH��
-RXUQDO�RI�)LVK�%LRORJ\���������������

����/DWUHPRXLOOH��'��1����������)LQ�HURVLRQ�LQ�DTXDFXOWXUH�DQG�QDWXUDO�
HQYLURQPHQWV��5HYLHZV�LQ�)LVKHULHV�6FLHQFH���������������

����6FKQHLGHU��5���	�1LFKROVRQ��%��/����������%DFWHULD�DVVRFLDWHG�ZLWK�
¿Q�URW�GLVHDVH�LQ�KDWFKHU\�UHDUHG�$WODQWLF�VDOPRQ��6DOPR�VDODU���&D-
QDGLDQ�-RXUQDO�RI�)LVKHULHV�DQG�$TXDWLF�6FLHQFHV������������������

����&DUQHLUR��3��&��)���	�8UELQDWL��(��&����������6DOW�DV�D�VWUHVV�UHVSRQVH�
PLWLJDWRU� RI�PDWULQ[m��%U\FRQ� FHSKDOXV� �*�QWKHU��� GXULQJ� WUDQVSRUW��
$TXDFXOWXUH�5HVHDUFK���������������

���� 7RPDVVR�� -�� 5��� 'DYLV�� .�� %��� 	� 3DUNHU�� 1�� &�� ������� 0DUFK���
Plasma corticosteroid and electrolyte dynamics of hybrid striped bass 
�ZKLWH�EDVV�[�VWULSHG�EDVV��GXULQJ�QHWWLQJ�DQG�KDXOLQJ��,Q�3URFHHGLQJV�
RI�WKH�:RUOG�0DULFXOWXUH�6RFLHW\�����������������

33. Mitsch, W. J., Bernal, B., Nahlik, A. M., Mander, Ü., Zhang, L., 
$QGHUVRQ��&��-�������	�%UL[��+����������:HWODQGV��FDUERQ��DQG�FOLPDWH�
FKDQJH��/DQGVFDSH�(FRORJ\���������������

34. Creed, I. F., Bergström, A. K., Trick, C. G., Grimm, N. B., Hessen, 
'��2���.DUOVVRQ�� -��� ����	�6HQDU��2��(�� ��������*OREDO�FKDQJH�GULYHQ�
HIIHFWV�RQ�GLVVROYHG�RUJDQLF�PDWWHU�FRPSRVLWLRQ��,PSOLFDWLRQV�IRU�IRRG�
ZHEV�RI�QRUWKHUQ�ODNHV��*OREDO�FKDQJH�ELRORJ\�����������������
����0RGHQXWWL��%���$OEDULxR��5���%DVWLGDV�1DYDUUR��0���'tD]�9LOODQXH-
va, V., Souza, M. S., Trochine, C., ... & Balseiro, E. S. T. E. B. A. N. 
��������6WUXFWXUH�DQG�G\QDPLF�RI�IRRG�ZHEV�LQ�$QGHDQ�1RUWK�3DWDJR-
QLDQ� IUHVKZDWHU� V\VWHPV�� RUJDQLF�PDWWHU�� OLJKW� DQG� QXWULHQW� UHODWLRQ-
VKLSV��(FRORJtD�$XVWUDO��������������

Matthew Aubourg is a junior at Notre Dame majoring 
in environmental sciences with a minor in sustainability. 
He is a member of the Balfour-Hesburgh Scholars Pro-
gram and the Department of Biological Sciences Honors 
Program. His research was conducted at the University 
of Notre Dame Environmental Research Center during a 
summer research internship. However, during the semes-
ter, he works with Neil Lobo, Ph.D. and his research group 
studying malaria vector bionomics and interventions. 
A#er graduating from Notre Dame, Matthew is hoping 
to attend graduate school for global health and pursue a 
career in combating food insecurity and pursuing envi-
ronmental justice. 
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About the Author
Andrew Burke is a sophomore from Phillipsburg, New 
Jersey living in Keenan Hall. He is a math major with 
honors and computing concentrations and is a member 
of the Glynn Family Honors Program. Andrew is on 
the club water ski team and does data analytics for the 
football team. His research was conducted at the Univer-
sity of Notre Dame last summer as a part of the College 
of Science’s SURF program. A#er graduating from Notre 
Dame, Andrew intends to go to graduate school and to 
study algebra or number theory.
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Student Spotlight
Several Notre Dame students publish their research in re-
QRZQHG�SHHU�UHYLHZHG�MRXUQDOV�HYHU\�\HDU��7KH�6WXGHQW�
6SRWOLJKW�VHFWLRQ�LV�RQH�RI�WKH�QHZHVW�DGGLWLRQV�WR�WKH�MRXUQDO�
to celebrate and learn from some of these students.

:H�LQWHUYLHZHG�MXQLRU�QHXURVFLHQFH�DQG�EHKDYLRU�DQG�HFR-
QRPLFV�PDMRU�-DNH�%HUJ��VRSKRPRUH�SK\VLFV�PDMRU�ZLWK�DVWUR-
physics and applied physics concentrations Andrew Langford, 
and senior science preprofessional and science, technology, 
DQG�YDOXHV�PDMRU�$OH[�5LFKDUG�IRU�LQVLJKW�LQWR�WKHLU�UHVHDUFK�
DQG�SXEOLFDWLRQ�H[SHULHQFHV��

How did you get involved in research?

Jake:�0\�MRXUQH\�LQWR�VFLHQWL¿F�UHVHDUFK�EHJDQ�GXULQJ�P\�
¿UVW�VHPHVWHU�RQ�FDPSXV��,�ZDVQ¶W�HQWLUHO\�VXUH�ZKDW�UHVHDUFK�
entailed but I did know that universities liked to place heavy 
emphasis on it. Then, sometime around October, the College 
of Science sponsored the Fall Undergraduate Research Fair 
for upperclassmen to showcase the work they have done. I 
GHFLGHG�,�ZRXOG�VWRS�E\�DQG�EULHÀ\�VHH�ZKDW�LW�ZDV�DERXW��,�
ZDV�H[FLWHG�E\�WKH�VWXGHQWV�,�VSRNH�ZLWK��WKH�UHVHDUFK�EHLQJ�
conducted felt purposeful and each student seemed highly 
SDVVLRQDWH�DERXW�WKHLU�SURMHFWV��,�ZDV�LQVSLUHG�E\�ZKDW�,�VDZ�
and began reaching out to professors around campus, inquiring 
about possible research positions in topics I was interested in. 
I have been involved in research every single semester and I 
plan to bring my research background into my post-graduation 
plans.

Andrew: One aspect of Notre Dame which stood out to me 
while applying was the opportunities for undergraduate re-
VHDUFK��'XULQJ�P\�¿UVW�VHPHVWHU��,�UHDFKHG�RXW�WR�P\�SK\VLFV�
professor about getting involved with the observatory on 
campus. By the early second semester, I was training on the 
���PHWHU�6DUDK�/��.UL]PDQLFK�WHOHVFRSH�RQ�WKH�-RUGDQ�+DOO�RI�
Science roof while learning about the type of stars I observed, 
cataclysmic variable stars. My interest in research greatly 
LQFUHDVHG�ZKLOH�FRQWLQXLQJ�P\�UHVHDUFK�SURMHFWV�RYHU�WKH�
summer of 2019.

Alex: I have been volunteering in the emergency department 
at Rhode Island Hospital since high school, and became 
LQWHUHVWHG�LQ�FOLQLFDO�UHVHDUFK�EHFDXVH�RI�P\�H[SHULHQFHV�WKHUH��
I reached out to a trauma surgeon at the hospital with some 
SURMHFW�LGHDV��DQG�VKH�DJUHHG�WR�ZRUN�ZLWK�PH�

What kind of research do you do? In what lab?

Jake: I applied to the Mayo Clinic Summer Undergraduate 
5HVHDUFK�)HOORZVKLS�WKLV�SDVW�IDOO�DQG�ZDV�VHOHFWHG�WR�MRLQ�
the neuroinformatics lab of Dr. Mohamad Bydon. Our lab 
primarily studies the impacts of surgical intervention and the 

WUHDWPHQW�RI�LQMXU\�RU�GLVHDVHV�RI�WKH�VSLQH��%XLOGLQJ�RII�RI�
this, I used my interest in mental health disorders to design my 
RZQ�UHVHDUFK�SURMHFW��2YHU�WKH�FRXUVH�RI����ZHHNV��,�OHDUQHG�
how to amass relevant medical data from national databanks 
to study various outcomes in mental health patients following 
common spinal procedures. Using this data, I was then able 
to generate a patient cohort and use STATA software to run 
VWDWLVWLFDO�WHVWV�RQ�WKRXVDQGV�RI�HQWULHV�WR�GHWHUPLQH�VLJQL¿FDQW�
relationships between variables of interest. At the end of the 
summer, I had the opportunity to present my research as a 
poster which was then later featured at the 9th Annual Mayo 
Clinic Neurosurgery Research Forum. Looking back, it was an 
LQFUHGLEOH�H[SHULHQFH�WKDW�WDXJKW�PH�VR�PXFK�DERXW�ZRUNLQJ�
in biomedical research. Back on campus, I am also engaged 
in cognitive neuroscience research with Dr. Joshua Koen. Our 
lab focuses on using behavioral and imaging techniques to 
study critical cognitive processes such as aging and memory. 
%RWK�H[SHULHQFHV�KDYH�JLYHQ�PH�YDOXDEOH�WUDLQLQJ�LQ�UHDGLQJ��
SUHVHQWLQJ��DQG�ZRUNLQJ�ZLWK�VFLHQWL¿F�GDWD�DQG�UHVHDUFK�
methods.

Andrew: My observational astronomy research is focused on 
cataclysmic variable stars. This type of star system is formed 
when two stars orbit each other so closely that the strong grav-
itational pull of one star rips off the atmosphere of the other. 
In particular, I research magnetized cases of the mass-transfer 
SURFHVV�EHWZHHQ�WKH�WZR�VWDUV��0\�FXUUHQW�UHVHDUFK�SURMHFW�
utilizes data from NASA’s Kepler Space Telescope while I 
continue to observe other transient systems with Notre Dame’s 
Sarah L. Krizmanich Telescope. These works are advised by 
'U��3HWHU�*DUQDYLFK�DQG�&ROLQ�/LWWOH¿HOG��

Alex: ,�GHVLJQHG�D�FKDUW�UHYLHZ�FOLQLFDO�UHVHDUFK�SURMHFW�WR�
H[DPLQH�LQFLGHQFH�DQG�WUHQGV�RI�UKDEGRP\RO\VLV�DQG�UHQDO�
IDLOXUH�VHFRQGDU\�WR�LOOLFLW�GUXJ�XVH�RYHUGRVH��$V�SDUW�RI�WKH�
study, I reviewed the records of 1,200 patients diagnosed with 
rhabdomyolysis to determine if drug use contributed to this 
GLDJQRVLV��E\�VFUHHQLQJ�XULQH�WR[LFRORJ\�WHVWV��UHDGLQJ�KLVWRU\�
RI�SUHVHQW�LOOQHVV�GLVFKDUJH�LQIRUPDWLRQ���,�DOVR�H[WUDFWHG�
creatinine laboratory values from this cohort and analyzed dif-
ferences in lab values between patients who developed rhabdo 
secondary to drug use and patients who developed rhabdo 
because of other non-drug related reasons. I also compared 
trends in initiation of hemodialysis as a measure of acute 
failure between these two groups. I also do bench research on 
campus working in the Lieberman lab. I work on the Illicit 
'UXJ�3DSHU�$QDO\WLFDO�'HYLFH��LG3$'���DOWKRXJK�WKH�FOLQLFDO�
research was what I presented at FURF.



5216.+)*6

SPRING 2020 | VOL 11 | SCIENTIA | 48

To what journal have you submitted/do you plan to submit 
your work to?

Jake: My recently submitted paper, Mental Illnesses Among 
Patients Undergoing Elective Anterior Cervical Diseconomy 
DQG�)XVLRQ��$QDO\VLV�IURP�WKH�1DWLRQDO�5HDGPLVVLRQV�'DWD-
base, was accepted for publication in Clinical Neurology and 
Neurosurgery. I currently have a second paper that is in its 
¿QDO�VWDJHV�RI�SUHSDUDWLRQ�IRU�VXEPLVVLRQ�

Andrew: The Astronomical Journal.

Alex: To be determined.

What advice would you give to other ND students looking 
to get involved in research and also publish some day?

Jake: 'HYHORSLQJ�ERWK�D�VHQVH�RI�ÀH[LELOLW\�DQG�UHVLOLHQFH�
ZHUH�WZR�WKLQJV�WKDW�GH¿QLWHO\�KHOSHG�PH�JHW�WR�ZKHUH�,�DP�
now. When conducting research, not only is it important to 
cultivate a passion, but it is equally important to remain open 
to advice and learn from your network of peers and mentors. 
Others may have valuable perspectives or suggestions that can 
build upon your ideas and strengthen your results. At the same 
WLPH��LW�LV�LPSRUWDQW�WR�XVH�UHMHFWLRQV�DQG�GHIHDW�DV�D�OHDUQLQJ�
point for future improvement. If something doesn’t work the 
¿UVW�WLPH��WKDW¶V�RND\��6LJQL¿FDQW�GDWD�ZRQ¶W�MXVW�PDQLIHVW�RQ�
\RXU�¿UVW�WLPH�UXQQLQJ�DQ�H[SHULPHQW�DQG�SXEOLFDWLRQV�GRQ¶W�
suddenly appear overnight. Just keep working toward your 
goals and everything will eventually work out.

Andrew: ,�ZRXOG�HQFRXUDJH�1'�VWXGHQWV�WR�¿QG�D�ODE�LQ�
ZKLFK�WKH�GD\�WR�GD\�ZRUN�LV�HQMR\DEOH�IRU�WKHP��7KLV�ZLOO�
increase the chance of a student sticking with the research long 
WHUP�DQG�DFFXPXODWLQJ�¿QGLQJV�WR�SXEOLVK��

Alex: If you’re interested in research, don’t be afraid to reach 
out to professors or doctors to get involved. Being involved 
with research has been one of the most rewarding parts of my 
XQGHUJUDG�H[SHULHQFH��DQG�VRPHWKLQJ�WKDW�,�SODQ�WR�FRQWLQXH�
WR�HQJDJH�ZLWK�QH[W�\HDU�LQ�PHGLFDO�VFKRRO�DQG�HYHQWXDOO\�DV�D�
physician. I’ve been incredibly grateful to have supportive and 
passionate mentors (both Dr. Lieberman here at Notre Dame 
DQG�'U��/XHFNHO�DW�5KRGH�,VODQG�+RVSLWDO��WKDW�KDYH�UHDOO\�
helped me grow as a researcher. 

Jake Berg, ’21

Andrew Langford, ’22

$OH[�5LFKDUG��¶��
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Alumni Spotlight
MEGAN MCCABE

Dr. Elizabeth Berry-Kravis graduated from Notre Dame in 
������PDMRUHG�LQ�FKHPLVWU\�ZLWK�ELRFKHPLVWU\�FRQFHQWUDWLRQ��
and lived in Farley Hall. Her interest in science and specif-
ically in neuroscience began at a young age when she was 
fascinated by the mechanisms of the human brain. She has 
strong ties to Notre Dame as she grew up in South Bend. Her 
father and grandfather were both professors at Notre Dame, 
and her mother was very involved in the development of Notre 
Dame’s Robinson Community Learning Center. After Notre 
'DPH�EHFDPH�FRHG�LQ�������VKH�ZDV�DPRQJ�VRPH�RI�WKH�¿UVW�
ZRPHQ�WR�DWWHQG�1RWUH�'DPH��OHW�DORQH�VWXG\�LQ�D�67(0�¿HOG��
After graduating from Notre Dame, she attended the Univer-
VLW\�RI�&KLFDJR�IRU�DQ�0�'��3K�'��SURJUDP��DQG�FRPSOHWHG�D�
residency in pediatrics and a fellowship in pediatric neurolo-
gy. Dr. Berry-Kravis created a Fragile X Clinic and Research 
Program at the University of Chicago, and then she moved to 
Rush University Medical Center in Chicago in 1992. Since 
then, she has not only done groundbreaking research with 
)UDJLOH�;�6\QGURPH��EXW�DOVR�KDV�H[SDQGHG�KHU�ZRUN�WR�FRYHU�
many other disorders such as Niemann-Pick Type C, Angel-
man syndrome, and other autism spectrum disorders. At Rush, 
she works in the department of Pediatric Neurology where she 
not only treats patients on a regular basis, but also continues to 
UHVHDUFK�GUXJ�HI¿FDF\�DQG�JHQHWLF�PHFKDQLVPV�EHKLQG�YDULRXV�
rare, genetic, and neurological disorders. Dr. Berry-Kravis 
presents at numerous conferences each year, and her list of 
SXEOLFDWLRQV�LV�H[WHQVLYH��6KH�KDV�ZRQ�YDULRXV�DZDUGV�DQG�
honors for her clinical and research work. She is the epitome 
of a compassionate, persistent, and brilliant clinician, and has 
countless strong relationships with patients and their families. 
Dr. Berry-Kravis has continued to tie her academic roots back 
to Notre Dame with her work in parallel with Notre Dame’s 
Ara Parseghian Medical Research Foundation through re-
search in a clinical trial for a drug treating Niemann-Pick Type 
C disease. She continues to visit Notre Dame multiple times 
a year for Rare Disease Day in the spring, and for football 
games in the fall.

At Notre Dame, what helped you form your career goals? 
Were you involved in research? 

I went to Notre Dame knowing I wanted to go to medical 
VFKRRO�DQG�ZRUN�RQ�WKH�EUDLQ��QHXURORJLVW�RU�QHXURVXUJHRQ���,�
did research at Notre Dame that helped solidify my decision 
that I wanted to do research as well as clinical medicine. I 
worked in the lab of Dr. Michael Gould (not currently at Notre 
'DPH���,�VWXGLHG�WKH�HIIHFWV�RI�YDULRXV�IRRG�DGGLWLYHV�RQ�WKH�

XSWDNH�RI�QHXURWUDQVPLWWHUV��GRSDPLQH�DQG�QRUHSLQHSKULQH��
LQWR�V\QDSWLF�YHVLFOHV�WR�GHWHUPLQH�LI�D�PHFKDQLVP�H[LVWHG�
based on impaired uptake through which food additives might 
SURPRWH�$'+'�V\PSWRPV��7KHVH�H[SHULPHQWV�GLG�QRW�VKRZ�D�
clear effect, but the idea of doing research that might inform a 
clinical problem and allow decisions about treatment for brain 
disorders really stuck with me. I decided I did want a career 
that combined research and clinical medicine which led to me 
apply to a medical scientist training program.
 
What was your motivation for receiving both an M.D. and 
a Ph.D.? 

You can do research with an M.D. and some fellowship 
training but to really get good training in how to think about a 
research problem, whether clinical or basic research, it really 
helps to do the Ph.D. upfront. Since I was sure I wanted a 
career in academic medicine and research, it made sense and 
ZDV�PRVW�HI¿FLHQW�WR�GR�WKH�FRPELQHG�SURJUDP�
 
:KDW�LQVSLUHG�\RX�WR�JR�LQWR�SHGLDWULF�QHXURORJ\�VSHFL¿-
cally studying and treating rare, genetic, and neurological 
disorders?
 
In medical school I did rotations in neurosurgery, neurology 
DQG�SHGLDWULF�QHXURORJ\�LQ�P\��UG�HDUO\��WK�\HDU��,�GLG�QRW�OLNH�
the drawn-out nature of surgery training and did not feel like 
the surgery schedule was as conducive to research develop-
ment as neurology. Rotating on pediatric neurology and adult 
neurology back to back made it very clear to me that I like 
working with kids best. I thought that new research that might 
change the course of pediatric brain disease could have a 
bigger effect as the kids were at the beginning of life and were 
likely to have more plasticity and potential for improvement. 
I started out doing work in Battens disease and Fragile X 
syndrome, with Fragile X as my main focus. After building a 
program in Fragile X, it was clear there are so many overlaps 
between these different conditions in terms of challenges of 
developing new treatments, so I branched out into multiple 
UDUH�GLVHDVH�DUHDV��,�UHDOO\�HQMR\�ZRUNLQJ�ZLWK�WKHVH�SRSXOD-
tions because the families are so involved and well-informed 
and it’s really a team approach and a partnership with the 
families to try to beat the disease threatening and impairing 
their children. Also with rare diseases we are usually dealing 
ZLWK�D�VLQJOH�JHQH�DQG�YHU\�VSHFL¿F�JHQHWLF�PHFKDQLVPV�RI�
GLVHDVH��ZKLFK�RIIHU�WKH�FKDQFH�WR�WDUJHW�D�VSHFL¿F�PHFKDQLVP�
to try to treat the disease. More general pediatric neurology 
GLVHDVHV�OLNH�VHL]XUHV��$'+'�DQG�DXWLVP�KDYH�VXFK�FRPSOH[�
genetics that it’s much harder to conceive of mechanism-di-
rected treatment and one has to rely on more general types of 
new treatments which may not be as effective.
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Can you describe a bit about your connection with Notre 
Dame’s Parseghian Foundation in relation to your current 
research with Niemann-Pick Type C Disease (NPC)?

The Parseghian Foundation has really laid the basis for all cur-
rent research in NPC. They funded the early work that helped 
XQGHUVWDQG�ZKDW�FDXVHV�WKH�GLVRUGHU�DQG�OHG�WR�WKH�LGHQWL¿FD-
tion of the gene. When I would read papers on NPC it seemed 
that almost all of them would list the Parseghian Founda-
tion as a funder. I could see their huge impact. Later when I 
started treating NPC patients, I could see how important the 
Parseghian Foundation was in terms of bringing researchers 
WRJHWKHU�WR�SURPSW�FROODERUDWLRQV��DQG�IXQGLQJ�VHHG�SURMHFWV��
I lived in Farley with Cindy Parseghian when I was at ND. 
We played on the same interhall basketball team. We went our 
separate ways after ND and only re-connected when I start-
ed treating patients and came to the conference well into my 
career. She is an ongoing inspiration in the same way all the 
families I treat are to me.
 

Elizabeth Berry-Kravis, M.D., Ph.D.,’79

What advice do you have for undergraduates who want to 
EH�LQYROYHG�ZLWK�VFLHQWL¿F�UHVHDUFK"

'R�UHVHDUFK�LQ�D�ODE�RU�LQ�VHYHUDO�ODEV��DQG�H[SORUH�ZKDW�\RX�
are interested in so you can decide early in medical school if 
you want to be in a research track.
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Talk Science

Kevin Vaughan, Ph.D.
Department of Biological Sciences

Challenges in Rare Disease Research

September 19, 2019

Helen Streff
Biological Sciences, Bioengineering, 
STV ’20

Using the Common Approach of 
CRISPR to Study Lysosomal Rare 
Diseases

Annette Pilkington, Ph.D.
Department of Mathematics

Wrestling with Rings and Rankings

Kevin Lannon, Ph.D.
Department of Physics

&DQ�$UWL¿FLDO�,QWHOOLJHQFH�+HOS�8V�
Discover New Particles? 

Jessica Brown, Ph.D.
Department of Chemistry

Using MALAT1 to Crack Open 
Triple-Stranded RNA Biology

Olaf Wiest, Ph.D.
Department of Chemistry

2UJDQLF�6\QWKHVLV�LQ�WKH�$JH�RI�$UWLÀFLDO�
Intelligence

Andrea Lebron
Biological Sciences ’21

Characterizing natural products active 
against antibiotic-resistant bacteria of 
FOLQLFDO�VLJQL¿FDQFH

Veronica Kalwajtys 
Biochemistry and Liturgical Music 
Ministry ’20

Antimicrobial Peptides as Alternative 
Antibiotics 

Michael Sokolowski 
Biological Sciences ’20

The Role of SGK-1 Mediated ATP 
Generation in Cellular Survival of ECM 
Detachment

October 10, 2019

November 21, 2019

January 30, 2020

February 20, 2020

Aviva Lund
Biological Sciences ’23

The Effect of PAM-3 on Trophoblast 
Cells and Human Endometrial Stromal 
Cells
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JOIN US
Interested in publishing your research in the next issue of 

Scientia or presenting at the next Talk Science seminar? 

Want to help publish the next issue of Scientia?
We are currently seeking reviewers, editors, news columnists, 

and graphic designers for the upcoming semester.

Email scientia@nd.edu for details.
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