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Figure 1. When the frequency of burning 
found on snake bones was compared to that of 
artiodactyls, lagomorphs, and rodents found at 
Marana, 32% of artiodactyls were burned, 16% 
of lagomorph remains were burned, 8.5% of 
rodent remains were burned, and 4.5% of 
snake remains were burned. Lagomorphs and 
rodents were a food source for the Hohokam, 
although rodents in a lesser degree. The main 
food source, lagomorphs, have a moderate 
amount of burning because when the bones 
are cooked, they’re typically encased in flesh 
which protects them. Snakes are a less likely 
candidate for food, with only 4.5% of the snake 
bones being burned  

I can conclude that snakes do not have cultural 
significance at the Marana Platform Mound site., 
because the evidence shows: 

• There is nothing unusual about finding snakes here 
because other Hohokam sites that were occupied 
during the same time as Marana, also had snakes 
found in their faunal assemblage. 

• Road ridings have shown that many of the snakes 
found in the Sonoran desert are venomous, which 
explains the distribution of venomous snake bones 
found.  

• The lack of burning found on snake bones indicate 
they were not a food source or used for rituals. 

• The proveniences where snake bones are found at 
Marana have concentrations of bones that associate 
them with trash mounds. Therefore, snake remains 
found in these places can be classified as trash.  

• Marana is also in a suitable environment for snakes 
in general. People disturbing the ground and 
environment creates suitable homes and food 
sources for snakes.

Based on all these factors, I can conclude that snakes do 
not have cultural significance at the Marana Platform 
Mound site. Rebecca Dean and I identified around 4,000 faunal 

specimens from Marana and coded them for species, 
burning, and location. These were added to a database 
of about 15,000 faunal specimens already recorded by 
other researchers. In addition, I looked at the presence 
or absence of snake remains in a database of 123 
Hohokam faunal assemblages.

“There’s a snake in my boot!”: Serpentes remains from the Marana Platform Site
Amelia Nelson, Rebecca Dean

University of Minnesota, Morris

The Hohokam people lived in the Sonoran desert in 
Arizona from 100 C.E. to 1400 C.E. This is the current 
homeland of the Tohono O’odham people. From 
1100-1250 C.E., the Marana Platform Mound site was 
occupied. A way archaeologists learn how the Hohokam 
lived is by looking at faunal remains. Data from faunal 
remains show if the animals had cultural significance. 
For example, at Marana, rabbits were the main food 
source and artiodactyls, in addition to being food, were 
part of ritual closing ceremonies of houses. 

There has not been a systematic study analyzing the 
snake remains in Hohokam sites. My research fills this 
gap. Snake remains have been found at a variety of 
Hohokam sites including Marana. To see if the presence 
of snake remains is culturally significant, I examined 
similar sites and compared the frequency of burning, 
location of snake remains at Marana, and the biotic 
communities of snakes. My research suggests that the 
presence of snake remains is due to chance, rather than 
being used for rituals or as a result of hunting. 

Methods

Introduction

Results

Discussion and Conclusion
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Figure 2. Some of the snake remains were found in proveniences with trash mounds. Animal remains found in trash mounds are 
trash material. Beaver & Dean (2019) found that there is a difference in the concentrations of fauna found in trash mounds and 
found in ritual deposits; trash mounds have higher concentrations of rodents and lagomorphs. Snakes located elsewhere within 
Marana were compared to the concentrations of the faunal troika of other faunal assemblages in Marana. Using the graphs above, 
the faunal makeup of proveniences with snakes are compared to other locations. The total assemblage had 2% artiodactyl, 82% 
lagomorph, and 16% rodent which strongly associates it with what is found in the trash mounds. 

Another factor that I looked at was the environments snakes are found in and 
if this corresponds with what is found at Marana. When looking at biotic 
communities, snakes that live in this location are found in bajada desertscrub, 
paloverde-saguaro desertscrub, riparian communities, semi-desert grassland, 
and mesquite bosque (Brown, 1994). These habitats are found at the Marana site. 
Road riding studies of the Sonoran desert, many snakes found were venomous 
and rattlesnakes (Sullivan et. al., 2016). Venomous snakes that are most found in 
these environments are the Tiger rattlesnake and the Western Diamondback 
rattlesnake (Lazaroff, Rosen, Lowe Jr., 2006).  A common nonvenomous snake 
that is found in this environment is the Coachwhip (Masticophis flagellum). 



Describing the Eastern Tiger Salamander (Ambystoma tigrinum) Stress 
Response Through the Ratio Of Neutrophils to Lymphocytes Over Time

Drake Egan, Alex Hernandez, Paige Petty, and Heather Waye, University of Minnesota Morris, MN USA

Introduction
 Tiger salamanders are members of class Amphibia

 Live in prairie potholes April-August

 Elevated neutrophil to lymphocyte (N:L) proportions can indicate physiological 

stress

 Continuing research by Heather Waye

 Important in describing impacts of environmental disruptions and the relative health 

of a population

Methods
 In continuing study, we captured salamanders with minnow traps at the Pepperton

Waterfowl Production Area in several ponds

 They could have got in the minnow traps any time between 24 hours

 Addition of new method: capture the salamanders by net so we have the exact time

 Salamanders were anesthetized and had blood drawn from the caudal vein within an 

hour of capture

 Then salamanders were confined in a bucket to create a stressful environment for a 

set number of hours, then had blood drawn again

We counted and identified the first 100 leukocytes (white blood cells) seen in each 

slide under microscope

 Compared the before and after neutrophil to lymphocyte ratios

Results
 All salamanders had a measurable rise in stress

 But too small of a sample size to draw any timeline conclusions

Discussion
 The blood taken 8 hours after initial sampling of dipnetted salamanders showed 

a larger increase in stress than blood sampled at 24 hours later

 Under assumption of equal stress during time in bucket

Maybe they are initially stressed, but once the human factor is removed, they 

calm down

 Need to catch more salamanders

 Try to apply timeline for salamanders in traps anywhere from 0-24 hours after

 Important for conservation efforts and captive management

Acknowledgements:
This project was supported by The UMM IUSE: Encouraging the 
participation of Native Americans in the Interdisciplinary 
Environmental Sciences and Sustainability at the University of 
Minnesota Morris. Work with the salamanders was carried out in 
accordance with standard animal care protocols and approved by 
University of Minnesota Animal Care and Use Committee (IACUC 
#1601-33284A). We thank the Morris Wetland Management 
District for a Special Use Permit (#2014-23357) to work at 
Pepperton Waterfowl Production Area.

(b)

0

0.5

1

1.5

2

2.5

3

0 4 8 12 16 20 24 28

N
:L

 r
a
ti
o

Hours since capture

Ratio of N:L at Time of Blood Draw in 

Salamanders Caught by Dipnet 

-1

-0.5

0

0.5

1

1.5

2

2.5

3

0 2 4 6 8 10

C
h
a
n
g
e
 i
n
 r

a
ti
o

Time category

Change in trapped salamander N:L 

Ratio

References
Bennett, M., Gaudio, C., Johnson, A., & Spisso, J. (1972). Changes in the blood of newts, Notophthalmus viridescens, following the administration of hydrocortisone. Journal Of Comparative Physiology, 80(2), 233-
237. doi: 10.1007/bf00696493
Davis, A., & Maney, D. (2018). The use of glucocorticoid hormones or leucocyte profiles to measure stress in vertebrates: What’s the difference?. Methods In Ecology And Evolution, 9(6), 1556-1568. doi: 
10.1111/2041-210x.13020
Davis, A., Maney, D., & Maerz, J. (2008). The use of leukocyte profiles to measure stress in vertebrates: a review for ecologists. Functional Ecology, 22(5), 760-772. doi: 10.1111/j.1365-2435.2008.01467.x
DuRant, S., Hopkins, W., Davis, A., & Romero, L. (2015). Evidence of ectoparasite-induced endocrine disruption in an imperiled giant salamander, the eastern hellbender (Cryptobranchus alleganiensis). Journal Of 
Experimental Biology, 218(14), 2297-2304. doi: 10.1242/jeb.118703
Narayan, E., & Hero, J. (2011). Urinary corticosterone responses and haematological stress indicators in the endangered Fijian ground frog (Platymantis vitiana) during transportation and captivity. Australian 
Journal Of Zoology, 59(2), 79. doi: 10.1071/zo11030
Waye, H., Dolan, P., & Hernandez, A. (2019). White Blood Cell Profiles in Long-Term Captive and Recently Captured Eastern Tiger Salamanders (Ambystoma tigrinum). Copeia, 107(1), 138. doi: 10.1643/cp-18-126

Figure 1. Ratio of circulating 
Neutrophils and Lymphocytes 
in Eastern tiger salamanders 
caught by dipnet (n=3).

Figure 2. Change in Neutrophil to Lymphocyte N:L ratios 
between two blood profiles of Easter tiger salamanders caught in 
minnow traps 
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Endogamous Population Effects on Child Fertility in French 
Canada

Katelyn Bergstrom and Rebecca Dean

Introduction

Endogamy is the practice of marrying someone within the same ethnic, social, religious, or cultural group. In 

endogamous populations, every person descends from the same small gene pool. It is seen in various communities 

throughout the world. Endogamous populations are sometimes referred to as isolated populations. They have been 

seen to have numerous rare diseases and birth defects as the small gene pool offers a greater chance for recessive 

traits to be more commonly expressed and increase the chance of early mortality (Danubio 1999; Reddy 2007; 

Lopes 2017)

One group in particular that is known for endogamy is the French Canadian population that settled in Quebec in the 

beginning of the 17th Century. French Canadians at this time mainly practiced Roman Catharism; marrying within 

the church was very important to French Canadians at this time, and became even more important as time passed 

when new French families were not able to journey to Canada after the British took control of the region. Over time 

this made the gene pool for the French Canadian population small and isolated. 

Box and whisker plots were graphed by ranges of 
relatedness, from left (less related) to right (more related), as 
the following: 0.000122-.00098, 0.00098-0.002197, 
0.002197-0.007813, 0.007813-0.125244, and 
0.125244-0.250977.

Aim

If endogamous populations reduce the gene pool and increase the chance of 

mortality then could having an isolated population also have an effect on the 

number of children a couple could have? In this study, we calculated the 

coefficient of relatedness of French Canadian families from the start of 17th 

century until the mid-18th century, then compared this to the number of 

children to see if relatedness affected the number of children birthed by a 

couple.    

Methods
The relatedness coefficient was calculated at the University of Minnesota 

Morris on a database of French Canadian families gathered by Dr. Rebecca 

Dean. The data was already cleaned of duplicates and  sorted prior to 

analysis. After the relatedness coefficient was determined, coefficients were 

grouped into quadrants and data was organized into a box-and-whisker plot. 

The relatedness coefficient was calculated by generating pedigrees of 

families’ and counting the number of generations between individuals. 

Once the number of generations is determined that amount was raised to ½  

to calculate relatedness coefficient. If both male and female had ancestors 

within the pedigree then amounts raised to ½ were then added together to 

get total relatedness coefficient.  
Conclusion
•Isolated populations had relatedness coefficients ranging from 

0.000122-0.250977

•There does not seem to be a trend between relatedness coefficient and 

number of children

•This could be due to coefficients being too low valued or possibly that 

humans are not as greatly affected by relatedness coefficient as other 

animals

•Even if couples with higher related coefficient did have several children, 

children may not have survived to the next generation, however that data 

was not available in this study and could be investigated more in detail in 

the future
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Composition of a Story Cloth: The Importance of a Personal Expressive 
Writing Method in Academia

Trina Vue, Professor Joshua Johnson, Department of English
Undergraduate Research Opportunities Program - University of Minnesota Morris

The Hmong, having always been a community of people who were constantly 
relocating and running, hold onto the only things that keep them grounded: 
their history and culture. When a massive wave of Hmong refugees 
immigrated to the United States after The Secret War in 1975, their strength 
to hold onto that heritage became weaker when introduced to American 
school systems that enforced western teachings in writing. That included 
using an ”objective” voice. With no outlet to express their struggles in 
grasping their identities of being Hmong and American, I turn to a method of 
storytelling that allows for that kind of expression. In this intersection 
between traditional academic writing and expressive writing, I analyze the 
Hmong story cloth, a form of textile art that uses embroidery to depict a 
narrative, in order to build a framework through which to approach 
storytelling. In doing so, I argue that by understanding the composition of a 
story cloth, we can help Hmong students work towards a product that both 
meets the demands of academic discourse and expresses personal voice.

Introduction

• “The words that I write appear from my hands—it is 
from my mind, and from my heart [that] they were 
born. My writing is my self-expression; if it does not 

sound like me, it is not my creation.” – Lucy , 23, 
California 

• ”There was this sense of freedom that came [from 
being asked to include my experiences in writing.] Like, 
‘Oh god, I can finally express myself and be able to fully 

articulate myself in a way that I haven’t prior.’ It 
released me in a way where I could write 

authentically.” – Stephane, 26 

Objectives

Literature Review
• To fully understand the context of my research, I delved into the 

scholarship of academic discourse in relationship to identity, voice, the 
personal, and objectivity.

• Scholarly research also involved learning more about a story cloth. This 
included understanding more about what its purpose is, what it 
represents, and the general process of its creation.

Story Cloths
• In Hmong culture, they serve as a historically significant way to record not 

only traditional folklore, but also everyday life, and important events in 
Hmong history.

• This was the perfect template in my research because it provided an 
accurate representation of how to tell a story from this specific group of 
people.

• I used it as a framework to study storytelling → then analyzed the links 
between personal voice, academic discourse, and how to use storytelling 
to encompass all three

Hmong Voices
• Semi-structured interviews of 30-45 minutes duration were constructed 

with five participants who identified as former or current Hmong students.
• They represented students in both California and Minnesota, which are 

the two states with the largest Hmong population. 

Methodology
Interviews
• All five of the participants reported that their experience with writing 

reflected what traditional academic discourse encourages: using an 
impersonal voice and writing in third person.

• All five of the participants expressed that identity is connected to writing, 
while also stating how imperative it was to be able to express their identity 
in their work.

Analysis
• Storytelling and academic writing are similar in many ways, even if it’s not 

explicitly said.
• A story cloth is something already easily recognizable to Hmong students.
• We can use it as a way to teach them about the techniques that are critical 

in writing.
• Storytelling as a method for writing allows for not only “academic writing” 

done well, but also invokes a personal aspect of the writer that promotes a 
certain reflection.

• The personal and emotional is a strength: Acknowledging and more 
importantly, valuing the experiences and realities of a student’s life.

Results

Teachers need to recognize:
• There is a need for a discourse that does admit voice and identity.
• It is their responsibility to provide a space for students to comfortably use 

their voices and experiences, instead of suspending them.
• Storytelling is just one way to do that, in order to reframe the narrative of 

academic writing.

For the Future
• I want to look at how storytelling can help not only Hmong students in 

writing, but students overall.
• In addition to that, I want to be able to take storytelling and apply it to 

aspects outside of just writing. 

Conclusions

Figure 1. Traditional Hmong Story Cloth 
depicting the events of The Secret War.

Introduction

Body 
Paragraph 1

Body 
Paragraph 2

Body 
Paragraph 3

Conclusion

• Build a framework through which to approach storytelling

• Examine if by understanding a story cloth, we can help 
Hmong students better grasp their identity in their own 
academic writing.

• Explore how the two forms of composition (traditional 
Hmong story cloth and academic writing) can work together 
towards a product that both meets the demands of academic 
discourse and expresses the voice and identity of the author.
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Who are Hmong people?
• The Secret War

• 1961: CIA begins recruitment of ethnic minorities, trained to stop the 
spread of Communism 

• Waves of Hmong people cross the border into Thailand 
• 1975: Collapse of Royal Lao Government
• Hmong refugees begin arriving in the US

Background Figure 2. Visual representation 
of a traditional academic essay. 

Figure 3. Close-up of a story cloth depicting  
folklore.

Figure 4. Close-up of a story cloth depicting  
a woman in an every day life village.



Direct Arylation Polymerization of 
Indophenine-Based Monomers

Sarah Severson
Spring 2020 UROP

Under the direction of Dr. Ted M. Pappenfus
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Organic redox materials 
● Low-cost carbon materials
● Unique electronic properties
● High tunability/flexibility

2
Solar Companies. http://www.solarcompanies.com/organic-solar-cells-thinner-lighter-and-printable/ (accessed Jan. 3, 2020). News wise. https://www.newswise.com/articles/scientists-create-thin-ilms-with-tantalizing-electronic-properties (accessed Jan. 3, 2020). 
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What do all these devices have in common?

3
7 Types of Plastic. https://waste4change.com/7-types-plastic-need-know/ (accessed Jan. 3, 2020). The Atlantic: Technology. https://www.theatlantic.com/technology/archive/2012/11/what-dna-actually-looks-like/265713/ (accessed Jan. 3, 2020). 
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Polymerization methods
Step-growth polymerization via transition metal-catalyzed coupling (example: Stille)

H H

Step-growth polymerization via direct arylation polymerization (DArP) 

4



Indophenine as a monomer for polymerization
● History: 

○ 1879: indophenine was discovered by Alfred Baeyer
○ 1882: indophenine is made from thiophene (Meyer et al.)  
○ 1924: correct structure identified (Heller et al.)

● Indophenine shows promise for electronic applications due to its…
○ Quinoidal structure
○ Conjugated character
○ Synthetic modifiability 

5



Indophenine-based monomer
● Modified with ProDOT substituents to enhance solubility and eliminate 

isomerism (Pappenfus et al.)
● Facile synthesis with acid catalyst (Cava et al.)
● Easily polymerized via Stille coupling 

6
Monomer
32% yield 

ProDOT Alkylated-Isatin



Stille copolymer

7

λmax (solution) = 807 nm
λmax (film) = 771 nm

Bandgap = 1.2 eV

Mw 7000 g/mol

Mn 5222 

PDI 1.34

Stille Copolymer 
95% yield



A greener route: DArP

8

● Requires the functionalization of only one coupling site (halide)
● Other coupling site is a C-H bond that is “activated” 
● DArP with indophenines has not been previously reported

Preparation of indophenine-based polymer using DArP



9

Related DArP polymers
● Grenier et al. (2015) synthesized a similar polymer via DArP with:

○ 95% yield, Mw = 210,000 g/mol, PDI = 2.31 



10

DArP polymer: purification
Methanol
Acetone

Hexanes (33%)
Chloroform (62%)

Combined yield of 95%

Mw 6047

Mn 5287

PDI 1.13



DArP polymer: UV-Vis

11

λmax = 797 nm
Band gap = 1.22 eV

λmax = 853 nm



12

Cyclic voltammetry of DArP polymer

Electronic Band Gap = 1.17 eV
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DArP versus Stille Coupling
Stille polymer DArP polymer

Yield 95% 95%

Solution λmax 807 nm 853 nm

Solution Bandgap 1.2 eV 1.2 eV

Mw 7000 g/mol 6047 g/mol

Mn 5222 g/mol 5287 g/mol

PDI 1.34 1.13

Direct arylation polymerization is a viable route 
to produce indophenine polymers with desirable 

electronic properties. 



Optimization
● Improving molecular weight by:

○ Enhancing solubility to prevent premature polymerization termination

○ Using already-synthesized alternative monomers with improved solubility

○ Designing new monomers with enhanced solubility 

● Increasing sustainability by using alternative solvents

● Exploring new catalytic systems

14



Enhancing solubility: thiophene monomer
● Replace ProDOT monomer with a more soluble thiophene monomer
● Used optimized conditions proposed by Meyers et al. 

15

No visible color change occurred and TLC 
indicated formation of no product. 



Enhancing solubility: indophenine monomer 
● Design a new indohenine monomer with hexyl substituents rather than 

ProDOT subsitutents. 

16

No visible color change occurred and TLC indicated formation of 
almost no product. Steric and/or electronic effects likely make the 

reaction less favorable. 



Enhancing sustainability: solvent
● A key starting material is an alkylated isatin. 
● The conventional reaction uses DMF as a solvent, which…

○ Complicates purification
○ Reduces sustainability

● Attempt same reaction with acetone as solvent

17

In DMF, the reaction formed the desired product in 60% yield. In 
acetone, no product formed. 

Only starting 
material in 

acetone



Conclusions and Future Work
● Direct arylation polymerization is a sustainable and effective route toward 

indophenine polymers with desirable electronic properties

● Further optimization needed to:
○ Increase the molecular weight of indophenine polymers

○ Enhance the solubility of indophenine monomers and polymers

○ Improve the sustainability of the synthesis of starting materials 

● Future work includes:
○ Theoretical calculations to understand energy barriers of failed reactions

○ Continued exploration of more soluble indophenine monomers 

○ Continued testing of different catalytic systems
18
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