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Ghosts of the High Country: Photographing Mountain Goats in the 
Bridger Range of Montana
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Laundry Room Jungle

“Laundry Room Jungle” is a fun poem about the difficulties of doing laundry in a college dorm. At face value, 
it is a good laugh and an easy read. Looking deeper into the writing, readers will see themes of human nature 
and selfish individualism. I wanted this poem to represent what it feels like going to college as a freshman, 
surrounded by people who are already familiar with the campus and so engrossed in their day-to-day lives that 
they have no time to entertain newcomers.
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Amelia Lasky | Salt Lake City, Utah
“God rules my life more than fear and 
anxiety, so whatever is coming, my kids 
will be prepared in some way.”

Portraits of a Planet in 
Crisis
A project by Amelia DiGiano 

The climate crisis makes my future, and the future of humanity, 
feel alarmingly precarious. I started to develop this series as a way 
of documenting this sensation, the chronic fear associated with 
climate change. But as I began approaching people to include 
in the project, it became clear that we do not all conceptualize 
climate change in the same way. To some it feels existential, 
but to others it feels fabricated and to many, it feels entirely 
beyond human control. Portraits of a Planet in Crisis explores 
and documents this broad spectrum of human stories that 
transpire within stories of en�ironmental de�astation. 

Kylan Skinner | Hobuck Beach, Washington
“�limate change is causing mafor loss of fish and loss of wildlife. I want him to grow up to understand what I saw 
when I was a child. But I’m sure it’s going to be di@erent for him. I want to know more information, but it’s so sad 
to me.”

�0ral and �shley �isil�ঞ | �ozelan, �ontana
“)e don’t ha�e kids yet but we’re expecting. �limate change is something we’�e talked about, like is e�erything 
going to be on fire? �nd will there be enough drinking water? But we also ha�e the mindset that if we’re educated, 
then hopefully we can bring up educated people to help with our world. But it is scary.”

Amelia DiGiano is gradu-
ating in May with a B.
.�. 
in Integrated Lens Based 
Media. "he completed this 
project with help from the 
&ndergraduate "cholars 
Program research grant. To 
see her completed project, 
visit the QR code below.
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Tyler Nelson & Sons | Cortez, Colorado
“I think we should take care of the earth. I don’t like litter. But what’s the opposite of eco-anxiety? I’m 
like, eco-chill. Drive diesel pick-ups, roll the coal.”

Joe Bryant | Swannanoa, North Carolina
“I’ve heard a whole lot about climate change and I don’t know a lot about it. I’m ready to learn about 
anything right now. I’m tired of damn sleeping on the ground.”

Malia, Jordin, Katherine, Elijah | Neah Bay, Washington
“It’s not something we stress about because it’s not that bad down here.” - Malia

Stenzin Dawa | Leh, Ladakh
“If the Ladakhi people die, they will die for lack of water. The fields will go dry, the animals won’t be able 
to drink, all of the springs will dry up. And we’re already seeing this happen.”
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The Paradox of Language:
An Exploration of Abjection and Language in Play it as it Lays 
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Ghosts of the Landscapes
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Having recently inherited a set of cameras and film from a great uncle, Ray Wilmot (1923–1993), this work, 
Ghosts of the Landscapes, works to explore more about the life of a family member that I was unable to meet, 
having been born 11 years after his death. Ray Wilmot was an avid photographer, who pursued photography 
throughout his adult life until he was diagnosed with +)*,"-*#'./*#$0.". (MS) about 10 years before his death. 
This led him to leave his cameras and film sitting for the rest of his life, along with them sitting for 30 years 
beyond his death. I embarked on the journey of developing the film Ray had never been able to see and 
after studying them I chose to visit Livingston, Montana and photograph the landscapes my great uncle once 
photographed. The landscapes of Livingston were photographed on expired film that once belonged to my 
great uncle using his cameras. By collaging the prints from the found film and the new landscapes and using 
the equipment he had used, I have worked to combine the past and present, allowing myself to build a stronger 
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Epistemic Injustice and Violence Perpetrated Against Indigenous 
Populations: Is Reconciliation a Modern Manifestation of 
Epistemic Violence? 
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It is important to begin with the distinction between 
epistemic injustice and epistemic violence. Epistemic 
injustice, first conceptualized by Miranda Fricker in her 
book @D$&'10$>)/BE"&'$>1;)6%F1#)(B4)@'-$>&)%G)HB%F$B., 

revolves around injustices that are largely testimonial or 
hermeneutical, and the framework she outlines relies 
on interpersonal hearer/speaker relations. Testimonial 
injustices are situations in which, “prejudice will tend 
surreptitiously to inflate or deflate the credibility 
afforded the speaker, and sometimes this will be 
sufficient to cross the threshold for belief or acceptance 
so that the hearer’s prejudice causes him to miss out 
on a piece of knowledge” (Fricker 17). It is understood 
that testimonial injustice is a specific instance in which 
a speaker’s testimony or account is devalued based on 
characteristics unrelated to their capacity as an epistemic 
agent. An example of epistemic injustice might be a 
black woman whose sexual assault allegations are not 
taken seriously by a hearer due to a racial prejudice they 
hold against her. Through this analysis, it is made clear 
that Fricker’s account of epistemic injustice operates 
largely on an interpersonal scale, in which speaker/
hearer relations unfold to establish belief or disbelief 
in an individual’s testimony. Awarding such belief is 
dependent on a hearer’s biases. Fricker’s account of 
testimonial injustice evolves from an implicit bias or 
structural ignorance held by the hearer, and the hearer’s 
disbelief in these interpersonal settings is not contingent 
on intentionally perpetuating systems of silencing and 
erasure; however, it is important to note such disbelief 
is informed by historically oppressive structures. In the 
case of the black woman, racial biases led to the hearer’s 
disbelief in her 
testimony.

P5:$8&Q8:?(42

This paper explores Indigenous knowledge suppression as a form of epistemic violence and injustice. Through 
examination of the residential schooling system, I demonstrate how forced assimilation practices, such as 
language suppression and erasure, severed important epistemic ties for Indigenous children. Drawing on 
Gayatri Spivak’s account of epistemic violence and Miranda Fricker’s literature on epistemic injustice, I argue 
that colonial boarding schools incited epistemic violence which gave rise to testimonial and hermeneutical 
injustices. Furthermore, I critically analyze modern forms of reconciliation, declaring that such efforts fail to 
adequately address ongoing harms faced by Indigenous peoples. Instead, they perpetuate systemic oppression 
and epistemic injustice, thereby diminishing Indigenous testimonies in the modern era. Finally, I engage with 
José Medina’s recognition philosophy to assert the need for a radical shift in the process of recognition as a step 
towards sufficiently managing epistemic harms.
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Alongside testimonial injustice, Fricker also details 
hermeneutical injustice. Hermeneutical injustice refers 
to an injustice where an individual is disadvantaged in 
their ability to communicate or understand a situation 
due to a rift in the collective conceptual framework. 
She states, “hermeneutical injustice occurs…when a 
gap in collective interpretive resources puts someone at 
an unfair disadvantage when it comes to making sense 
of their social experiences. …and that hermeneutical 
injustice is caused by structural prejudice in the 
economy of collective hermeneutical resources” 
(Fricker 1). Such an injustice includes women being 
unable to communicate workplace sexual harassment 
before workplace legislation was passed that gave such 
harassment a category. Because women did not have a 
category or word to convey what they were experiencing, 
due to a collective rift in understanding and framework, 
they were unable to make sense of their experience 
or communicate it effectively. Similar to testimonial 
injustice, the hearer’s disbelief or the speaker’s inability 
to communicate their experience in these interpersonal 
settings is not contingent on intentional silencing 
or erasure; however, such injustices do arise from 
historically oppressive power structures, and reflect on 
an interpersonal scale, the continuance of oppressive 
actions towards a specific group. The example of the 
term sexual harassment not being conceptualized until 
the 70s reflects a deeper systemic issue arising from 
the patriarchal framework. While inherently useful in 
studying epistemic harms, epistemic injustices arise 
out of epistemic violence, and thus it is imperative to 
also investigate Gayatri Spivak’s account of epistemic 
violence.

First defined in her essay “Can the Subaltern Speak?” 
Spivak’s conception of epistemic violence constitutes 
a much more intentional and malicious account of 
injustice. Whereas Fricker’s account of epistemic 
injustice details more interpersonal and focused 
instances of epistemic wrongs, Spivak’s encompasses a 
far broader and more structural account of epistemic 
harms. Epistemic violence refers to harm inflicted 
when knowledge systems of marginalized groups are 
distorted or silenced, usually by a dominant group or 
ideology; instances of epistemic violence are typified by 
their ties to structural or systemic oppression (Spivak). 
She frames her argument in the context of Western 
epistemic traditions, for example, colonialism, and 
how these dominant discourses systematically erase or 
misrepresent marginalized peoples and their knowledge 

systems. “The clearest example of such epistemic 
violence is the remotely orchestrated, far-flung, and 
heterogeneous project to constitute the colonial 
subject as Other. This project is also the asymmetrical 
obliteration of the trace of that Other in its precarious 
Subjectivity” (Spivak 76). Spivak expands this definition 
by offering examples of colonial rule in India, where 
European colonizers subverted and manipulated Indian 
structures to privilege their episteme. She offers an 
account of the codification of Hindu law into British law 
through Sanskrit: 

“One effect of establishing a version of the 
British system was the development of an uneasy 
separation between disciplinary formation in 
Sanskrit studies and the native, now alternative, 
tradition of Sanskrit ‘high culture’. Within the 
former, the cultural explanations generated by 
authoritative scholars matched the epistemic 
violence of the legal project… A version of 
history was gradually established in which 
the Brahmans were shown to have the same 
intentions as (thus providing the legitimation 
for) the codifying British” (Spivak 77). 

Through manipulation, and thus domination, of the 
ruling class in India, the British were able to codify 
colonial law in a manner that was widely accepted and 
perpetuated throughout Indian history. In doing so, the 
British committed an obvious act of epistemic violence, 
controlling and erasing prior aspects of Indian culture 
to privilege and enunciate their laws. Spivak’s definition 
of epistemic violence concerning intentional acts of 
colonial suppression situates her conceptualization 
of epistemic harms as necessarily advantageous to 
the study of epistemic violence committed against 
Indigenous Americans.
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While there exists both contemporary and historical 
accounts of epistemic harms perpetuated against 
the Indigenous peoples of North America, I wish to 
examine the forced reeducation of Indigenous children 
through colonial boarding schools. U% A">.":"% /6"%
.-5/#-<"%*9%9*$<"4%$""4,<#/.*-%*c"$5%/6"%+*5/%3*.;-#-/%
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It is clear that colonial boarding schools are a locus 
for epistemic violence, however, returning to Miranda 
Fricker’s account of epistemic injustice, through forced 
assimilation, language suppression, and cultural 
severance, boarding schools give rise to certain 
epistemic injustices. In the sense that residential schools 
stripped Indigenous children of their language and thus 
the epistemic resources necessary to communicate with 
others. It also deprived them of the necessary conceptual 
tools to make sense of their experiences, specifically 
as their native language was lost to them, thus under-
privileging and oppressing them as epistemic agents.

Forced assimilation through the suppression of 
language is an example of epistemic injustice, 
specifically testimonial, as outlined by Fricker. She 
states, “an epistemic injustice wrongs someone in 
their capacity as a subject of knowledge, and thus in a 
capacity essential to human value; and the particular 
way in which testimonial injustice does this is that 
a hearer wrongs a speaker in his capacity as a giver 
of knowledge, as an informant” (Fricker 5). I argue 
that suppression of language is a testimonial injustice 
because it highlights an important intersection between 
power and identity within cases of epistemic injustice. 
In the case of language suppression, a dominant 
group asserts power over a group that is perceived as 
less powerful in their social identity, this dichotomy 
is then exploited to suppress the minority group. The 
suppression of language is by extension the oppression 
of individuals who hold membership to that minority 
group, in this case, Indigenous children. Identity power 

and testimonial injustice are “operations of power which 
are dependent upon agents having shared conceptions 
of social identity—conceptions alive in the collective 
social imagination that govern for instance, what it is to 
be a woman or a man, or what it is to be gay or straight, 
young or old, and so on” (Fricker 14). Being a member 
of this minority group and using this minority language 
thus aids in testimonial oppression, as their testimony 
will not be taken as seriously or heard meaningfully 
because its origin is outside the dominant group.

More pointedly, language suppression represents a 
distinct case of hermeneutical injustice, “hermeneutical 
injustice occurs when a gap in collective interpretive 
resources puts someone at an unfair disadvantage when 
it comes to making sense of their social experiences. 
and that hermeneutical injustice is caused by structural 
prejudice in the economy of collective hermeneutical 
resources” (Fricker 1). Suppression of language 
constitutes a hermeneutical injustice on the grounds 
that it fully erases an individual’s ability to make sense of 
their experience within a dominant language. Because 
Indigenous children were forced to learn a language not 
entirely familiar to them, it can be rightly assumed that 
they were unable to communicate the full extent of their 
trauma and abuses because they lacked the necessary 
framework to do so. Furthermore, in suppressing 
Indigenous language and Indigenous children’s ability 
to meaningfully communicate their oppression, 
a rift was opened in the collective understanding 
and ability to comprehend the abuses sustained in 
Indigenous boarding schools. This gap in collective 
resources was caused and perpetuated by the colonial 
ideology that English should be the dominant mode 
of communication, therefore language suppression 
constitutes a form of hermeneutical injustice.
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One might argue that reconciliation and recognition 
acts can help fill gaps in collective understanding that 
would address or at least quell further epistemic harms/
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If reconciliation acts are harmful, why has this not 
been more widely recognized? In Jose Medina’s article 
“Misrecognition and Epistemic Injustice,” he investigates 
recognition theory and misrecognition of the agent as 
key components when investigating "3.5/"+.<%.-=,5/.<"?%
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A Love Without a Name: Examining the Language of 
Sexuality, Attraction, and Meaningful Connection Through an 
Aromantic and Asexual Lens
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.-%./5%5.>"-<"?%@6"%7*$4%_6*+*5"E,#>`%6#4%*->0%A""-%.-%
,5"%9*$%KT""-%0"#$5%#/%/6"%/.+"%*9%/6.5%3*"+85%3,A>.<#/.*-%
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In an essay on asexuality and its place among other 
sexual orientations, queer researcher CJ DeLuzio Chasin 
explores the birth of sexualities in the English language. 

In mid-nineteenth century Europe, an argument had 
formed around whether homosexuality should be seen 
as “chosen and therefore morally deficient” or “inborn 
and therefore neutral and worthy of protection” 
(Chasin 211, 212). Homosexuality’s decriminalization 
was impeded by the lack of terminology for same-sex 
attraction, characterizing homosexuality as a deviation 
from heterosexuality rather than a distinct concept. 
Opposite-sex attraction was culturally validated as both 
the default and the moral standard, with the privilege 
of not needing a name because it could be recognized 
by face alone. Conversely, same-sex love was a stranger 
recognized only by those already familiar with it; the lack 
of a name only served to further strip away its legitimacy. 
The terms “homosexuality” and “heterosexuality” were 
coined in 1879, naming the faces on both sides of the 
argument through the lens of sexual desire (Stack). 
With this new vocabulary, homosexuality could now be 
defined as “parallel in nature” to heterosexuality, rather 
than a chosen deviation (Chasin 212).
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The illustrious and influential Sigmund Freud 
dismissed romantic love as merely sex urge 
blocked. Pioneer sexologist Havelock Ellis 
provided his famous and entirely incorrect 
mathematical formula [for a romantic 
relationship]: sex plus friendship. (It seems to 
be neither.) … Theodore Reik asserted that sex 
and love are quite different, although the usual 
interpretation of Freudian concepts is that they 
are fused. Psychoanalyst Robert Seidenberg 
comments that the only similarity he could 
think of is that neither makes sense. (5)

In her book, Tennov explores how romantic attraction 
can manifest as a cognitive state she dubs “limerence.” 
Most are familiar with the symptoms: the butterflies, the 

jealousy, the desire to admire and be admired, the state 
of being in love whether requited or not. She writes, 
“the expression ‘thinking of you’ fails to convey either 
the quantity or quality of this unwilled mental activity. 
‘Obsessed’ comes closer but leaves out the aching” 
(Tennov xiii). When building a relationship, limerence 
prioritizes “emotional commitment” above “physical 
union,” deviating from other sex-central theories of the 
time (x). 

In her research, Tennov also stumbled upon those 
who did not experience romantic desire, who she 
called “nonlimerents.” While these participants may 
still encounter sexual attraction and/or be engaged 
in a committed partnership, they could not relate to 
Tennov’s descriptions of infatuation. These interviewees 
welcomed the label of nonlimerent, “happy to accept 
their status once they had been given words in which to 
describe it.” (117). For both Ulrichs’ men and Tennov’s 
nonlimerents, experience-specific language offer 
comfort, clarity, and community. 

Many of Ulrichs’ terms equate to sexualities in 
today’s terminology. Such is the case for conjunctive 
uranodionism, which can be equated to bisexuality. 
Disjunctive uranodionism, samesex romantic and 
opposite-sex sexual attraction, cannot be neatly 
described as bisexuality because this would require 
the separation of two “inseparable” concepts, sex 
and romance. Sexualities lack this distinction; sexual 
attraction is explicit in the title, and romantic attraction 
is seen as implicit in wanting sex. 

Posters on a 2005 thread from an Asexuality Visibility 
& Education Network (AVEN) forum discuss ways to 
describe two groups: asexual people who still experience 
romantic attraction, and people for whom the objects 
of sexual and romantic attraction are different. At the 
time, individuals who experienced neither sexual nor 
romantic attraction were referred to in the AVEN 
community as asexual-asexual (a-a) to signify the 
absence of two distinct types of attraction. @6"%*$.;.-#>%
3*5/"$% *9% /6.5% /6$"#4% /*05%7./6% /6"% .4"#% *9% #% /7*B3#$/%
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One manifestation of amatonormativity is known 
as the “audience challenge.” This term refers to two 
assumptions: that some friendships must be romantic, 
and that some strong platonic bonds must be 
steppingstones to romance. The audience challenge can 
manifest as heavy scrutiny of the relationship, onlooker 
suspicion of romantic or sexual intent, and intrusive 
commentary about the “true” nature of the friendship. 
Cross-sex (male-female) friendships experience the 
audience challenge most severely, which culminates 
in a social pressure to admit the assumed desire for a 
romantic relationship. The frequency with which cross-
sex friendships perceive the audience challenge in their 
daily lives, as well as its emotional effects, are investigated 
in a study conducted by Katie Schoonover for her 
master’s thesis at Western Illinois University, under the 
direction of Dr. Bree McEwan. They found that when a 
social network failed to acknowledge the important role 
platonic intimacy can play in one’s emotional health, the 
participants of cross-sex friendships may experience a 
higher number of unsolicited comments, opinions, and 
pressures from friends and family members. 

The driving force behind the audience challenge is an 
amatonormative “hierarchy” of relationships and their 
worth, wherein society places romantic relationships in 
a position of higher value than that of platonic and other 
non-romantic bonds. Subtle traces of this hierarchy 
can be found in commonplace ways that romance is 
discussed: “more than friends” (as though “just friends” 
were somehow lesser) and the concept *9% /6"% _9$."-4%
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Ella, another participant in Tennov’s study, states that 
she’d like “someone to feel affectionate toward, maybe 
sexy toward,” and she describes a close friendship with 
someone, Steve, who she had thought suitable for such 
a partnership. Their bond had turned sour when he 
expressed romantic feelings she did not—could not—
reciprocate, despite her assumptions that if she “ever 
married anybody, it would be Steve” (Tennov 112). In 
a proposal fueled by possessive jealousy and romantic 
grandeur, Steve asked Ella to move away with him 
because he “ ‘couldn’t’ live without” her and “knew” from 
their letters that she “felt the same” (Tennov 113). Ella 
had felt betrayed that someone “safe and comfortable” 

could expect her to abandon her life just to prove a 
romantic commitment she didn’t feel. After Steve, Ella 
“often felt it necessary to discontinue seeing” potential 
partners out of the fear that emotional intimacy would 
invite the expectation of her sacrificed autonomy to 
satisfy their romantic desires (Tennov 113, 114).

Tennov remarks what an “expert ‘player’ in the game 
of love (limerence) Ella must have seemed to Steve,” 
likening the situation to a misunderstanding perceived 
as a ruse: “The nonlimerent person who is fond of, 
affectionate toward, and attracted to you but who does 
not succumb and does not understand what you want 
therefore plays the game ingeniously and without 
artifice, because it is not a game at all” (Tennov 113). 
Ella’s platonic affection was perceived by Steve as an 
equally strong romantic desire, so she had seemed to be 
purposefully unwilling to return his interest. However, 
the “game of love” requires mutual limerence, so Ella 
is accused of withholding a romantic love she does not 
feel and therefore cannot withhold.

These nonlimerents, Vera and Ella, were unable to 
navigate interpersonal relationships because they lacked 
the vocabulary to describe their experiences and goals. 
Vera could not communicate her inability to meet her 
partner’s needs without sacrificing her own. Ella’s hope 
for a deep, nonromantic bond was left unarticulated, 
costing her a close friend. What both participants seem 
to desire is a bond centering emotional connection 
rather than romantic love while being equivalent in 
depth, rejecting the idea that a committed partnership 
requires romance. 

In 2010, blog site Dreamwidth users kaz and melouhkia 
contribute to a conversation lamenting the relatively 
nonexistent terminology for just such a relationship. 
Phrases like “sex plus friendship” or “dating without the 
romance” fail to convey the innate worth of a deeply 
committed non-romantic relationship, and such an 
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Participants in both Vares’ and Tennov’s studies express 
the desire for a queerplatonic relationship without the 
necessary terminology. Their inability to communicate 
is so profound that it alienates these people from 
themselves, not just from those that they care for. 
In Two Loves, Douglas writes of a love that dare not 
speak its name—one that deviates from the normal, the 
assumed, and the accepted. This love is characterized as 
shame in its silence, a nameless deviation; as such, it is 
denied a place in larger conversations about meaningful 
connection. Only through the ongoing invention and 
reinvention of language can love be named and valued 
in all its forms. 

Ginger Heath is a junior at Montana State University 
majoring in Paleontology. Their research into 
Queer linguistics has now spanned almost four 
years and began with Professor Arwen Spicer at 
Clark College in Vancouver, WA. Ginger is an avid 
French horn player and a member of the MSU 
Symphony Orchestra, the MSU Horn Ensemble, 
and the Bitterroot Brass Quintet. In their free time, 
they enjoy designing concert posters, reading about 
historic polar voyages, and rockhounding on the 
banks of the Yellowstone River. After graduation, 
Ginger hopes to attend taxidermy school.
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Jugular Vein Catheterization for Continuous Multi-hour Infusions 
in Mice
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In vivo metabolic labeling in animal models is difficult and poorly described in method papers. This is an 
underutilized technique when it comes to identifying important metabolic components. In this paper we 
describe a detailed up to date protocol for metabolic administration of metabolites into mice. This protocol 
is designed to make these procedures more available to the research community. This methodology can be 
utilized for delivery for other compounds such as drugs and isotopes. The primary focus of this review is to 
emphasize that jugular catheterization is a versatile and effective way of studying the effects of compounds on 
the entire body.
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Designing and Assessing the Efficacy of Protein Inhibitors of IscB 
Endonucleases

Absract this should be short and just give an overview(Computing the distance between point a and point 
b is typically considered to be very easy. However, there are
times when computing a distance can take signifcant computation time; we call these expensive distance 
metrics. Suppose we have some expensive distance metric and we need to compute the distances between 
a bunch
of points. This paper explores a method that to reduce the number of queries to the distance metric and the)
efect on clustering. Te authors fnd that total run time can be reduced while only inducing small inaccuracies
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dWf?%@6"5"%3$*/".-5%#</%.-%#55*<.#/.*-%7./6%-*-B<*4.-;%
DGC5%d-<DGC5f%F-*7-%#5%ωDGC1%76.<6%9*$+%6#.$3.-%
$";.*-5% /6#/% ;,.4"% /6"% <>"#:#;"% *9% <*+3>"+"-/#$0%
!GC?% ^-"% *9% /6"5"% 3$*/".-51% U5<Q1% .5% <#3#A>"% *9%
$"3$*;$#++#A>"1%ωDGCB;,.4"4%"-4*-,<>"#5"%#</.:./0%
dkf?% @6"% ":*>,/.*-% *9% )DU'IDB#55*<.#/"4% U5<Q5% >.F">0%

*<<,$$"4% #5% #% 5"$."5%*9% .-4"3"-4"-/% ":"-/51% .-<>,4.-;%
/6"% 3*/"-/.#>% "+"$;"-<"% *9% )DU'ID% #$$#05% 9$*+% /6"%
4,3>.<#/.*-% *9%ωDGC% 5";+"-/5?% )#5b% >.F">0% 4"5<"-45%
9$*+%*-"%5,<6%":*>,/.*-#$0%":"-/?%U-4""41%.-%#44./.*-%
/*% /6".$% 5.+.>#$./."5% .-%"-4*-,<>"#5"%#</.:./01% U5<Q%#-4%
)#5b% 4.53>#0% 5/$,</,$#>% 5.+.>#$./."5q% #% <*+3$"6"-5.:"%
3$*/".-% 5"#$<6% 6#5% .-4.<#/"4% /6"% 3$"5"-<"% *9% /7*%
4*+#.-5% /6#/% #$"% *->0% 9*,-4% .-% A*/6% U5<Q% #-4% )#5b?%
26.>"% /6"% ,5"% *9% )#5b% .5%+*$"% 3$":#>"-/% .-% A#</"$.#>%
.++,-"%4"9"-5"1%5":"$#>%A#</"$.#%6#:"%$"/#.-"4%/6"%,5"%
*9%#-<"5/$#>%U5<Q?%

&#-0% :.$,5"5% 6#:"% ":*>:"4% #-/.B)DU'ID% 3$*/".-5% /*%
.-6.A./% )#5% "-4*-,<>"#5"5?% @6"$"% #$"% 5":"$#>% F-*7-%
#-/.B)DU'ID%3$*/".-5%9*$%)#5b%#-4%/6"0%,/.>.\"%4.c"$"-/%
5/$#/";."5% /*% #<6.":"% /6"% .-6.A./.*-% dZf?% O*7":"$1% the 
family of IscB endonucleases has no known natural or 
synthetic anti-CRISPR proteins (4). This study aims 
to design artificial inhibitor proteins and assess their 
influence on the function of IscB. Thus far, one inhibitor 
protein has been successfully cloned and its interaction 
with IscB was tested.

D*$(& (-53"& $264#6%3& $2*$H$-4,& 9,4-%$2& 3%($F2(& -*8-&
-8,F%-& -*%& H,$3F%& *%#$1& ,%F$42& 4E& I(:>C& D*%& H,$3F%&
*%#$1.& 8& -$F*-#"& +4523.& :4$#%3& (-,5:-5,%& (-8H$#$L%3& H"&
$2-,874#%:5#8,& *"3,4F%2& H423$2F.& :422%:-(& -*%& -+4&
9,%347$282-&,%F$42(&4E&-*%&%23425:#%8(%Z(&94#"9%9-$3%

Absract this should be short and just give an overview(Computing the distance between point a and point 
b is typically considered to be very easy. However, there are
times when computing a distance can take signifcant computation time; we call these expensive distance 
metrics. Suppose we have some expensive distance metric and we need to compute the distances between 
a bunch
of points. This paper explores a method that to reduce the number of queries to the distance metric and the)
efect on clustering. Te authors fnd that total run time can be reduced while only inducing small inaccuracies

X%$3$&X82(:*

Many bacteria and archaea possess Clustered Regularly Interspaced Short Palindromic Repeats (CRISPR) and 
CRISPR-associated (Cas) proteins, forming a CRISPR-Cas system that defends against viral infection. These 
microbes incorporate fragments of viral DNA as spacers between short DNA repeats, then transcribe these 
regions of alternating spacers and repeat units into guide RNA (gRNA) sequences that form complexes with 
Cas proteins. Upon subsequent viral attack, the gRNA sequences bind regions of complementary viral DNA, 
and the Cas proteins act as endonucleases, cleaving the DNA to curb the infection. The CRISPR-Cas system 
has been adapted into a gene editing technology, but viruses have evolved anti-CRISPR proteins to inhibit 
Cas proteins. There are many known anti-CRISPR proteins and they utilize different strategies to achieve 
the inhibition. However, no anti-CRISPR proteins have been described for the recently discovered group of 
transposon-encoded IS200/IS605 proteins known as IscB endonucleases, which are likely ancestors of the 
RNA-guided endonuclease Cas9. Our goal was to design artificial inhibitor proteins and assess their influence 
on the function of the IscB endonuclease.
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/&>3)c+i?)F$'-)'-1)A#$4.1)-12$P)&-%FB)$B)7122%F?)'-1)k[<`
O[<) >%0D21P) &-%FB) $B)%#(B.1?) (B4) '-1) #10($B41#) %G)
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,$)(".0&
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3$*<"4,$"%7#5%3"$9*$+"4%/6*,5#-45%*9%/.+"51%#-4%/6"%
#+.-*% #<.4% 5"V,"-<"%7./6% /6"% <>*5"5/%+#/<6% A"/7""-%
/6"%DH4.c,5.*-%5<#c*>4%#-4%/6"%C>36#H*>4l% .-6.A./*$%
5/$,</,$#>% 4"5.;-% 7#5% 3$"4.</"4% /*% <*$$"53*-4% /*% /6"%
+*5/%"c"</.:"%.-6.A./*$?%

G"E/1% /6.5% #+.-*% #<.4% 5"V,"-<"1% #,;+"-/"4% 7./6% #%
6.5/.4.-"%/#;%9*$%"#50%3,$.K<#/.*-1%7#5%A#<FB/$#-5>#/"4%
.-/*% ./5% <*$$"53*-4.-;% !GC% 5"V,"-<"1% #-4% /6.5%
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,5.-;% <*++"$<.#>% 5*,$<"5?% !"5.;-"4% 50-/6"/.<% !GC%
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#-4%5,A5"V,"-/%.-6.A./*$%50-/6"5.5?

@*%/"5/%.-6.A./*$%"r<#<0%:.#%.-%:./$*%#-#>05.51%.-6.A./*$5%
7"$"%3,$.K"4%:.#%#%3$*<"55% .-:*>:.-;% /#;;.-;%7./6% 5.E%
6.5/.4.-"%$"5.4,"5?%G"E/1%.-6.A./*$%"E/$#</5%7"$"%3#55"4%
/6$*,;6% #% G.BG@C% <*>,+-% /6#/% A.-45% O.5B/#;;"4%
+*>"<,>"5]% /6"% /#;;"4% .-6.A./*$% A.-45% /6"% <*>,+-%
7./6% 6.;6% #r-./0?% CT"$% /6"% #33>.<#/.*-% *9% #% 7#56.-;%
A,c"$1%A*/6%3$*/".-5%7"$"%">,/"4%,5.-;%6.;6%.+.4#\*>"%
<*-<"-/$#/.*-5?%

D$0?;)0&
CT"$% ;"-"$#/.-;% 5.E% .-6.A./*$% 3$*/".-% 4"5.;-51% /6"%
.-/"$#</.*-%5,$9#<"%#$"#5%#-4%A.-4.-;%"-"$;."5%9*$%"#<6%
4"5.;-%7"$"%<#><,>#/"4%d@#A>"%Sf?%H*,$%*9%/6"5"%.-6.A./*$5%
7"$"%5"V,"-<"%:#$.#-/5%*9%/6"%5/$,</,$#>%4"5.;-%56*7-%
.-%H.;,$"%S?%@6"0%7"$"%3$"4.</"4%/*%.-/"$#</%7./6%U5<Q%
*:"$% #% >#$;"% 5,$9#<"% #$"#1% #-4% /6".$% A.-4.-;% "-"$;."5%
7"$"%<*-5.5/"-/%7./6%/.;6/>0%A*,-4%3$*/".-%<*+3>"E"5?%

Q(A21) 95) Q-$&) '(A21) 4$&D2(7&) '-1) D#14$>'14) $B'1#(>'$%B)
&"#G(>1) (#1(&) (B4) G#11) 1B1#.$1&) %G) A$B4$B.) G%#) '-1) &$P)
$B-$A$'%#)41&$.B&5)8(#.1)&"#G(>1)(#1(&)(B4)2%F)A$B4$B.)
1B1#.$1&)$B4$>('1)()-$.-)2$U12$-%%4)%G)1=1>'$R1)
$B-$A$'$%B5
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A brief animation showing the three-dimensional 
structure of one IscB inhibitor is available via the 
following QR code. The endonuclease is green, the 
RFdiffusion scaffold structure is red, and the AlphaFold2 
structure based on the designed amino acid sequence 
is blue. The close overlap between the red and blue 
structures indicates that the protein was predicted to be 
an effective inhibitor.

After cloning all six inhibitor protein designs into 
expression vectors via recombination and insertion into 
E. coli, bacterial colony screening was performed. An 
agarose gel was used to confirm successful cloning.

J$."#1)S5)3(>'1#$(2)>%2%B7)&>#11B$B.).125)Q-1).12)$B>2"414)
()*::)A(&1)D($#)0(#U1#)c9id)'-1)&$P)$B-$A$'%#)D#%'1$B&)cS`
,i?)1(>-)%G)F-$>-)-(4)(B)1PD1>'14)&$T1)%G)*::`*S:)A(&1)
D($#&d)(B4)()D%&$'$R1)>%B'#%2)c!i)>%B'($B$B.)()G($B')A(B4)
%G)(B)1PD1>'14)&$T1)%G)S*::)A(&1)D($#&5)8(B1&)h?)f?)(B4)g)
7$12414)D%&$'$R1)>2%B1&)%G)*9g)A(&1)D($#&5

G2%&(5::%((E5##"&:#42%3& $2*$H$-4,&9,4-%$2&+8(&287%3&
P`C&^$M^DJ&:4#572&:*,478-4F,89*"&+8(&9%,E4,7%3&
42&P`&$264#6$2F&75#-$9#%&E,8:-$42(C

J$."#1) h5) 6"#$l14) 8S) %B) VkV) (>#72(0$41) .125) Q-1) .12)
$B>2"414) () 0(#U1#) &(0D21) cCi?) #(F) 8S) 1P'#(>') cOi?)
m%F`'-#%".-) cJQi?) 12"'$%B) 9) c@9i?) (B4) 12"'$%B) S) c@Si)
G#(>'$%B&5)/B)(44$'$%B?)@2"'$%B)9)F(&)G"#'-1#)>%B>1B'#('14)
c@9ni5)Q-1)-$.-27)>%B>1B'#('14)@9)(B4)@9n)A(B4&)-(4)
0%21>"2(#)F1$.-'&)%G)(DD#%P$0('127)9:)Uk(5

Ni-NTA chromatography was also performed on IscB.

J$."#1) *5) 6"#$l14) /&>3) %B) VkV) (>#72(0$41) .125) Q-1)
.12) $B>2"414) #(F) /&>3) 1P'#(>') cOi?) m%F`'-#%".-) cJQi?)
F(&-)9) c\9i?)F(&-)S) c\Si?) (B4) 12"'$%B) c@i) G#(>'$%B&5)
Q-1) 2(A1214) /&>3) A(B4) -(4) () 0%21>"2(#) F1$.-') %G)
(DD#%P$0('127)*f)Uk(5

a5,$O%3& P`& 823& $-(& -8,F%-.& I(:>.& +%,%& 7$1%3& 823&
8##4+%3& -4& H$23& 8-& ,447& -%79%,8-5,%C& a,4-%$2&
H$23$2F& +8(& 742$-4,%3& 5($2F& 8& 28-$6%& 8:,"#87$3%&
F%#C& G2%& #82%& :42-8$2%3& P`.& 824-*%,& :42-8$2%3& I(:>.&
823& -*%& ,%78$2$2F& #82%(& 78$2-8$2%3& 8& :42(-82-& P`&
:42:%2-,8-$42&+$-*&$2:,%8($2F&I(:>&:42:%2-,8-$42(C&
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J$."#1) f5) 3$B4$B.) B('$R1) (>#72(0$41) .125) Q-1) .12)
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&"A&1a"1B')2(B15

!"1A;?0/"10&
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(5::%((E5##"& :#42%3C& J(& (*4+2& $2& ]$F5,%& b.& -*%& P`&
(879#%& +8(& 83%;58-%#"& 95,$O%3& $2& :42K52:-$42& +$-*&
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Diving into the Depths of Paleontology

Paleontology, the study of ancient life, has always 
drawn me in—the pull of the past and the need to 
understand the Earth beneath my feet are irresistible. 
Imagining the life back in the ancient bones, the stories 
those fossils could tell is truly awe-inspiring. Prior to 
coming to Montana, I volunteered at the Morrison 
Natural History Museum in Colorado with Curator 
Matthew Mossbrucker, who took me under his wing 
and introduced me to the wonders of the ancient world.  

My dream of studying ancient life and exploring how 
the Earth has changed over time is one of the main 
reasons I applied to Montana State University (MSU). 
Montana is known for its incredible fossil record and 
MSU is one of the best places in the world to study 
paleontology. I knew that Museum of the Rockies 
(MOR) was also part of MSU, and I was excited to see 
this museum that houses one of the largest collections 
of dinosaurs on the planet. I hoped I could become part 
of the exciting research going on there. When I arrived 
in Bozeman, I almost immediately began reaching out 
to the paleontologists at the museum, hoping that my 
initiative would help me find my way to a research 
project working with some of the incredible fossils that 
have been discovered in Montana. 

I contacted everyone I could to inquire about possible 
volunteer opportunities at the museum. I eventually 
was able to start volunteering in the MOR Fossil 
Preparation Lab, where I worked to piece together 
dinosaur fossils so they would be ready for research and 
education. I hoped this would be the first step toward 
meeting and collaborating with the scientists I had read 
about before coming to Montana—people who were 
working at a museum I had dreamed about being a part 

of. One day while I was preparing dinosaur fossils in the 
preparation lab, I was able to meet the museum’s Curator 
of Paleontology, John Scannella. I simply walked up to 
him and introduced myself.  We shook hands, and a 
tattoo of a very controversial tyrannosaur specimen on 
my forearm caught his attention. “Is that the Cleveland 
skull?” he asked.  

My tattoo of the tyrannosaur skull in the collections 
of the Cleveland Museum of Natural History—which, 
depending on who you talk to, is either a juvenile 
Tyrannosaurus rex or its own species, Nanotyrannus 
lancensis—has special meaning to me. Matt, the 
Morrison curator, has a T. rex skull tattoo on his left 
forearm. In a sort of homage to my mentor, I got the 
controversial Cleveland skull tattooed on my right. No 
matter what it is, it’s a tribute to someone who took a 
chance on me and my dream of being a paleontologist.  

At that moment, when John asked such a simple question, 
my heart dropped. In the past, research conducted at the 
museum had favored the hypothesis that the Cleveland 
skull was a juvenile T. rex. Matt and I, however, thought 
it might be a separate species. I thought “He’s never 
going to let me work here.” But I responded that my 
tattoo was indeed the Cleveland skull. Instead of telling 
me to leave the lab, John set a time to meet and discuss 
what exactly I wanted to research.

Coming into the Museum of the Rockies after having 
volunteered at another museum, one that often disagreed 
with some of the studies done by MOR, was odd. I 
worried about navigating the various disagreements 
and about how exactly to approach being a
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The thing about research is that life doesn’t stop 
happening around it. As much as I wish I could put my 
life on pause, I can’t. A few months into my hadrosaur 
research, I was diagnosed with fibromyalgia, an 
understudied medical condition little is known about. 
On top of that, I have issues with my joints and my 
back, along with chronic fatigue and brain fog. Still, I 
kept researching, reading papers in my free time, and 
reviewing my photos and drawings. I wanted to piece 
together this mystery. I felt connected, connected to 
the past. It often makes me wonder about all the things 
that had to go right or wrong, for me to be sitting there, 
holding a specimen that is close to 81 million years old. 
I think of all the moments that led me here and it leaves 
me speechless.

I presented some of my initial findings at the MSU Earth 
Sciences Student Colloquium and received positive and 
helpful feedback from my peers. Working with John and 
MOR’s former Curator of Paleontology, Jack Horner, I 
submitted an abstract on my hadrosaur research for the 
2024 meeting of the Society of Vertebrate Paleontology 
(SVP) in Minneapolis. I felt honored when I was fully 
funded by Vocational Rehabilitation, a Federal Program 
dedicated to helping disabled individuals, to attend the 
SVP conference and present my research. My work, my 
effort, and my dedication had come to fruition. I was 
attending a conference I had spent years dreaming of, 
and I would get to share MOR 1121’s story. 

I felt so seen when I arrived at SVP and saw so many 
different people. I saw other queer paleontologists, I saw 
other disabled paleontologists, and I met paleontologists 
I had dreamed of one day meeting. The most amazing 
part was that I felt like this was the start of something 
new. I felt my confidence in myself was restored. People 
agreed my work was good; and there were no arguments 
against my results. I felt reassured. This pathway was for 
me.  

At times, I still feel ashamed when I use my crutches 

and have to rely on others for help. I feel I must prove 
myself—that I can do all the things that my able-bodied 
peers can. However, there are times my body simply will 
not cooperate.  At SVP, I had another paleontologist 
tell me, “I thought about bringing my cane, but I was 
worried about what people would think.” She thanked 
me for giving her confidence to use her cane more 
often. Since I use mobility aids in different ways every 
day, I felt proud I could inspire someone else who needs 
theirs to feel less ashamed. No one can ever be certain 
they will not end up with a disability. It can be hard to 
overcome the societal perceptions of what it means to 
have a disability.

Part of why I am so open about these parts of my life 
is because I believe in being the representation that I 
needed as a kid and the representation that I need now. 
Representation in the sciences is important, because 
without it, many may feel discouraged to even try as 
I have. Being transgender in a STEM field is difficult, 
especially when women are just beginning to break 
the barriers of science. I knew that to get opportunities 
in my dream field, I needed to be proactive. I knew I 
needed to work hard to break barriers and to clear the 
pathway to something that had for so many years felt 
out of reach. I had spent years wondering if I could even 
“make it” in the field. 

The conference opened my eyes, it reminded me I do 
have a place in research and in paleontology. I gained 
new insight into worlds I didn’t even know were possible. 
I saw a potential future; one I had been so unsure of. I 
have often wondered how my disability will affect my 
career as a paleontologist. It is something I worry about 
—I often think about how my body deteriorating at 
such a young age, on top of being transgender, might 
limit my options. This is something that drives me to 
work harder and to be noticed, because I love this field. 
I love paleontology. I find ways to participate that don’t 
leave my body screaming, and I find ways I can manage 
my pain. Research lets me do that while also opening 
doors to future opportunities for me.   

 I may still be wading through uncertainties, unsure of 
what my next steps are and how to proceed, but that is 
part of what research is. It is trial and error. It is going 
down rabbit holes to answer interesting questions, even 
if they are not directly related to the project at hand, 
because they may lead to new questions and new  



!"#$%&$'(&)W[

ways of seeing the world. I wonder where my research 
will take me. What I can do as a disabled, trans 
paleontologist is encourage others to pursue science. 
This changing world scares me, but it does not dissuade 
me from my passion. It doesn’t ever make me feel like 
I should quit paleontology. If anything, it makes me 
more determined to be open about this part of me, 
especially within my scientific community. Without 
people in science being their honest selves, there cannot 
be progress. To conform to what is expected is not 
the way to true scientific innovation. It does not lead 
to breakthroughs. Science will persist. The world is 
changing, which means adaptation and  perseverance, 
but it also means finding joy. I have found joy in being 
transgender, which is a long process , to unlearn hate 
and fear. I have found joy in my research, my family, 
my friends, and my ferrets. For me, research  has been 
a chance to change the world and to change people’s 
perceptions of what it means to be transgender.

To me, research is curiosity in its rawest form. There is 
nothing like discovery. Throughout all the life events, 
my disability, my identity, these questions still need 
answering. These questions pull me into a different 
world. I think of the hadrosaurs, what stories they still 
might be able to share with me. I think of what those 
bones might whisper to me—those echoes of a world 
that existed 81 million years ago—and I am excited for 
what I may discover in the future.

Rory Rossi is a second-year student at Montana 
State University majoring in Earth Sciences with a 
concentration in Paleontology, and a minor in 
Museum Studies. Rory has worked with Dr. John 
Scannella at Museum of the Rockies since the Fall of 
2023. Rory moved to Bozeman to pursue a lifelong 
dream of being a paleontologist. In his free time 
Rory loves to knit, spend time with their 
ferrets and their husband, as well as paint and swim. 
They hope to continue their studies in 
graduate school and continue to advocate for 
disabled and transgender students.

About the Author
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SASHA MAGUIRE

Hey, I’m Sasha!

I’m a Graphic Design student at Montana State University, originally from Maine. I am passionate 
about creating design that communicates clearly and evokes emotion. This semester, I 
launched Women Who Design, a project aimed at amplifying voices and celebrating design. 
Through interviews, visual storytelling, and curated work samples, I’m showcasing the stories, 
challenges, and successes of women designers in Bozeman.

Women Who Design is more than just a collection of stories; it’s about fostering recognition, 
promoting inclusivity, and encouraging future generations of women designers. Why should 
you care? Because the impact of women in design is often overlooked, and these stories 
deserve to be heard. My research is shedding light on their contributions, challenging the 
status quo, and advocating for equity in the design world.
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Women Who Design is a research project 
dedicated to amplifying the stories, 
challenges, and achievements of women 
designers in Bozeman. Through interviews, 
visual storytelling, and curated work 
samples, this project highlights their 
creative processes and showcases the 
unique contributions of local designers, 
shedding light on their impact within both 
the industry and the broader community.

By documenting and sharing these stories, 
Women Who Design seeks to foster greater 
recognition and appreciation for women 
in the design field while creating a lasting 
resource for aspiring designers. This 
project celebrates the individuals featured 
and contributes to a broader conversation 
about equity, representation, and inclusivity 
in design.

AMPLIFYING VOICES. CELEBRATING DESIGN.

THE GOAL
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EXCERPT FROM INTERVIEW WITH 
STACY TOWNSEND
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Space Drifters

“Space Drifters” is a poem that describes two beings wandering the galaxy together, possibly after a catastrophic 
event destroyed their planet. Space is lonely, but these entities hold on to each other, spiraling together like the 
double helix of DNA. Rather than succumbing to the darkness, the beings find beauty in their drifting. The 
imagery attempts to capture the glory of the universe—stars, planets, swirling masses of color. Ultimately, the 
universe is not uncaring. It guides the couple, illuminating the path to new beginnings. Together, the space 
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Zoe Johnson is a senior pursuing dual degrees in 
Writing and Cell Biology and Neuroscience, with a 
French minor. She has been a Writing Center tutor 
since 2022. Zoe was born and raised in Bozeman, 
and enjoys reading, drawing, and watching black 
and white movies. After graduating in May 2025, she 
plans to focus on writing stories and poetry.

About the Author
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A Spatial Analysis of the Association Between Abandoned 
Hard-Rock Mining Locations, Granite Bedrock Stratigraphy, and 
Contaminated Streams
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The first map in the layout includes the slope-line 
elevation layer, the hydrologic topology raster layer 
and the contaminated streams within the watershed 
boundary. The defined area for the watershed boundary 
includes 3 HUC8 sub-watersheds in Montana

from the USGS database: The Upper Missouri, the 
Boulder, and the Jefferson sub-watersheds. The 
hydrologic topology raster layer and the slope-line 
layer both came from the MBMG database, and the 
contaminated streams layer is from the DEQ.

The second map includes the merged collection of 
watersheds, the abandoned hard rock mining layer 
(DEQ), the slope-line elevation, the contaminated 
streams, high lead contaminated streams, and introduces 
the granite bedrock layer (MBMG) in pink. This
map provides a look at the geographic association 
between the mines that are in relation to the 
contaminated streams, mines to streams where lead is 
the top contaminant, and the mines and contaminated 
streams as they relate spatially to granite bedrock 
stratigraphy. From this part of the spatial analysis, we 
can begin to identify a spatial relationship between 
mining, granite bedrock, and the contaminated streams 
within these high-volume mining areas. This watershed 
selection has 5 leading metal contaminants including 
lead, copper, aluminum, iron and arsenic. I included a 
bar chart that shows how many contaminated streams 
have these metals as a leading contaminant that is over 
each
metal’s EPA standard. The contaminated streams layer 

0%(#%"&S45($2

@6.5%.-:"5/.;#/.*-%"E#+.-"5%53#/.#>%<*$$">#/.*-5%A"/7""-%6#$4B$*<F%+.-.-;1%;$#-./.<%A"4$*<F%5/$#/.;$#3601%#-4%
5/$"#+%<*-/#+.-#/.*-%#<$*55%/6$""%O()e%5,AB7#/"$56"45%.-%<"-/$#>%&*-/#-#?%(5.-;%nU'%+"/6*4*>*;."5%#-4%
4#/#5"/5%9$*+%&Q&n1%!Nw1%#-4%('n'1%U%#-#>0\"4%/6"%;"*53#/.#>%$">#/.*-56.35%A"/7""-%#A#-4*-"4%+.-.-;%
5./"5% #-4% <*-/#+.-#/"4%7#/"$7#051% 9*<,5.-;%*-% >"#4% <*-/#+.-#/.*-?%@6"% #-#>05.5% .-<*$3*$#/"4%604$*>*;.<%
+#33.-;1%">":#/.*-%#-#>05.51%#-4%5/$#/";.<%*:"$>#05%*9%;"*>*;.<#>%9*$+#/.*-5%7./6%+.-.-;%5./"5?%D"5,>/5%$":"#>"4%
/6#/%*9%S1lZe%#A#-4*-"4%+.-"51%jm?[y%#$"%5./,#/"4%7./6.-%;$#-./.<%9*$+#/.*-5?%@6"%5/,40%.4"-/.K"4%5/$"#+5%
7./6%>"#4%<*-<"-/$#/.*-5%"E<""4.-;%/6"%NIC85%SZ%μ;oL%/6$"56*>41%7./6%ZSl%+.-.-;%5./"5%>*<#/"4%7./6.-%m?j%+.>"5%
*9%<*-/#+.-#/"4%5/$"#+5t#%5.;-.K<#-/%4.5/#-<"%9*$%3*/"-/.#>%<*-/#+.-#/.*-%/6$*,;6%$,-*c%#-4%#<.4B+.-"%
4$#.-#;"?%H.:"%3$"4*+.-#-/%+"/#>%<*-/#+.-#-/5%7"$"%.4"-/.K"4q%>"#41%<*33"$1%#>,+.-,+1%.$*-1%#-4%#$5"-.<?%
26.>"%53#/.#>%#-#>05.5%#>*-"%<#--*/%"5/#A>.56%<#,5#/.*-1%K-4.-;5%4"+*-5/$#/"%#-%.-/$.;,.-;%#55*<.#/.*-%A"/7""-%
+.-.-;% .-%;$#-./.<% /"$$#.-5%#-4% >"#4%<*-/#+.-#/.*-% .-%-"#$A0%X,:.#>% 505/"+5?%@6.5% $"5"#$<6%<*-/$.A,/"5% /*%
,-4"$5/#-4.-;%+.-.-;%.+3#</5%*-%7#/"$56"45%#-4%3$*:.4"5%.-5.;6/5%9*$%$"+"4.#/.*-%5/$#/";."5?%H,/,$"%$"5"#$<6%
<*,>4%"E3>*$"%53"<.K<%+"<6#-.5+5%A"/7""-%+.-.-;%#</.:./."5%#-4%3#/67#05%*9%<*-/#+.-#/.*-?



!"#$%&$'(&)*4

The third and conclusive map in this layout shows the 
bedrock stratigraphy layer within and surrounding the 
watershed area, the number of abandoned hard-rock 
mines in relation to granite bedrock, the slope-line 
layer, and the streams that have lead (Pb) as their highest 
contaminant. I chose to not include the other bedrock 
layers in my analysis because they do not show a spatial 
relationship to abandoned hard-rock mining and there 
is a noticeable spatial association to granite bedrock, 
hard-rock mining, and high lead contamination. I also 
included a context map which shows the study area, 
i.e., watershed. My vector analysis was performed by
calculating the number of mines within granite. I also
calculated the distance of mines to streams. Hard-rock
mining can produce many types of metal contamination
in streams due to unwanted metals that are discarded
and often lead to runoff and similar phenomenon of
seepage through the ground into groundwater systems.

I included one bar graph, a histogram, and a pie chart. 
The bar graph shows the number of streams that show 
contamination levels above the EPA standard for each
analyte. The histogram shows how many mines are 
within 0.6 miles of a contaminated stream (0.6 miles 
is a distance set to show plausibility between mining 
operations, mining runoff, acid-mine drainage, and 
contamination in streams). The total number of mines
within 0.6 miles of a contaminated stream is 512. The pie 
chart shows the percent of contaminated streams that 
contain one or more of the 5 metal analytes above and 
below the calculated EPA standard of 1.0 µg/L. 60.0% are 
above 1.0 µg/L and 40.0% are below 1.0 µg/L. Aluminum 
and iron do not have primary health benchmarks and 
are classified as nuisance contaminants that effect taste 
as well as watercolor, but are subject to the secondary 
maximum contaminant levels (SMCL’s) which are; 
aluminum at 50-200 µg/L and 300 µg/L for iron. The 
contaminated streams layer includes the EPA standard 
of 1.0 µg/L, which is calculated for each contaminant by 
using the health standard for each analyte and its hazard 
quotient. The health standards for each analyte vary, 
which represents whether a stream that is contaminated 
is fit for lifetime consumption of drinking water. The 
health benchmarks for lead (Pb) and arsenic (As) are 
0.1µg/L. For copper is it 1300 µg/L. The DEQ for data 
stream contamination was calculated using the health 
standards and public drinking water standards for each 
analyte. This is calculated
by dividing the health benchmark of a contaminant by 
the hazard quotient of 0.5 µg/L. If the concentration 

of a contaminant exceeds the standard, it is unsafe 
for lifetime consumption, and that ratio will be > 1.0 
µg/L. “Note that one could alternatively apply the EPA 
public drinking water supply treatment standard for 
the Maximum Contaminant Level Goal (MCLG) for 
lead (15 μg/L), the MCLG for arsenic (10 μg/L) and 
the Maximum Contaminant Level (MCL) for copper 
(1300 µg/L).” However, this study was calculated using 
the health standards and not the public drinking water 
standards. These health standards can be found within 
the DEQ or USGS database. The Federal Clean Water 
Act and the Safe Drinking Water Act oversee these 
standards where each U.S state, such as Montana, must 
follow these regulations. The high lead contaminated 
stream layer shows the streams that use the ratio for 
the health benchmark hazard quotient that indicates 
whether a contaminant is above the EPA standard. The 
contaminated streams layer in the first two maps show 
the health benchmark/hazard quotient for contaminants 
in streams above and below the EPA standard which is 
illustrated in the bar chart. These data for contaminated 
streams were collected from the MTDEQ database.

Wesley Cousin is a senior Microbiology major with a 
concentration in Environmental Health with a minor 
in Global Health. Since transferring to MSU in 2021, 
he has done well in research concerning water quality 
and human health. In 2024 he was accepted to present 
his water quality research in Long Beach at the National 
Conference of Undergraduate Research. Wesley has 
focused on research at MSU and hopes to persue 
further education after graduation, with plans to attend 
law school and become an Environmental Lawyer.

About the Author
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Analysis of statistics: Out of 1,258 total abandoned mines in this collection of
watersheds in west-central Montana, there are 763 that are located within the granite
bedrock layer. Out of 266 contaminated streams within this watershed there are 68 lead
contaminated streams (16 rivers). I converted the distance from mines to contaminated
streams by setting the meters to miles (1609.34 M = 1 mile). In the histogram above
you can see the number of mines within 0.6 miles of a contaminated stream. There are
746 mines outside of the 0.6 mile radius. Within this distance mines are more likely to
be associated with contamination of streams due to acid-mine drainage and runoff. This
analysis attempts to show the spatial distribution of contaminated rivers to abandoned
mines and granite bedrock. The abandoned mining layer does not include what type of
ore they are mining for. All the mines are listed as hard-rock. With the granite layer we
can begin to assume that the majority of the mines within the granite layer are mining
for granite. This analysis can be useful when there is a need for a spatial relationships
between mining and stream contamination to be seen. There is a lot more analysis that
can be done using this data, but this investigation is based on spatial correlations.
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746 mines are beyond 0.6 miles of a contaminated stream. 512 mines are within 0.6 miles of a contaminated stream.
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Sleep Neruobiology and Mental Health: A Brief Review
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8:,4((& -*%& H,8$2& :8##%3& H,8$2& +86%(& 8,%& :#8(($O%3& H"&
E,%;5%2:"&823&3%24-%3&H"&-*%&W,%%?&#%--%,(&8.&H.&;.&3.&
823& FC& 0*%2& 7%8(5,$2F& H,8$2& +86%(.& %#%:-,43%(& 8,%&
9#8:%3&42&(9%:$O:&#4:8-$42(&4E&-*%&(:8#9&-4&,%:4,3&-*%&
%#%:-,$:8#&$795#(%(&4::5,,$2F&$2&-*%&H,8$2C&
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g#%:-,4%2:%9*8#4F,89*"& =ggWB.& E8:$8#&
%#%:-,47"4F,89*"& =Eg'WB.& 823& %#%:-,44:5#4F,89*"&
=gGWB&8,%&7%-*43(&4E&4H(%,68-$42&-*8-&8,%&:47742#"&
5(%3& $2& (#%%9& (-53$%(& -4& -,8:?& (#%%9& 2%5,4H$4#4F"C&
'%8(5,%7%2-(& 4E& %#%:-,$:8#& $795#(%(& $2& -*%& H,8$2&
8,%& ,%:4,3%3& 823& -*%2& :#8(($O%3& $2-4& 3$V%,%2-& (#%%9&
(-8F%(C&)#%%9&$(&:4794(%3&4E& -+4&9,$78,"&-"9%(h&^42&
T89$3&g"%&'46%7%2-&=^Tg'B&(#%%9.&823&T89$3&g"%&
'46%7%2-&=Tg'B&(#%%9C&^Tg'&$(&E5,-*%,&H,4?%2&$2-4&
-*,%%&(-8F%(.&^Tg'&(-8F%&@&=^@B.&^Tg'&(-8F%&`&=^`B.&
823&^Tg'&(-8F%&b&=^bBC&0%&:":#%&-*,45F*&-*%(%&(-8F%(&
%8:*& 2$F*-.& +$-*& -*%& 78K4,$-"& 4E& ^b& (#%%9& 9,$78,$#"&
4::5,,$2F&35,$2F&-*%&O,(-&*8#E&4E&-*%&2$F*-.&823&Tg'&
9,$78,$#"&347$28-$2F&-*%&(%:423&*8#E&4E&-*%&2$F*-C

During the transition between wakefulness and sleep, 
b-waves resting at a frequency between 16- 32 Hz begin
to slow and become a-waves (8-13 Hz). This decrease
in neuroelectric frequency is associated with the
experience of relaxation and sleepiness prior to entering
N1. Once the body enters N1, another drop in frequency
is observed between 4-8 Hz. N2 sleep is comprised
of theta waves, and includes unique defining wave
architectures - sleep spindles and K-complexes. Sleep
spindles are short bursts of electrical activity between
12-14 Hz, and have been theorized to contribute to
neural plasticity and learning, while K-complexes are
high-amplitude slow waves that may suppress cortical
arousal and may contribute to memory consolidation.
From there, electrical frequency decreases again to what
is classified as N3, which is also known as slow wave
sleep (<1 Hz oscillations) and d-waves (1-4 Hz), which
is the deepest and most physiologically restorative sleep
stage.

g778&X4+8,3

This review examines the neurobiology of rapid eye movement sleep and non-rapid eye movement sleep as 
it relates to mental health. The review aims to highlight the importance of sleep health in treating mental 
illness and discusses how sleep stages broadly impact mood, emotion, and memory. Materials were gathered 
throughout the sourcing of various research in the MSU Sleep and Development Lab. Results indicate a great 
level of complexity between the frequency and duration of brainwaves in the sleep-wake cycle. The neurobiology 
also suggests the need for a larger emphasis on sleep as a potential avenue for understanding and treating a 
variety of mental health conditions.
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>?33-%+
In addition to the potential decrease of emotional 
regulation as a result of inhibited or impaired REM sleep, 
disturbances to NREM sleep, the frequency of micro-
arousals, and successful regulation of neuromodulators 
all play a much larger role in sleep health than 
previously understood. Thus, complexity of the sleep-
wake relationship and its impact on symptomatic 
consequences in mental health diagnosis require much 
greater emphasis and attention. 
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