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* Jade is a senior at the University of Oregon double-majoring in Art and Art Management. Her art is a 
lifetime of experimentation and attempts to bring the imaged to life. She is inspired by moments in time, 
by science fiction, and loves the juxtaposition between fun and tragic, humor and sadness. She came 
from a background of painting and drawing, and is fascinated by the process of masters like Dalí, Van 
Gogh, Pollack and Kandinsky. She loves the physicality of screen printing, finding new ways to think about 
print, and expressing her ideas through a screen or translating her drafting and painting techniques into 
screen print. She has only recently started to dive into digital art in printmaking, including drawings for 
polymer plate making, re-imaging popular characters, and playing with experimentation through the 
connection of images. Jade loves teaching and sharing art and hopes to someday teach art in her own 
studio and work in art administration. 

 

 

Cover Art—“OUR Journal” 

Jade Lazaris, Art and Art Management* 

This work is a digital rendering of words. Each letter has an assigned color which creates 
the art. I make these mostly from poems and song lyrics, but I created this one especially 
for OUR Journal. The translation is: 

“OUR Journal 
Oregon Undergraduate Research 
Spring Twenty Seventeen 
 
The Oregon Undergraduate Research Journal (OUR Journal) is 
an open access undergraduate research journal at the 
University of Oregon. It showcases some of the best 
research and publications by UO undergraduate students 
across all disciplines.  We are excited to share our 
latest issue with you!” 
 

This piece is part of artistic research I have conducted in my art studio about how images 
can produce memories: how our brain recalls song lyrics or past experiences from visual 
ques. The colors seem ordinary at first but once your brain picks up the code it can read 
words as color images just as naturally as letters.
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* Sandra is a senior in the Clark Honors College graduating with a degree in Marine Biology and a minor 
in Political Science this spring. She has worked on the OURJ editorial board since spring 2014, and has 
served as Editor-in-Chief since November 2016. Please direct correspondence regarding this issue of OURJ 
to ourj@uoregon.edu. 

 

 

 

Letter from the Editor 

Sandra Dorning, Marine Biology* 

 

Dear readers, 

Just like that, another school year has come to an end. For the editors of OURJ, this is 
bittersweet. This Spring 2017 publication marks the first issue for most of our new editorial board, 
who have worked incredibly hard to learn the ropes and present the best assortment of 
undergraduate research possible. Our new editors hail from a variety of majors, from Journalism 
to Philosophy to Planning, Public Policy, and Management. Not only is this a wonderful 
assortment of hard-working and intelligent students, but their diverse academic backgrounds 
epitomize the interdisciplinary nature of OURJ. However, this issue marks the last OURJ 
publication for our three graduating seniors: Ainsley Taylor, Jocelyn Taylor, and myself. We have 
served on OURJ for most of our college careers, part of a prosperous journey that began for the 
three of us on the Undergraduate Research floor of the Global Scholars Hall dormitory in 2013. It 
is exciting to know that we will carry our OURJ editorial experience with us throughout our future 
endeavors.  

My ride as OURJ Editor-in-Chief has been a short one since I took over this fall, but it has 
been a wonderful one too. This year OURJ hosted our first-ever panel at the UO Undergraduate 
Research Symposium, which featured oral presentations by OURJ authors Paulla Santos 
(published in our Fall 2015 issue) and Seth Temple (published in this issue). We look forward to 
furthering this collaboration in future years as OURJ and the Symposium continue to grow and 
celebrate undergraduate research. I would personally like to thank OURJ faculty advisors Barbara 
Jenkins and Kevin Hatfield for their unwavering support throughout the year; stepping in as 
Editor-in-Chief was a steep learning curve, but was made possible through their guidance.  It is 
with great excitement that I announce my succession as Editor-in-Chief by editor Allison Zhou, 
who I have no doubt will work to make OURJ the best that it can be.  

This issue, as ever, presents undergraduate research work from a wide array of disciplines, 
spanning from literary analysis of contemporary science fiction to economic analyses of 
immigration. We are pleased to feature the work of two 2017 Library Research Award winners, 
Michael McIntosh and Tate James.  I encourage readers to peruse the work of our great authors 
and reflect on the themes they cover: climate change, immigration, cloning, and the 
representation of women in media. We are also proud to feature a guest editorial from Professor 
Paul Peppis, Director of the Oregon Humanities Center, who discusses the great research work 
conducted at the University of Oregon.  

It has been a pleasure serving OURJ readers and the greater UO academic community this 
year. Please enjoy our 11th issue of the Oregon Undergraduate Research Journal! 
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* The OHC collaborates with the Undergraduate Research Opportunity Program (UROP), the Vice 
President for Research and Innovation (VPRI), and the Division of Undergraduate Studies to sponsor the 
Humanities Undergraduate Research Fellowship (HURF) program. Learn more about HURF at 
https://urop.uoregon.edu/hurf/; learn more about the many other research programs and resources for 
undergraduates offered at UO through UROP at: https://urop.uoregon.edu/.   

 

Guest Editorial—“The Long Road to Knowledge” 

Paul Peppis, Ph.D., Professor of English and Director of the Oregon Humanities 
Center* 

 

As the director of the Oregon Humanities Center (OHC), I am truly fortunate to have a regular front 

row seat on the University of Oregon’s leading-edge humanities research.  UO’s only research institute 

devoted exclusively to the humanities, OHC sponsors competitive research fellowship programs that 

support the most exciting new humanities research produced by faculty, graduate students, and 

undergraduates.  And because our fellows are required to present their work publicly, I get to spend at least 

an hour each week learning about the fascinating discoveries our humanities scholars are making and the 

ground breaking new knowledge they are creating. Whether listening to professor of music Drew Nobile 

analyzing “form as harmony” in rock music, history graduate student Hillary Maxson examining women’s 

consumerism and the Japanese Kitchen in the mid twentieth century, or undergraduate philosophy major 

Sarah Carey investigating depictions of the Algerian War in contemporary French cinema, I am 

continuously awed by the variety, interest, and innovation of UO humanities research.    

These experiences have taught me a number of essential lessons about the research being conducted 

every day at UO, in every school, department, laboratory, studio, and library carrel.  I’ve gotten a glimpse 

at the vast range, diversity, and value of the research topics and projects our students and faculty are 

pursuing.  I’ve been convinced that there is a unique, exciting, and worthwhile research problem waiting 

to be identified and explored by every member of our community, no matter one’s interests or inclinations.  

I’ve learned UO offers a wealth of professors, mentors, and peers ready and willing to help you discover 

and conduct your research wherever it takes you.  I’ve realized that even the most specialized, seemingly 

obscure research questions yield significant results, results often unclear until the research is well 

advanced.  One of the most fascinating—and important—aspects of research, indeed, is that it is done best 

when pursued for its own sake, the problems studied on their own terms, the larger benefits often unclear 

but always waiting to be discovered.  But what has struck and excited me most as I’ve listened to dozens of 

UO researchers report on their experiences and findings is how inspiring and inspired their research has 

made them.  There is a contagious energy and excitement animating these researchers, whether 

undergraduates, graduate students, or faculty:  the energy and excitement of discovery, creativity, and 

accomplishment.    

In the following pages of OURJ, you can experience first-hand that energy and excitement as these 

talented undergraduate researchers share their work.  I think you will agree with me that their results are 

inspired and inspiring.  I hope their research motivates you to pursue your own research questions and 

projects, whatever your interests and talents.  There’s important work to be done! 

https://urop.uoregon.edu/hurf/
https://urop.uoregon.edu/
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* Martin Allums is an Art major at the University of Oregon. Please direct correspondence to 
mallums@uoregon.edu. 

Art Feature—“Lane Poppy” 

Martin Allums* 

“Lane Poppy” is a retrospective on botanical illustration, which was an important aspect 
of exploration and research during the 18th century. Back then, scientists and illustrators 
were only able to create black and white illustrations, so botanical illustration was 
restricted to laboratory manuals and field guides for the elite. Advancements to print 
media allowed for an explosion in popularity and creativity in the illustration field. 
Illustrators were able to create full color illustrations that ended up in peoples’ homes 
as well as field guides. My piece is the culmination of work started by the illustrators in 
the 18th century.  Much like the student research in OUR Journal, my piece represents 
the new wave of scientists and illustrators, built from the foundation laid by our 
forefathers in the field.  I am very interested in medical and scientific illustration, so 
much of my work is explanatory.  “Lane Poppy” uses composition of the flower stems to 
move the viewer throughout the image, which is unique from botanical illustration in the 
past. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Oregon Undergraduate Research Journal 
11.1 (2017)      ISSN: 2160-617X (online) 
blogs.uoregon.edu/ourj 
 

 

Volume 11 Issue 1 Spring 2017  v 

 

Meet the Editorial Board 

 

PATRICK DUNHAM 

Patrick Dunham is a junior pursuing a major in Comparative Literature and a minor in 

Multimedia. He joined OURJ in Winter 2017, and other publications he is involved with on 

campus are Ethos Magazine, Unbound Journal, and Oregon Voice. His academic interests 

include computer-generated poetry, the digital fragmentation of identity, and cinema studies.  

ERIK GLEIM 

Erik Gleim is an undergraduate student of English and Philosophy. He has presented research on 

Nietzsche and plans to move on to study Heidegger and ancient Greek philosophy in graduate 

school. Additionally, he finds philosophical literature, especially Kafka, Dostoevsky, and 

Nietzsche's poetic and literary works to be fruitful bridges between the worlds of art and 

philosophy. He finds editing for OURJ to be a wonderful opportunity for him to read, investigate, 

and learn about a number of research topics that he has not been exposed to in the past, and serve 

to exemplify the excellence of important undergraduate research conducted at the U of O.  

GRIETA KING 

Grieta King is a junior majoring in Advertising and minoring in African Studies. This summer, 

she will be studying abroad, learning Swahili in Zanzibar, Tanzania. She enjoys painting, reading, 

taking care of her plants, eating delicious food, swimming, biking, hiking, skiing, and spending 

her free time outside. After college, Grieta plans to work in the mountains and do extensive hiking 

before pursuing a career working for a magazine publication.  

JOSHUA PEARMAN 

Joshua is a freshman Psychology major in the Clark Honors College. He is a research assistant in 

the Social Affective Neuroscience Lab, and is working on developing research and data analysis 

skills to get into graduate school for Industrial-Organizational Psychology. Outside of academics, 

Joshua enjoys reading sci-fi novels and watching films with his friends. 

AMBER SHACKLEFORD, GRAPHIC DESIGNER 

Amber Shackelford is a sophomore majoring in Planning, Public Policy, and Management with 

minors in Environmental Studies and Political Science. She plans on pursuing a graduate degree 

in urban planning and dreams of being a city planner in Portland, her hometown. In her spare 

time, Amber enjoys hiking, aerial arts, and planning vacations to faraway places. 
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AINSLEY TAYLOR 

Ainsley is a biochemistry and biology double major, and a student of the Clark Honors College. 

Caffeine ensures she exists among the living, while her goal of entering medical school guarantees 

her relationship with the undead. OURJ has helped Ainsley refine her management and 

organization skills. 

JOCELYN TAYLOR 

Jocelyn Taylor is a senior majoring in Biology with a pre-medical focus and minoring in 

Chemistry. She is part of the Clark Honors College which means she just completed her thesis 

titled "The Effect of Muscle Fatigue on Single- and Dual-Task Walking and Obstacle-Crossing in 

Young Adults" in association with the Motion Analysis Laboratory. Jocelyn is a board member of 

the Student Health Advisory Committee and shadows various physical therapists around Eugene 

in preparation of entering a doctorate of physical therapy program. In her free time, Jocelyn 

enjoys exploring the food scene in Eugene and trying to make her roommates laugh. 

ALLISON ZHOU 

Allison is a junior in the Clark Honors College studying Biology with a neuroscience emphasis. 

She has been on the OURJ editorial board since winter 2016. She is a research assistant in the 

UO's Learning Lab, a developmental psychology lab, and her research interests include language 

acquisition and cognitive development in children. Allison also works for the American English 

Institute. In her free-time she enjoys hiking, cooking, and traveling. 
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* Seth is a Mathematics major and Computer Science minor in his third year at the University of Oregon. 

Although he studies mainly technical topics, he enjoys taking German courses and liberal arts courses 

every once in a while. This paper, in particular, comes from a literature research class he took in Spring 

2016 titled “Artificial Births in Speculative Fiction”. He likes to read science fiction novels and pieces of 

Russian literature. Over Christmas break in his sophomore year, his brother recommended that he read 

Card’s Ender Shadow. His brother said that Seth would find many similarities between himself and with 

Bean, especially in the ways in which they both think analytically. Seth really enjoyed the book and 

found a great opportunity to write about his impressions in his spring term research class. Outside of 

school activities, Seth likes to ski, hike, watch German news, listen to indie music, play board games, 

and play video games. At UO, Seth plays for the UO Club Soccer team as a midfielder and works for the 

Teaching and Learning Center as a math tutor. After college, he plans to work as an actuary and live in 

the Pacific Northwest. Please direct correspondence to sethdavidtemple@gmail.com. 

 

Bean as Our Future: How Ender’s Shadow Disputes the 
1997 Backlash Against Human Cloning 

Seth Temple, Mathematics* 

ABSTRACT 

In 1997, Dr. Ian Wilmut and colleagues at the Roslin Institute performed a successful 

somatic cell nuclear transfer on a female sheep named Dolly. Fear-mongering media 

coverage of Dolly immediately postulated concerns surrounding potential human cloning. 

In 1999, Orson Scott Card reimagined the Enderverse with the genetically enhanced clone 

Bean as the protagonist for Ender’s Shadow. Bean exists as Card’s counterexample to the 

aforementioned speculation. Card’s portrayal of Bean posits a world in which cloning 

technologies maintain human dignity, respect individuality, and benefit mankind’s 

pursuits. This paper demonstrates the historical concerns surrounding cloning as 

inadequately corroborated through analyses of Bean and Ender as literary foils, of Bean 

and Nikolai as unique personalities despite being genetic copies, and of Bean as a helpful 

wholesome clone due to the Christian education Sister Carlotta provides him. By 

presenting a contradiction to dispute the media’s fallacious and unfounded claims, Card 

requests more discourse over the cloning debate and pleads for an understanding of 

various perspectives.

 

The runt in Ender’s Game turned savant-hero in Ender’s Shadow: enter Bean. A 

product of somatic cell nuclear transfer1 and gene therapy,2 Bean is the hyper-rational 

strategist and creative genius behind Ender’s venerated accomplishments. Described as 

the “children in space” franchise, Orson Scott Card’s so-called Enderverse3 imagines 

interplanetary warfare between mankind and the Formics (an alien invader race) in which 

gifted juveniles undergo battle training and command space fleets. In Card’s inaugural 

novel Ender’s Game (1985), Card elevates Andrew “Ender” Wiggin as the emotionally-

intelligent born-commander to defeat the Formics, independent of outside help.  
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This paper investigates why, fourteen years later, Card revisits his seminal work. In 

particular, this paper analyzes Bean’s status as a genetically enhanced clone and places 

Ender’s Shadow (1999) in the historical context of the 1990s cloning debate. Following 

the aftermath of the Dolly the sheep announcement, media and political institutions 

determined human cloning to be taboo and postulated concerns surrounding its practice. 

I see Bean in Ender’s Shadow as Card’s model supposition to contradict the non-sequiturs 

and slippery slopes broadcasted to the public concerning human cloning. By comparing 

Bean and Ender as literary foils, recognizing Bean and his twin Nikolai as unique 

personalities despite being genetic copies, and highlighting Bean as a helpful wholesome 

clone due to the Christian education Sister Carlotta provides him, I show the 

contemporary concerns regarding cloning technology as inadequate, and I suggest that 

Card calls for more perspective and discourse on the cloning debate in his novel Ender’s 

Shadow.  

In 1997, two years before Card published Ender’s Shadow, Dr. Ian Wilmut and his 

colleagues at the Roslin Institute published their research on the first successful somatic 

cell nuclear transfer of a mammal. Immediately, this event galvanized public debate. 

Media, political, and religious institutions offered the receptive public an image of human 

cloning littered with references to eugenics, totalitarian control, misguided science, 

depraved individuality, and debased human significance. Richard Holliman shares his 

study on the media coverage of cloning, writing that “interventions shifted the emphasis 

from the scientific announcement towards the political and ethical implications of 

experiments” and that there was “a lack of discussion of the agricultural applications of 

[animal] cloning” (115). In other words, journalists ignored the research’s focus on 

agricultural applications and instead initiated a doomsday tirade on human cloning.  

Moreover, Holliman’s study presents a media apprehensive to science rather than a 

media looking for utility from science. Card certainly implies the prospects of cloning in 

Ender’s Shadow, demonstrating Bean, as a representation of the results of biotechnology, 

contributing to Ender’s victories. The media further discussed cloning in regard to human 

cloning, invoking “references to science fiction and descriptions of the historical links 

between eugenics and political extremism” (Holliman 118). Huxley’s Brave New World 

(1932) remained the popular literature to allude to, pointing to the horror of the 

biologically engineered and psychologically conditioned class consciousness. Similarly, 

media implicated Ira Levin’s film The Boys from Brazil (1978), making a strikingly 

explicit connection to eugenics by involving a Hitler doppelgänger. Such media 

interweaves feelings about cloning with notions of totalitarianism and the eugenics 

movement.  

Literature, however, rarely offers readers such obvious messages as the 1990s media 

would suggest. The media distorted the complexity of the science fiction genre. In 

“Cloning humans, cloning literature: genetics and the imagination deficit”, José van Dijck 

claims that the sci-fi novels invoked in the cloning debate “were systematically reduced to 

their seemingly unequivocal or unambiguous plots, without acknowledgment of their 



Oregon Undergraduate Research Journal Temple  

Volume 11 Issue 1 Spring 2017  3 
 

rich, multi-interpretable and educational content” (9). For example, one could read Brave 

New World as a polemic against industrialization or pharmaceuticals. Simplifying Brave 

New World as a totalitarian state gone wrong is both a retrospective rhetoric and a 

manipulation of an uneducated crowd. Media took advantage of popular sci-fi to make a 

one-sided didactic argument against cloning research. Van Dijck concludes, “I would like 

to see that we exploit the great potential of science fiction novels to address the important 

philosophical, ethical and moral questions” (21). Card obliges van Dijck’s request with his 

science fiction, exercising fantasy as a way to explore new vantage points. In an interview, 

Card laments, “by and large, you’re hearing the fad philosophy of the last five years, 

expressed through characters acting it out. That’s unfortunate because you’re not 

examining anything” (G. DeCandido and K. DeCandido). The 1990s consensus on human 

cloning strongly opposed all forms of the practice, so much so that journalists and 

politicians labeled it taboo. Card, however, writes to disrupt unchallenged assumptions. 

In contrast to the aforementioned literature, the references to cloning in Ender’s Shadow 

cannot be missed or misconstrued. Ender’s Shadow is a response to the conservative 

media. Clones like Bean would not be innately evil and could be of legitimate use. This 

argument, supposing Card meant it, is particularly persuasive because it takes the same 

vehicle of science fiction to arrive at the polar opposite destination.  

Faith-based groups communicated distress over the education of hypothetical clones 

and that education’s influence on their vices and/or virtues. Card appeals to this 

sentiment, manufacturing Bean as a good Christian due to Sister Carlotta’s mothering of 

him. Theologian Stephen Werber concedes to the inexorable ambition of science in regard 

to cloning, and instead hopes to steer science on an ethical path. He affirms that “the legal 

and moral imperatives of theology are all the more important. The values they represent 

may lead to a universal societal demand that the development of cloning and related 

genetic research be used for good rather than evil” (Werber 1119). Notably, Card is a 

devout Mormon and regularly harkens to scripture in Ender’s Shadow. His 

characterization of Bean agrees with Werber’s recommendation. Sister Carlotta rescues 

Bean from Achilles’ street gang and teaches him the Gospel. Bean learns morality from 

Sister Carlotta and displays this in the climactic moment before he sends his fleet to 

certain death. Turning on his speaker, Bean addresses his squadron: 

‘O my son Absalom,’ Bean said softly, knowing for the first time the kind of 

anguish that could tear such words from a man’s mouth. ‘My son, my son Absalom. 

Would God I could die for thee, O Absalom, my son. My sons!’ 

He had paraphrased it a little, but God would understand. Or if he didn’t, Sister 

Carlotta would. (Card, Ender’s Shadow 454) 

Here Bean experiences empathy, feeling the emotions of his comrades and tormenting 

himself for having to sacrifice their lives.  Moreover, David’s cry for Absalom embodies 

self-sacrifice for the family. Bean sees himself as a parent, both nurturing to and willing 

to sacrifice himself for, his soldiers. In addition, the religious connotations in Bean’s 
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words offer compassion to the dying soldiers. Lastly, Bean invokes Sister Carlotta in a 

reference to an earlier passage in which Sister Carlotta likewise invokes David’s cry. Bean 

interprets this parable and contextualizes it to his situation, showing an understanding of 

Christian morality and how it manifests in his character. In comparison, Ender’s mother 

in Ender’s Game denies her Mormon faith due to government pressures, and Ender, 

accordingly, showcases no signs of faith-based education.  Clearly, Card sees Christianity 

as quintessential to Bean’s character: the religious features of the newly-envisioned Bean 

appeal to the religious concerns surrounding cloning. 

Historical concerns surrounding cloning jumped to the hasty conclusion that clones 

might be objectified or used as instruments.  John Robertson attributes this concern to 

overbearing parents, saying, “A pervasive concern about cloning is the risk that choosing 

the child’s DNA will turn the child into a mere instrument or object to satisfy parental 

agendas that conflict with treating the child as an end in herself” (1455). Implicit here is 

consideration for the welfare of the cloned child. Objectification of the clone harms the 

clone’s right to determine his or her future. Robertson further elaborates on this 

argument where viewing clones as instruments becomes a way to exercise “despotic or 

narcissistic power over others, thereby depriving them of the uniqueness and autonomy 

that seems central to human dignity” (1385). Again the idea of tyranny percolates into the 

cloning debate. Biotechnology seems to be the appropriate avenue to resurrect faith in 

individuality and strike terror into the populace.  

Card, however, offers up Bean as a case in which biotechnology exists free of hegemonic 

control. Bean rejects any and all efforts to be manipulated by the Battle School teachers 

in contrast to Ender who naively trusts the system. At Battle School, teachers implore the 

students to play video games in their free time because they can psychoanalyze their 

interactions with the interface. Bean refuses to play because he “was not going to give 

them a chance to learn more about him than he knew himself” (Card, Ender’s Shadow 

125). This quotation holds special relevance since Bean is a clone. Bean fears an 

oppressive force experimenting on him and passing judgment. In contrast, Ender plays 

the game and struggles to beat the Giant’s Drink challenge in which whatever vial he 

chooses always kills him. After experiencing repeated frustration at the rigged game, 

Ender improvises. His avatar jumps at the Giant’s face, clambers up his lip and nose, and 

begins to dig into the Giant’s eye (Card, Ender’s Game 64). Ender’s reaction to the Giant’s 

Drink video game foreshadows his reaction to the final battle with the Formics. The 

teachers like this reaction because it showcases Ender’s proclivity for violence. 

Furthermore, the teachers observe Ender as an improviser and a competitor who never 

accepts defeat.  

While the teachers beguile the innocent Ender, the intuitive Bean instead spites them. 

He crawls through the vents and spies on them, he hacks into the computer system, and 

he writes fake diary entries. In response to one particular diary entry, Bean thinks, “Let 

them stew on that. Let them think he was trying to turn Battle School into the street life 

that he knew” (Card, Ender’s Shadow 134). The repetition of “Let them” and the 



Oregon Undergraduate Research Journal Temple  

Volume 11 Issue 1 Spring 2017  5 
 

italicization of “that” underscores Bean’s antagonistic tone. Moreover, the content of 

Bean’s thoughts reminds readers that the Battle School teachers do not know Bean’s past. 

They don’t understand him because they didn’t have surveillance on his childhood. Ender, 

on the other hand, wore a monitor in his youth. They know all about Ender’s home 

environment, school life and family life. Bringing out this comparison highlights how 

Card pictures Bean as against manipulation and outside of the Battle School’s scope of 

surveillance. Bean, Card’s representation of biotechnology, is unaffected by parental or 

societal pressures to complete some predetermined task.  

Some groups have theorized that human cloning would compromise the clone’s sense 

of uniqueness and individuality, but the dynamic between Bean and Nikolai (Bean’s 

genetic twin) exhibits a situation in which this speculative thinking might not happen. 

Academic research in the fields of psychology and philosophy has responded to these 

hypotheses, finding them based on the unsteady ground of genetic determinism. 

Psychologists like Nestor Morales and Dan Brock affirm that one’s construction of 

identity takes into account the interaction between one’s genetic material, pre- and post-

birth environments, and cognitive processes. Morales argues that “the experiences of 

human clones in regards to the environmental stimuli will always be individual and 

unique” (45), and, because of this fact, a clone’s identity manifests itself differently to that 

of its genetic copy/copies. Nikolai Delphiki experiences a happy childhood in Greece and 

his familial structure is traditional; meanwhile, Bean scavenges homeless in the streets of 

Rotterdam, looking for a familial structure—orthodox or unorthodox—in the form of a 

male plumber, Sister Carlotta, and Achilles’ gang. The spatial and temporal contexts of 

Bean and Nikolai’s respective developments contribute to their differences in character, 

namely Nikolai trusts the system and leans on his family for support whereas Bean 

questions the system and relies solely on his own genius. Brock purports that ignorance 

of one’s genome enables an authentic construction of self (315). Though Bean and Nikolai 

eventually discover the truth of their births, they learn this later in adolescence rather 

than in childhood. Bean does not try to emulate Nikolai and vice versa. Knowledge of the 

other’s existence does not impair a natural formulation of identity. Once again, Card 

designs the clone Bean in a fashion which, according to the psychologists’ opinions, 

rejects the theory of compromised identity.  

Twin studies complicate the aforementioned assertion that Card believes the clone and 

the cloned would be unaffected by their origins. Barbara Prainsack and Tim Spector 

interviewed 17 identical and fraternal twins to ascertain their feelings about being twins. 

They conclude that “none of our respondents employed strongly genetically deterministic 

views” (Prainsack and Spector 2745). Ender’s Shadow, on the other hand, depicts Bean 

and Nikolai as having a special bond. Nikolai is Bean’s only friend and the only person 

who understands him. Bean, in turn, shows the most empathy in his friendship with 

Nikolai. The text explains that “No one had ever had such a conversation with Bean 

before” (Card, Ender’s Shadow 160). Here Card suggests that identical twins share some 

bond due to their genetic similarity.  
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On another note, Prainsack and Spector realize that most twins would fear being a 

clone due to the situation’s impact on the parent-child relationship (2748). Card, 

however, illustrates the Delphiki family as unconditionally loving. In the end, the Delphiki 

family embraces both children equally, as shown in the text when “she [the mother] held 

them in her arms, and her tears fell on them both, and her husband’s hands rested upon 

both boys’ heads” (Card, Ender’s Shadow 466). The plural language and the emphasis on 

“both” stress the equality of treatment. Card objects to the idea that a parent’s love of a 

clone would be any different that the parent’s love for the original. Ultimately, Card 

maintains some myths of genetic determinism while also quarrelling with some rampant 

speculation.  

Philosopher Nicholas Agar puts forth a self-perpetuation theory achieved through 

cloning in which the clone’s identity is compromised, but Card’s formulation of Bean yet 

again circumvents the psychological concern. In “Cloning and Identity”, Agar discusses 

Parfitian survival—a situation in which continuation of a person occurs if two individuals 

share similar enough phenotypes and enough psychological connections and memories—

and gives reasons for Parfitian survival being more likely with clones (18). First, I oppose 

the idea of Parfitian survival because the continuation theory depends on a vague notion 

of “enough”. Second, Parfitian survival offends the diversity of individuals, calling two 

persons similar enough to effectively be the same. Nevertheless, Bean cannot be a 

continuation according to Agar’s definition. Agar states that some environments are 

“hostile to the formation of psychological connections” (23). Growing up on the streets of 

Rotterdam, Bean’s environment is hostile to the formation of psychological connections 

between him and Nikolai. Moreover, Nikolai argues that Bean is a genius and he is not 

(Card, Ender’s Shadow 394). The characters distinguish themselves among the group. 

Though I object to Agar’s argument, Card still accounts for looser definitions of 

individuality by presenting ways to avoid Parfitian survival.  

Questions relating to sense of self inevitably turn to questions of a clone character’s 

humanness in the category of young adult science fiction. Fictional narratives of clones 

traditionally exercise the clone character as a literary trope to comment on the human 

experience. I see Bean rather as a clone human in the full sense of the word, not merely a 

literary device. In “‘Is He Still Human? Are You?’”, Elaine Ostry surveys many adult sci-fi 

books that deal with clone adolescents, and she claims that “The texts, in short, use 

biotechnology as a metaphor for adolescence” (223). She suggests that the physical 

experiences of one’s body that a clone feels relate to adolescents’ experiences of puberty. 

Bean does feel awkwardly small in comparison to his peers, but he exploits this physique 

to crawl through the vents. His abnormality is less a source of shame and more an 

opportunity for espionage. In addition, Bean’s growth trajectory differs from normal 

human maturity during puberty. Bean starts tiny, but will eventually sprout up 

indefinitely and die an early death. Ostry corroborates her claim by attesting that the post-

human body in the genre is comfortingly familiar (243), yet Bean’s body goes through  a 

grotesque transformation. Bean is not a metaphor for adolescence, and a cursory reading 
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of either Ender’s Game or Ender’s Shadow would highlight how Card plays with heavier 

themes than puberty or loss of innocence.  

In the same vein, Ostry speaks to genetic engineering, explaining that “the characters 

in the books generally stand against, or regret, experimentation with the human form. 

Scientists are seen as fallible” (241). Bean, however, never concerns himself with his 

corporeal form. As stated before, Bean opposes experimentation on his psyche, not 

experimentation on the body. When debating his humanity, Bean articulates “He had 

never seen any child show any desire or emotion that he himself had not felt” (Card, 

Ender’s Shadow 183). The mind matters more than the body. Bean is human because he 

feels human, not because he looks human. Only Sister Carlotta chastises the scientists 

Volescu and Anton, but her condemnation demonstrates a typical disagreement between 

religion and science. In short, Ender’s Shadow diverges from the clone fiction genre Ostry 

illustrates, instead casting Bean as Card’s ideal clone to counter the popular arguments 

against cloning that would deny the humanity of cloned people.  

Mirroring the 1990s cloning debate, Card employs a multiple narrator structure in 

Ender’s Shadow to generate a conversation about Bean’s humanness and use as 

biotechnology. First and foremost, the multiple narratives distinguish Card’s Enderverse 

as atypical school stories. School stories often glorify the singular child’s perspective at 

odds with the tyrannical teachers. Christine Doyle and Susan Stewart indicate in “Ender’s 

Game and Ender’s Shadow: Orson Scott Card’s Postmodern School Stories” that the 

author humanizes the Battle School teachers by showcasing their flaws and their care for 

the students (191). Graff, the flight school lieutenant, certainly doubts whether Ender is 

the right commander in Ender’s Game. Card intensifies this doubt in Ender’s Shadow 

because Graff now has a choice between Ender and Bean. Furthermore, Graff doesn’t tell 

Ender he is actually decimating the Formic race, knowing that this information would 

cause emotional trauma. School stories cultivate a strong sense of didacticism as well. 

This didacticism follows from the limited first-person perspective. 

In Ender’s Shadow, Card exposes readers to a religious perspective, a government 

perspective, and a clone’s perspective. According to Doyle and Stewart, “readers must 

think for themselves and synthesize the various voices and ideas. Readers share 

subjectivities with several characters and assume multiple subject positions” (193). I 

agree with this analysis, but I extend the argument further, delineating how the various 

voices readers hear correspond to the various voices heard in the 1990s cloning debate. 

Political voices (like those of Bill Clinton and other heads of state) and religious voices 

weighed in against cloning. Interestingly, the clone’s perspective remained absent from 

the conversation. Though this comment sounds hopeful, my point is that the clone’s 

perspective had not been recognized before writers like Card. In this respect, I find Doyle 

and Stewart’s analysis all the more important since it means the readers now assume the 

clone’s position.  
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Card’s narrative structure provides the platform to compare and contrast three 

perspectives in regard to Bean’s humanness. While spying in the vents, Bean hears Dimak 

and Graff conversing: 

 ‘Isn’t that debatable? The difference between humans and chimpanzees is 

genetically slight. Between humans and neanderthals it had to be minute. How 

much difference would it take for him to be a different species?’ 

 ‘Philosophically interesting, but in practical terms—’ 

 ‘In practical terms we don’t know what this kid will do. There’s no data on 

his species.’ (Card, Ender’s Shadow 181) 

Here the military personnel employ a classification language “species” to exclude Bean. 

References to science also give false weight to their argument. Lastly, implied in Graff’s 

words rests the commonplace fear of the unknown. This quotation mimics the consensus 

opinion on cloning in the 1990s. Sister Carlotta likewise imitates the religious voice, as 

Bean experiences consternation after realizing “She had raised the question of whether 

Bean was genetically human” (Card, Ender’s Shadow 185). Meanwhile, Bean comments 

on his humanness: 

Besides, his problem was not figuring out whether he really was human or not. 

Whatever he was, he was himself and must act in such a way as to . . . get as much 

control over his own future as possible. The only danger to him was that they were 

concerned about the issue . . . (Card, Ender’s Shadow 185) 

Bean sees Graff and Sister Carlotta’s concerns as farcical. Though Graff and Sister 

Carlotta want to include and exclude like a high school clique, how Bean behaves is what 

actually matters. Emphasis on pronouns accentuates this insider-outsider group 

dichotomy.  

On the other hand, Bean’s never-before-heard voice identifies the slippery slopes 

human reason falls into. The third narrator reexamines previous arguments through a 

new lens. Doyle and Stewart explain that Card’s narrative structure “demonstrates the 

necessity of accessing and appreciating multiple perspectives” (198). I again agree with 

Doyle and Stewart and connect their argument to Card’s plea for better communication. 

Because Bean eavesdrops on the teachers’ conversations, he has better information and 

makes informed decisions. In contrast, the teachers deprive Ender of information and, as 

a result, he is deeply distraught after finding out he unknowingly committed genocide. 

The extermination of the Formics is due to a withholding of information. If Ender or the 

International Fleet had communicated with the Formics, perhaps the genocide could have 

been avoided. Card creates multiple narrators to demand more perspectives and 

discourse. He reminds the readership that informed decisions synthesize all available 

knowledge.  
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Although Ender’s Game and Ender’s Shadow share the same plot, the story is told from 

two different perspectives. How Card portrays Bean and Ender in the two works draws 

out Bean’s goodness and usefulness. To begin, Bean and Ender represent different types 

of leadership. Bean thinks mathematically and solves problems that no one else can. 

Meanwhile, Ender’s charisma and genuineness resonate with the other schoolchildren. 

This leadership comes from how Ender values his soldiers and vicariously empathizes 

with them. This trait becomes clear when Ender discovers the Formic queen’s egg: 

The old queen . . . commanded her [the egg] to become herself, to become a new 

city, a new world, to give birth to many queens and many worlds— 

How do I know this, thought Ender. How can I see these things, like memories 

in my own mind. (Card, Ender’s Game 319) 

I see Ender’s focus on “how” as a sign of the innocence in his actions. Moreover, Card 

inserts commas instead of question marks after each inquiry. This choice suggests the 

inquiry as less of a serious question and more a sinking in of empathy into Ender’s 

character. His empathy is natural, unforced. Finally, Ender decides to resurrect the 

Formic race which I read as further evidence of his loyalty to life and determination to a 

cause (both strong traits for commanders). In “Orson Scott Card’s Ender and Bean: The 

Exceptional Child as Hero”, Christine Doyle suggests that “it is Bean’s superior creativity 

and Ender’s superior leadership that carry the day” (309). While I concur with Doyle that 

the International Fleet needs both Bean and Ender’s respective talents, I view Bean’s 

giftedness more literally as a product of his genetic enhancement rather than a giftedness 

possible in our contemporary world. Doyle implies that we should recognize a diversity of 

intelligences, whereas I argue that Card sees the value in biotechnology, namely 

leveraging gene therapy. Ender assigns Bean special tasks in Battle School, precisely 

because only Bean with his genetically engineered intelligence can think outside the box. 

Both Graff and Ender eventually decide to use the biotechnology that is Bean. 

The fact that Bean and Ender collaborate as a team dispels the concern that 

biotechnology would diminish the value of the human. A light flashes on Bean’s monitor, 

and he faces the choice of taking over for Ender. But Bean resigns the thought, surmising 

that “For Ender, the others will do their best work. If I took over, they’d be so upset, so 

distracted, that even if I came up with a plan that had some kind of chance, it would never 

work because their hearts wouldn’t be in it” (Card, Ender’s Shadow 449). The stress on 

“even if” highlights that Ender possesses something Bean could never have, something 

that biotechnology could never manufacture. This distinction underscores that 

biotechnology could manufacture artificial intelligence, but it could never create a human 

soul. Doyle suggests that Bean doesn’t take over because that switch would disprove the 

children’s belief in Ender as the invincible hero (312). However, I argue instead that Bean 

doesn’t take over because he recognizes Ender’s human virtue as a commander. Bean 

compliments his human audience and assures them that he too is fallible. Thus, Card 

again disputes an anti-cloning argument. 
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Juxtaposing Bean and Ender as literary foils reveals the intrinsic goodness of Bean. 

Card devises this foil to expose the genetic fallacy advertised in the 1990s. Both Ender and 

Bean confront bullies, but Ender perpetrates violence whereas Bean elicits confession. As 

described in Ender’s Game, “It was as if Ender had kicked a piece of furniture. Bonzo 

collapsed, fell to the side, and sprawled directly under the spray of steaming water from 

the shower. He made no movement whatever to escape the murderous heat” (Card, 

Ender’s Game 211-12). The simile insinuates that Ender finds murder easy and natural. 

In comparison, Bean cannot kill and finds a nonviolent means to approach his bully 

Achilles.4 He traps Achilles in the furnace room, forces him to explain how he murdered 

people, and records the confession. Bean considers taking retribution, but then tells 

himself “Bean, you’re no Brutus”5 (Card, Ender’s Shadow 384). Here Bean attains justice 

in a legal manner and chooses pacifism. Throughout the story, he never resorts to murder, 

and part of why he cannot command the fleet is because he would not sacrifice his soldiers 

or perpetrate genocide. Notably, Ender reminds us that humans behave malevolently and 

that we cannot hypocritically suppose the wickedness of others. While Ender succumbs 

to his destructive passion, Bean learns from human history, holds Christian morals and 

is pacifistic.   

The literary foil offers the viewpoint that human civilization needs Bean, the 

representation of biotechnology, more than it needs Ender. In her concluding note, Doyle 

suggests that 

The final pages of Ender’s Shadow place Bean on the threshold of a world of 

postmodern fragmentation, where, with his ability to ‘think differently’ all the 

time, continually to come up with innovative solutions in a continually shifting 

landscape, Bean will be the new hero humankind needs. When one considers the 

traditional mythic hero is portrayed as a savior to his people, and that Bean is a 

clone—a new creation—perhaps Card is suggesting a new story pattern in which 

saving also involves creation. (315) 

Doyle presents solid analysis, yet some of her claims require more evidence. I agree 

that Ender’s Shadow topples the apotheosis of Ender as the mythic human hero by 

showing how Ender’s friends support him and how Bean, in particular, supports him. I 

also concur that Card calls for innovative solutions and creative thinking to solve 

contemporary problems. However, Ender’s Shadow provides a comprehensive look at the 

cloning debate, and I doubt Card feels strongly one way or the other (for cloning or against 

cloning). Sister Carlotta epitomizes the paradoxical feelings towards cloning: she 

condemns the scientists Volescu and Anton, but also loves and nurtures Bean. I imagine, 

just like theologian Stephen Werber, Card feels ambiguous in regard to cloning and 

struggles to reconcile his faith with science.6 He exercises the multiple narratives 

structure precisely to request more discourse and portray various viewpoints. Ender’s 

Shadow exists to reexamine the 1990s judgment of cloning as taboo, not to vociferously 

proclaim the opposite opinion.  
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Although Ender’s Shadow contains a language accessible to all ages, Card still writes 

about mature themes, as he does with everything he writes. According to the foreword, 

“the parallax was created by a dozen years in which my older children grew up, and 

younger ones were born, and the world changed around me” (Card, Ender’s Shadow 3). 

This paper connects Ender’s Shadow to the changing world prompted by the Dolly the 

sheep announcement. A Mormon, homophobe, and inflammatory columnist, Card is a 

well-known conservative. Eric Oatman points out that Card has two websites devoted to 

voicing his opinions (Oatman). Laura Ciperon catches Card in an interview where he says, 

“My characters wrestle with real moral dilemmas where all the choices have steep prices. 

If they make the selfish choice, then I show the consequences. I’m not trying to teach that 

lesson, though it underlies everything I write” (Ciperon). Clearly Card writes with intent 

and believes in a right versus wrong binary. Graceanne and Keith DeCandido give a 

subjective interpretation of Card’s interviews: “‘I’m Kristin’s husband, Geoffrey and Emily 

and Charlie’s dad, I’m a Mormon, and I am a science fiction writer.’ Orson Scott Card 

describes himself in that way and in that order” (G. and K. DeCandido). I find this fact 

interesting though, because Ender’s Shadow diverges from the religious and reactionary 

response to the 1990s cloning debate. Indeed, Card is not an anomaly. No party line 

existed for Card to follow. Mass media, politics and organized religion domineered the 

cloning debate. Card’s bias in Ender’s Shadow is not for or against some policy: it is for 

discourse. He sees science fiction as a method to think differently, and he therefore wants 

his companion novel to rekindle the national debate on cloning. 

Orson Scott Card creates the character Bean as a counterargument to historical 

concerns surrounding the 1990s cloning debate. Multiple narratives give more context 

and perspective, ultimately ending the deification of the perfect human Ender and 

identifying the worth of the genetically engineered Bean. Letting the media, the 

government and the church frame national debate and pass judgments on scientific 

research is aristocratic. All things considered, Card defends the democratic process in his 

science fiction. His books ask readers to reassess values and policies in the ever-changing 

world. Just like Bean, Card implores us to reexamine the continually shifting 

sociopolitical landscape, acknowledge numerous perspectives, and think creatively about 

the world we shape.  
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NOTES

1 Sister Carlotta asks Dr. Volescu how he knew that Bean was a boy. He replies: “‘How do you think I got the genes I 
worked with? I implanted my own altered DNA into denucleated eggs’” (Card, Ender’s Shadow 207). 

2 “So that was the secret. The genome that allowed a human being to have extraordinary intelligence acted by 
speeding up many bodily processes. The mind worked faster. The child developed faster. Bean was indeed the product 
of an experiment in unlocking the savant gene” (Card, Ender’s Shadow 173). 

3 The Enderverse is an affectionate name for the Ender’s Game book series and/or for books whose plot occurs in the 
sci-fi universe Card imagined originally in Ender’s Game. 

4 The name Achilles suggests that Achilles is Bean’s one weakness, i.e. his Achilles heel. 

5 Bean and the Battle School teachers often reference historical figures like Hitler, Napoleon, Patton, Caesar, and 
Alexander the Great. Bean educates himself by reading history. Here Bean has learned through reading about 
Brutus’s betrayal of Julius Caesar the sin that murder is. 

6 I am of the opinion that Card is pro-life, in whatever form it comes in. This paper claims that Card feels ambiguous 
in regard to cloning because, much like Sister Carlotta, he would not actively seek out cloning technologies, but, if 
they were to become available, he would accept the clones as living beings that deserve respect and dignity. 
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Analysis of the Economic Impacts of Immigration in the 
United States 
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ABSTRACT 

In this paper, I attempt to establish a causal relationship between immigration and local 

economic outputs. My estimation sample consists of national data on each of educational 

attainment, wages, and native employment, organized by state.  The sample also 

contains state- and national-level data on other macroeconomic factors including 

population, unemployment, Consumer Price Index, and a construction of remittances, 

that I believe impact the economic outputs. Estimation reveals positive effects of 

immigration on educational attainment and wages, and an ambiguous effect of 

immigration on native employment. I then discuss potential theoretical economic 

explanations for my estimation results, ranging from simple uncorrected endogeneity to 

labor supply and demand interactions, and a complementarity effect leading to labor 

specialization among immigrants. In sum, my data shows immigration having positive or 

neutral impacts on each of the economic outputs listed above. In many cases, I find these 

impacts can be explained by conventional economic theory rather than issues with the 

data or estimation methodology used.  

 

I. INTRODUCTION 

As the subject of global political interest for centuries, worldwide immigration has 

been on an upward trend in recent history. Mark Leonard (2016) claims that worldwide 

international migration is currently the highest it has been since World War II. Political 

unrest, widespread poverty, war, and scarcity of necessary resources increasingly force 

refugees from the Global South and the Third World, while relative economic stability, 

higher standards of living, and better job prospects in the West draw these migrants in 

(Leonard 2016). The recent influx of immigrants has appropriately pushed immigration 

to the center of many political debates, particularly in those countries that tend to serve 

as migrant destinations, including much of the developed world. 

In the United States, immigration has steadily increased over time. Figure 1 depicts 

the rapid growth in immigration witnessed by the U.S. in the recent decades, while 

Figures 2.1 and 2.2 illustrate the changes in the distribution of immigrants across U.S. 

states. The growing presence of immigrants in local markets has generated questions 
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about their contribution and overall economic impact, specifically immigrants' effects on 

the welfare of native citizens. The economic effects of immigration in native labor markets 

are often cited in policy debates, both by pro- and anti-immigration camps. However, the 

direct effects of immigration on wages are not well known, and findings in the field are 

often ambiguous, particularly in their implications at the national level. An empirically-

tested, causal understanding of the large-scale economic effects of immigration can 

inform these debates and suggest economically viable immigration policy options moving 

forward. 

Several studies have emerged over the last two decades that attempt to establish 

this causal relationship between international migration and fluctuations in economic 

outputs in the home country. The results of these studies frequently conflict with one 

another. Borjas (2003) found that the effect of immigration on the earnings of native 

American workers is negative and significant—an outcome caused by the flooding of the 

U.S. labor market with low-skill immigrant workers. Peri (2012), on the other hand, found 

immigration to have a positive effect on native earnings, a conclusion extrapolated from 

the increased factor productivity experienced by native workers as a result of said 

immigration. Dozens of additional articles in the field similarly clash with one another in 

their results. These clashes can commonly be attributed to errors on both sides of the 

debate in data collection, such as sampling narrow geographic regions, failing to control 

for spatial correlations between immigrant proportion of the local labor force and local 

wages (Longhi et al. 2005), as well as model specification failures (Borjas 2013, Longhi et 

al. 2005). 

 

Figure 1: Growth in Immigrant Share Over Time 
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Figure 2.1: Immigrant Distribution, 1970 

 

 

Figure 2.2: Immigrant Distribution, 2010  
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This paper uses data from the United States broken down by state and year to 

overcome the biases that accompany more restrictive data sets. Through the analysis of 

the 50 U.S. states and the District of Columbia, observed over a period of 50 years, I 

attempt to generate a robust explanation as to immigration's impacts on various labor 

market outcomes. I focus on immigration's implications for native wages, native 

employment opportunities, and educational attainment. My analysis finds positive and 

significant impacts of immigration on wages, even in my most restrictive regressions. I 

also find variable impacts of immigrants on native employment opportunities, and finally 

a positive and significant effect on educational attainment. In analyzing my results, I 

discuss in depth plausible explanations for causality between immigration and these 

variables. 

This study provides fresh insights into the effects of immigration in multiple ways. By 

drawing from the entire United States, I aim to correct one of the common data collection 

errors cited by Longhi et al. (2005)—narrow geographic sampling. Additionally I include 

several population measures in my model, including information on native and 

immigrant populations by skill level to likewise address the issue of spatial correlation 

put forth by Longhi et al. (2005). My large sample period allows us to observe several of 

the long-run implications that are not discernible in much of the related literature; many 

similar studies are restricted to ten- or fifteen-year sample periods that fail to capture 

tendencies of immigration over time. 

The organization of the remainder of this paper is as follows: Section 2 provides a 

discussion of the economics of immigration drawn from the relevant literature, 

highlighting results from several studies closely related to ours. Section 3 presents my 

regression model and describes the methodology I follow in estimating the proposed 

model. Section 4 outlines the data sources and the data collection process, including any 

variable generation techniques. In Section 5, I discuss the results of my model estimation. 

Finally, in Section 6 I discuss the conclusions drawn from my model estimation.  

II. LITERATURE REVIEW 

While the impacts of immigration have likely been studied for as long as international 

migration has occurred, interest in the field in the United States grew markedly after the 

1965 Amendments to the Immigration and Nationality Act, which abolished immigration 

quotas established in 1921 (Borjas and Tienda 1987).  However, as Simon (1989) pointed 

out, even after the amendments, much of the study was limited to discovering the public 

effects of immigrants, usually striving to determine the impact immigrants have on 

government spending and use of public goods. Very little thought was given to the impact 

immigrants would have on native citizens' private lives including personal income, 

employment, and education. In 1987, George Borjas and Marta Tienda published one of 

the first papers to analyze the impact of immigration on native wages. Since then, there 

has been a contentious debate surrounding immigration's ground level impacts with 

economic theory and empirical evidence supporting the arguments of both sides.  
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 Analysis of the economics of immigration is often constrained by inadequate 

knowledge of economic theory. A common misconception around immigration 

economics is the belief that "for every immigrant who finds employment, a native-born 

worker is displaced" (Borjas and Tienda 1987, p. 646). This argument fails to account for 

the flexibility of the labor market. Rather than having a fixed number of jobs that can be 

filled by immigrants and native workers alike, the labor market tends to expand and 

contract in response to the quantity and quality of labor available. The economic theory 

here supports the conclusion that as immigrants enter the market, the labor supply 

increases, which does result in an intersection with the labor demand curve at a lower 

equilibrium wage level, but does not contribute to the 1:1 job displacement cited above. 

 Furthermore, the variance in skill level across both native and immigrant workers also 

contributes to the effect immigrants have on native wages. For example, an influx of low-

skilled workers will complement existing high-skill workers. The ability of these high-skill 

workers to specialize increases their productivity, directly increasing their wages (Peri 

2012). This increased-productivity hypothesis is supported by a negligible effect of 

immigration on native share of employment (Ottaviano et al. 2013). These two studies 

found that, rather than displace native workers, immigrants gravitate toward low-skill 

jobs, encouraging native workers to transition into high-skill work while generating a 

complementarity effect that gives all workers a wage boost. 

 To exemplify a complementarity effect, picture a construction site in Cottage Grove 

staffed by contractors from Johnson Construction Co. Assume that all of Johnson's 

contractors are native workers. Now imagine an influx of immigrants to Cottage Grove. 

The new immigrants will be looking for jobs, and may be proficient in construction 

(traditionally low-skill labor). Meanwhile, the native contractors know the inner workings 

of Johnson, they have relationships with management at the company, and know how 

things work. For this example they represent high-skill labor. In this scenario, all of the 

workers can specialize to increase productivity. Native workers can capitalize on their 

knowledge of company operations to transition into supervisory or local management 

roles that they have a comparative advantage in, while immigrants can take the 

construction jobs, their particular area of comparative advantage. The two skill sets, and 

the two roles they lead to, complement one another and lead to increased overall 

productivity at the construction site.  

Complementarity happens in contrast to the typical understanding of immigrant 

transition into the workforce, known as substitution. Were we to apply substitution to the 

example above, the immigrants arriving in Cottage Grove would compete with native 

workers for a fixed number of construction jobs, resulting in the 1:1 displacement 

discussed earlier. Substitution defies economic theory. A complete substitution effect is 

viable only under a precise set of assumptions, namely entirely inelastic labor demand, 

that are so unlikely in the real world so as to be irrelevant to this discussion. 
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 Both Ottaviano's and Peri's findings that immigrants tend to low-skill jobs provides 

compelling evidence that the immigrants themselves are low-skilled. While it is possible 

that immigrants become underemployed upon their arrival due to circumstances beyond 

their control, the idea that many U.S. immigrant workers are low-skilled resonates with 

Borjas' theory of negative selection.  Borjas hypothesized that the skill demographics of 

migrants are dependent on the wage distribution in their home country. Many developing 

countries have high returns to skill, incentivizing skilled workers to remain employed 

there. These returns stem from simple scarcity: when a lower percentage of the workforce 

is skilled, skilled workers earn higher wages. The implication then is that those that 

migrate from developing countries do so because they did not have the skills to be 

economically prosperous at home (Borjas 1989). This theory has been challenged by 

Chiquiar and Hanson (2005) using evidence from Mexican immigration to show that 

Mexican immigrants tend to be better educated than Mexican residents. The finding that 

immigrants take low-skill jobs remains valid, though the question of their job selection 

resulting from their own lack of skills or some other factor remains to be answered. 

 As stated above, empirical results surrounding immigration's impact on economic 

outputs vary depending on the study and the data used. Borjas (2013) used a model with 

homogeneous labor and asserts that there will be a permanent wage reduction when 

immigration expands the workforce faster than it expands the consumer base. As 

consumer demand will increase slower than labor supply, at the very least a small negative 

impact on wages occurs. Borjas' findings are corroborated by Ciccone and Peri (2005) 

who found a significant negative wage elasticity with regards to immigration. In contrast 

to the pessimistic wage predictions, Peri (2012) later reported "no evidence of crowding 

out of native employment by immigrants". He attributes any positive effects to an increase 

in worker productivity, which is identified from a model that controls for worker skill. In 

other words, Peri held worker skill constant across natives and immigrants and finds that 

employment is consistently awarded on the basis of worker productivity rather than 

national origin. Lewis (2005) found no effect of immigrants on native wages because of a 

labor market adaptation to the skill levels of its workers, using a model that controls for 

firm choices in technology investments.  

From this discussion, it becomes clear that the results from the various models 

range across the board. In this study, I develop a model that includes many of the factors 

mentioned above while also accounting for several new variables that economic theory 

predicts will be relevant. More specifically, I control for the skill level of immigrants, for 

location-specific characteristics, and for other relevant economic variables described in 

more detail in the next section. 

III. CONCEPTUAL MODEL AND ESTIMATION METHODOLOGY 

As seen above, there are several competing narratives explaining the economic 

impacts of immigration. In many such explanations, immigration is only a fraction of 
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the overall story, with other factors affecting a specific economic outcome.  Keeping this 

in mind, I propose the following econometric model: 

yst = β0 + β1timet + β2locationst + β3immigrationst + εst (1) 

where y represents an economic outcome of interest (e.g. educational attainment, wages, 

or native employment level), time is a collection of temporal variables meant to control 

for macroeconomic factors or shocks, and location consists of a group of state-specific 

variables. I isolate immigration, as it is the variable of interest. The subscripts s and t 

indicate the state and time level of variation in the data sample. 

 Estimation of the regression model in equation (1) produces β coefficients. The 

estimate β3 is our coefficient of interest as it measures the impact that changes in 

immigration levels have on the outcome variable, y. Discussion of my estimation results 

focuses primarily on the sign, magnitude, and significance of the β3 estimate. 

 I estimate my model using a sequence of five increasingly restrictive Ordinary Least 

Squares (OLS) regressions. To begin, I run the most basic regression of economic output, 

y, on immigration. I then add to my regression model variables that capture 

macroeconomic effects: the process begins with the addition of labor shocks, then income 

and economic shocks, and then state-specific characteristics. In the final and most 

restrictive regression, year dummies and location fixed effects are included to control for 

unobservable factors that may affect the economic output y.  

 One of the key assumptions of the OLS methodology is that the explanatory variables 

from the model in equation (1) are uncorrelated with the regression residual. When this 

assumption is satisfied, the estimated β coefficients are unbiased. In our case, it is 

possible that this assumption does not hold. I believe there is a potential for endogeneity 

amongst several of the variables in my model. Endogeneity, sometimes called 

simultaneous causality, occurs when two variables correlate strongly without any 

indication of the causal direction: which variable is the cause, and which is the effect? I 

can come up with reasonable explanations as to how the values of particular economic 

variables will drive immigrant settlement patterns which can help address the 

endogeneity issue, but is not a certain fix. I will examine specific areas where I suspect 

endogeneity may bias my estimates during discussion of the results of my estimation. In 

the case of endogeneity, it is difficult to determine causality between the two variables: 

does a larger immigrant population cause change in an economic output, or do varied 

levels of the output draw larger immigrant populations? 

 The econometric solution to the issue of endogeneity is to use instrumental variables, 

which in turn calls for the use of Two Stage Least Squares (2SLS) estimation methodology. 

Without becoming too tangential, 2SLS is an econometric methodology that makes use of 

an instrumental variable to correct for endogeneity. In the case of wages and employment, 
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I run 2SLS specifications of equation (1) in addition to simple OLS to correct for potential 

endogeneity. I elaborate more on this in the results section. 

IV. DATA AND SAMPLE CONSTRUCTION 

The data set in this paper draws from three main sources: U.S. Decennial Census data, 

St. Louis Federal Reserve (FRED) economic data, and a data set developed by Gaetano 

Basso and Giovanni Peri (2015). Much of my sample is taken from the decennial years 

covering the period 1970-2010. The only exception to this time interval is my chosen 

instrument used in the 2SLS estimation, which consists of a 20-year lagged immigration 

measure.1 The U.S. Decennial Census data used in this study spans the period 1950-2010, 

(with 1950 and 1960 data providing my lagged observations) and provides us with data 

on educational attainment (given as the share of population holding a bachelor's degree 

or higher at the time of survey), and total population by state and year. 

The St. Louis FRED provides data on a number of economic indicators. First, the 

Census data being decennial, I used the FRED data to construct a variable to measure the 

number of months during which the United States' economy was in recession in each ten-

year cycle. I express this number as a share of the total 120 months available between 

each decennial observation. I also use seasonally adjusted unemployment data by state 

and year, the average housing transaction price by state and year, and the Consumer Price 

Index (CPI) by year. The housing price and the CPI are indexed by the year 1980 to 

normalize observations. Additionally, with housing price and CPI only available from 

1975-2010, 1970 observations for these variables have been linearly extrapolated from the 

existing data. 

The remaining economic variables are found in the Basso and Peri (2015) data set. 

This data set is constructed using a combination of U.S. Decennial Census data and the 

American Community Survey data. It includes data on employment and wages, 

population level, immigrant level, and immigrant share by state and year. All population 

data provided by the Basso-Peri data set is limited to individuals ages 18-64, a remnant 

of data constraints specific to the Basso-Peri study. Employment data is measured in four 

ways: number of working age native individuals employed, share of working age native 

individuals employed, number of high-skill individuals employed, and number of low-

skill individuals employed. Wage data is provided as the log of the average annual wage 

in each state, overall and for high- and low-skill individuals. Population was provided as 

the number of working age individuals in a particular state, but I have applied a natural 

log function to it to normalize my observations. Similar data is provided on both the 

number of immigrants in a particular state, and the share of a particular state's working 

age population that is non-native. 

To control for particular geographic effects, I created dummy location variables. I 

divided the continental United States into 4 "Latitude Zones" with the northernmost 

states comprising Latitude Zone 1, and working down to the southernmost states making 
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up Latitude Zone 4. The non-continental states, Alaska and Hawaii, have been omitted. A 

complete list of states by Latitude Zone is presented below. 

 
Table 1: Latitude Zone Construction 

Finally, I constructed a measure of state-level remittances. This variable is 

intended to capture the hypothesis postulated by George Borjas (2013). Borjas contended 

that the negative effects of immigration on employment and wages are exacerbated by 

immigrants' intention to send money to family or friends remaining in their country of 

origin. By including remittances, I hope to capture this effect in a novel fashion. Total U.S. 

remittances data by year is extant, however data on remittances by state-year have proven 

elusive. To accommodate, I construct a crude measure of state-year remittances by taking 

each state's share of total U.S. immigrant population in a particular observation year and 

multiplying it by U.S. remittances for the year as shown below: 

Immigrant Popstate, year/Immigrant PopUnited States, year=Immigrant Sharestate, year 

Immigrant Sharestate, year*RemittancesUnited States, year=Remittancesstate, year 

While this data imputation method includes several problematic assumptions, 

namely, it presumes that each immigrant is equally as likely to pay remittances as the 

next, it does provide some measure of the relative sizes of remittances, enabling me to test 

Borjas' hypothesis. The summary statistics for each variable in my data set are presented 

below. 

 

 

 

 

 

 

Latitude Zone 

1 2 3 4 

Maine, 
Minnesota, 
Montana, 
North 
Dakota, 

Washington 

Connecticut, Idaho, Iowa, 
Massachusetts, Michigan, 
Nebraska, New Hampshire, 
New Jersey, New York, Ohio, 
Oregon, Pennsylvania, Rhode 

Island, South Dakota, Vermont, 
Wisconsin, Wyoming 

Arkansas, California, 
Colorado, Delaware, District 
of Columbia, Illinois, Indiana, 
Kansas, Kentucky, Maryland, 
Missouri, Nevada, North 

Carolina, Oklahoma, 
Tennessee, Utah, Virginia, 
West Virginia 

Alabama, Arizona, 
Florida, Georgia, 
Louisiana, 
Mississippi, New 
Mexico, South 

Carolina, Texas 
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Table 2: Summary Statistics 

V. RESULTS 

It is easy to come up with stories for both positive and negative effects of immigration 

on educational attainment. On one hand, it is possible that a crowding of the low-skill 

labor market by immigrants galvanizes low-skill natives into becoming skilled and leads 

to increased educational attainment. On the other hand, it is also possible that a flood of 

low-skill immigrants attracts low-skill labor-intensive industries and firms to the area. 

These firms may create low-skill jobs in the area that incentivize individuals away from 

education. Still more, there is also the possibility that the immigrants may be the highly 

skilled ones, encouraging natives to pursue low-skill occupations because they cannot or 

do not want to compete with immigrants. Luckily, I have the data to determine 

immigration's impacts on educational attainment. 

The Ordinary Least Squares results for educational attainment are presented in Table 

3. My simple OLS regression reported in column (1) reveals a positive and significant 

correlation between immigrant share of population and educational attainment. Adding 

in my time and location variables qualifies the impact, but even up through the more 

restrictive specification reported in column (4) I maintain a positive and significant effect 

of immigrant share on educational attainment, encouraging the belief that low-skill 

immigrants provide natives with an incentive to become skilled or that the immigrants 

that arrive are skilled themselves. However, adding fixed effects (holding characteristics 

Variable Observations Mean Std. Min Max 

ln(Annual Wage) 255 10.11876 0.137436 9.819204 10.51251 

ln(Low Skill Annual Wage) 255 9.895525 0.13331 9.629357 10.28744 

ln(High Skill Annual Wage) 255 10.25794 0.135232 9.922424 10.61805 

ln(Population) 255 14.22985 1.060512 11.83356 16.82147 

Immigrant Share 255 0.071067 0.06629 0.004712 0.367678 

Immigrant Population 255 301060 803884.3 2200 7429145 

Native Population 255 2263535 2285547 132600 1.28E+07 

Native Employment 255 1849596 1866898 104500 1.03E+07 

Education Level 255 0.212059 0.090634 0.068 0.773 

Recession Months 255 0.155 0.063721 0.066667 0.216667 

State Unemployment 255 0.060729 0.023875 0.01 0.137 

Housing Transaction Price 255 1.713883 1.179531 -1.1433 6.1553 

Consumer Price Index 255 1.5588 0.771275 0.471 2.647 

ln(State Remittances) 255 17.05482 2.393115 11.90941 22.96728 
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of a particular state constant) in the regression specification found in column (5) lowers 

the coefficient on immigrant share and removes its significance, suggesting that 

educational attainment is determined by the unobserved characteristics of a particular 

state rather than the number of immigrants in the area. 

 I note several additional results of interest in my education regressions. First, up until 

I add fixed effects found in column (5), the coefficient on unemployment is negative and 

significant, implying that as unemployment increases, fewer individuals seek out 

education. On the surface, this effect seems counterintuitive. As it is one of the few 

concrete ways to improve job prospects, I would expect workers to seek out education 

when unemployment levels increase. One possible explanation for this result is that this 

is not a causal effect and that I am simply capturing a strong spatial correlation between 

low education levels and low employment levels across U.S. states. Alternatively, the 

counterintuitive effect of unemployment on educational attainment can be attributed to 

the protracted process of earning an education. Earning a degree takes time. Because the 

data is measured decennially, and because it classifies individuals by attainment of a 

bachelor's degree or its equivalent in the same year in which unemployment is measured, 

it is unlikely that my regression estimate can capture the long run effects of 

unemployment on education. For example, when unemployment is high in a particular 

year, workers may gravitate towards education, but it typically takes several years before 

they complete their degree and are counted among the educated populace. Thus, I believe 

that the inability of my data set to capture the non-contemporaneous effects of 

unemployment lead to the counterintuitive sign on my estimated coefficient. 
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Table 3: Effects of Immigration on Educational Attainment (OLS) 

 (1) (2) (3) (4) (5) 

VARIABLES Basic Labor Shocks Income 
Shocks 

Location and 
Population 

Characteristics 

State Fixed 
Effects 

      

Immigrant Share 0.762*** 0.793*** 0.429*** 0.550*** 0.224 

 (0.0922) (0.0930) (0.0851) (0.136) (0.171) 

Recession Months  0.222*** 0.0583 0.0592  

  (0.0823) (0.0726) (0.0675)  

Unemployment Rate  -0.553*** -0.583*** -0.517*** 0.127 

  (0.186) (0.134) (0.138) (0.175) 

Average Housing Price   0.0207*** 0.0182*** 0.00972 

   (0.00616) (0.00633) (0.00895) 

Consumer Price Index   0.0351*** 0.0387***  

   (0.00794) (0.00799)  

Population    -0.0194** -0.0509** 

    (0.00862) (0.0250) 

Latitude Zones No No No Yes No 

     

Year Dummies No No No No Yes 

      

State Fixed Effects No No No No Yes 

      

Constant 0.158*** 0.155*** 0.118*** 0.391*** 0.803** 

 (0.00599) (0.0143) (0.00981) (0.100) (0.349) 

      

Observations 255 255 255 255 255 

R-squared 0.311 0.338 0.548 0.600 0.885 

Number of state     51 

Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

 Next, I examine the impact of immigration on wages. As with educational attainment, 

I can easily generate plausible explanations for the sign on immigration going either way. 

Perhaps immigration increases wages because the influx of low-skill workers, and the 

possibility of a complementarity effect, prompt a specialization across the worker types. 

Specialization will lead to a more productive economy, and to increased wages as each 

worker's marginal product of labor increases. Conversely, immigration could depress 

wages in keeping with the commonly cited narrative that immigrants flood the market; in 

a simple supply and demand framework, the increase in labor supply will decrease wages. 

In my econometric analysis, I will look at the interplay between immigration and several 

measures of wages to resolve this question. 

  The simple OLS results for overall, high-skill, and low-skill wages are presented in 

Tables 4, 5, and 6, respectively. Analysis of the OLS results reported in each table reveals 

a positive and significant impact of increased immigrant share on wages. With one 
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exception, whereupon the effect is reduced and loses some of its significance, the 

estimated effect of immigration on wages remains positive and significant even in the 

most restrictive specification with year dummies and state fixed effects. These results 

largely dispute the idea that immigrants increase labor supply by a significant amount. It 

is possible that the addition of immigrants to the total labor supply is significant, but is 

offset by a consumption effect. As immigrants arrive in the country, rather than behaving 

as robots that work non-stop, they also become consumers in their own right. Their 

purchase of goods and services increases local consumer demand. Firms can react to this 

increased demand by ramping up outputs and building new factories. As a result, it is 

possible that immigration generates a long-run jump in labor demand that parallels the 

increase in labor supply. These two effects potentially balance each other out resulting in 

a positive or neutral net change in wages. 

Table 4: Effects of Immigration on Wages (OLS) 

 (1) (2) (3) (4) (5) 
Variables Basic Labor Shocks Income 

Shocks 
Location and 
Population 

Characteristics 

State Fixed 
Effects 

      
Immigrant Share 1.222*** 1.257*** 0.954*** 4.474*** 3.479** 
 (0.115) (0.115) (0.109) (1.085) (1.680) 
Recession Months  -0.569*** -0.597*** -0.659***  
  (0.117) (0.103) (0.0878)  
Unemployment Rate  -0.0563 0.390 0.354 0.331 
  (0.355) (0.298) (0.261) (0.340) 
Average Housing Price   0.0333*** 0.0392*** 0.0477*** 
   (0.0104) (0.00942) (0.0114) 
Consumer Price Index   -0.108*** -0.0988***  
   (0.0147) (0.0128)  
Educated Worker Share   0.672*** 0.599*** 0.316 
   (0.149) (0.119) (0.244) 
Population    0.0447*** 0.0347 
    (0.00618) (0.0501) 
Remittances*Immigration    -0.183*** -0.145** 
    (0.0493) (0.0696) 
Latitude Zone No No No Yes No 
     
Year Dummies No No No No Yes 
     
State Fixed Effects No No No No Yes 
      
Constant 10.03*** 10.12*** 10.09*** 9.548*** 9.524*** 
 (0.0101) (0.0208) (0.0264) (0.106) (0.692) 
      
Observations 255 255 255 255 255 
R-squared 0.347 0.419 0.568 0.705 0.526 
Number of state     51 

Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 
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Table 5: Effects of Immigration on High-Skill Wages (OLS) 

 (1) (2) (3) (4) (5) 

Variables Basic Labor Shocks Income 
Shocks 

Location and 
Population 

Characteristics 

State Fixed 
Effects 

      

Immigrant Share 0.737*** 0.730*** 0.820*** 3.086*** 0.991 

 (0.103) (0.0994) (0.102) (1.046) (1.618) 

Recession Months  -1.016*** -0.897*** -0.945***  

  (0.126) (0.0989) (0.0840)  

Unemployment Rate  0.818** 1.155*** 1.008*** 0.117 

  (0.382) (0.268) (0.247) (0.304) 

Average Housing Price   0.0358*** 0.0480*** 0.0402*** 

   (0.00968) (0.00894) (0.0110) 

Consumer Price Index   -0.151*** -0.158***  

   (0.0131) (0.0113)  

Educated Worker Share   0.417*** 0.459*** 0.448* 

   (0.114) (0.0971) (0.258) 

Population    0.0555*** 0.0959** 

    (0.00623) (0.0467) 

Remittances*Immigration    -0.132*** -0.0436 

    (0.0475) (0.0665) 

Latitude Zone No No No Yes No 

     

Year Dummies No No No No Yes 

     

State Fixed Effects No No No No Yes 

      

Constant 10.21*** 10.31*** 10.35*** 9.693*** 8.951*** 

 (0.0113) (0.0227) (0.0226) (0.100) (0.642) 

      

Observations 255 255 255 255 255 

R-squared 0.131 0.325 0.576 0.714 0.770 

Number of state     51 

Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

I also include an interaction term between immigration and state-level remittances 

to test Borjas' hypothesis that immigrants looking to send remittances to their home 

countries initiate greater wage reductions. In each of Tables 4, 5, and 6, the coefficient 

on the interaction term is negative and significant, lending credence to Borjas theory: if 

we hold the variable immigrant share constant across two states, the state paying higher 

remittances will see decreased wages across the board. 

We acknowledge the likelihood for endogeneity to arise in this case. Wages in a 

particular area can affect the number and type of immigrants that settle in that area, 

while immigrant demographics in turn alter the local wages. In this scenario, it is 
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difficult to establish a causal relationship. I use Two Stage Least Squares (2SLS) 

methodology to tackle our potential endogeneity issue.  

Table 6: Effects of Immigration on Low-Skill Wages (OLS) 

 (1) (2) (3) (4) (5) 

Variables Basic Labor 
Shocks 

Income 
Shocks 

Location and 
Population 

Characteristics 

State Fixed 
Effects 

      

Immigrant Share 0.230** 0.277*** 0.616*** 4.847*** 2.356* 

 (0.104) (0.105) (0.114) (1.015) (1.302) 

Recession Months  -0.746*** -0.539*** -0.606***  

  (0.148) (0.109) (0.0901)  

Unemployment Rate  -0.0873 0.164 0.153 -0.0285 

  (0.463) (0.325) (0.267) (0.396) 

Average Housing Price   0.0226** 0.0269*** 0.0307*** 

   (0.0106) (0.00848) (0.00871) 

Consumer Price Index   -0.152*** -0.134***  

   (0.0159) (0.0133)  

Educated Worker Share   0.257** 0.107 0.296** 

   (0.128) (0.0888) (0.129) 

Population    0.0382*** 0.0951** 

    (0.00674) (0.0426) 

Remittances*Immigration    -0.213*** -0.119** 

    (0.0462) (0.0555) 

Latitude Zone No No No Yes No 

     

Year Dummies No No No No Yes 

     

State Fixed Effects No No No No Yes 

      

Constant 9.879*** 9.997*** 10.07*** 9.639*** 8.626*** 

 (0.0117) (0.0226) (0.0272) (0.111) (0.589) 

      

Observations 255 255 255 255 255 

R-squared 0.013 0.145 0.484 0.671 0.729 

Number of state     51 

Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

We created and ran regressions with a number of exogenous instruments before 

settling on the use of the immigrant share of state population lagged 20 years. Lagged 

immigrant share qualifies as a valid instrument because it is highly correlated with 

current state-level shares of immigration. We know that migrants tend to settle in 

communities where previous migrants have already established themselves (Dunleavy 

and Gemery, 1977). Figure 3 demonstrates this tendency, showing the strong positive 

correlation between a state's immigrant population lagged 20 years, and the change in 
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immigration over the 20 years since. As you can see, states with large lagged immigrant 

populations have an increased likelihood of having large immigrant populations today. 

Moreover, the lagged immigrant share is an exogenous instrument, one uncorrelated with 

the residual term from the wage regression. This is because it is unlikely that wages in a 

specific place and time will have an impact on the immigrant population in that place 20 

years previous. I now have an exogenous indicator of immigrant share in a location and 

can conduct 2SLS estimation, to avoid the endogeneity problem. 

 

Figure 3: Correlation Between Lagged Immigrant Population and Change Over Time 

 The results of my 2SLS estimation using 20-year lagged immigrant share as an 

instrument are presented in Table 7. I find positive but largely insignificant effects of 

immigration on wages across all skill levels. The insignificance of my estimated 

coefficients suggests one of two things: much of the positive correlation I found earlier 

was indeed the result of endogeneity rather than a causal effect, or the lagged immigrant 

share is not as good an instrument as I thought. I ran into similar significance issues when 

implementing the estimation with other (unreported) instruments, and was unable to 

find an instrument to provide us with conclusive results. Because I could not determine a 

suitable instrument, I believe additional work needs to be done using the 2SLS 

methodology before I can establish a robust conclusion regarding the true causality of 

immigration on wages. I leave the determination of a suitable instrument and the 

conducting of the additional 2SLS estimation to future versions of this study. 
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Table 7: Effects of Immigration on Wages Across Skill Levels (2SLS) 

 (1) (2) (3) 

VARIABLES Annual Wages High-Skill Wages Low-Skill Wages 

    

Immigrant Share 0.882* 0.146 0.331 

 (0.452) (0.300) (0.392) 

Unemployment Rate -0.0847 0.0174 -0.490 

 (0.373) (0.338) (0.417) 

Average Housing Price 0.0335*** 0.0422*** 0.0161* 

 (0.00972) (0.00739) (0.00933) 

Population -0.0225 0.0787* 0.0446 

 (0.0512) (0.0415) (0.0427) 

Year Dummies Yes Yes Yes 

 

State Fixed Effects Yes Yes Yes 

    

Observations 253 253 253 

R-squared 0.448 0.749 0.691 

Number of state 51 51 51 

Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

Finally, I move to the analysis of the impacts of immigration on native employment. 

Yet again, there are plausible explanations for immigration having either a positive or a 

negative effect on native employment. There is the same potential for complementarity 

that we saw in my discussion of the wage effects of immigration. This complementarity 

and the resultant specialization effect would increase the number of available jobs leading 

to an increase in natives being employed. In contrast, immigration could have a negative 

impact on native employment because of the increased labor supply. Assuming that the 

number of jobs is constant, that firms are not attracted to the increased labor force, and 

that specialization does not occur, then the existing jobs will be allocated among natives 

and immigrants by some combination of skill and random luck. If this is the case, it 

follows that native employment will fall because at least some of the fixed number of jobs 

will be transferred to immigrants. 

The results of my OLS estimation of this model can be found in Tables 8, 9, and 10, 

arranged by total native employment, high-skill native employment, and low-skill native 

employment, respectively. Several coefficient estimates stand out immediately. Each 

model reports a positive and significant effect of immigrant share on native employment 

until I control for state characteristics beginning in the regression specification reported 

in column (4), at which point the sign changes. At first glance, it may seem that my model 

was simply underspecified until that point and the more accurate impact of immigrant 

share is the one reported in regressions (4) and (5). However, I do not think this is the 

case. Nor is it the case that the specifications in columns (4) and (5) are over-specified 

and report inaccurate estimates. Rather, I believe that the estimated coefficients in 
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columns (3) and (4) simply present different effects. In controlling for both state 

education and population in column (4), I essentially control for total labor supply. 

Adding in a control for wages means I have pegged the intersection of labor supply and 

labor demand at a certain point (corresponding to a particular wage level). As a result, the 

market captured by the regression specification in column (4) has a fixed number of jobs 

and the only source of variation left for model identification is the composition of the 

labor force. In this case, it is obvious that increasing the immigrant share of the labor 

force will lead to a decrease in native employment. In this way, regression (4) simply 

captures a substitution effect of immigration. 

Table 8: Effects of Immigration on Native Employment (OLS) 

 (1) (2) (3) (4) (5) 
VARIABLES Basic Labor 

Shocks 
Income 
Shocks 

Location and 
Population 

Characteristics 

State Fixed 
Effects 

      
Immigrant Share 5.750*** 5.720*** 5.368*** -1.293*** -1.430*** 
 (0.868) (0.872) (1.458) (0.0569) (0.0743) 
Annual Wages   0.596 0.0881*** 0.0349 
   (0.695) (0.0332) (0.0382) 
Recession Months  0.558 0.973 0.0471  
  (0.941) (1.034) (0.0455)  
Average Housing Price   -0.235** -0.0204*** -0.00320 
   (0.114) (0.00528) (0.00390) 
Consumer Price Index   0.354** 0.0605***  
   (0.158) (0.00910)  
Educated Worker Share    0.185* -0.0497 
    (0.105) (0.0926) 
Population    0.996*** 0.987*** 
    (0.00340) (0.0166) 
Latitude Zone No No No Yes No 
     
Year Dummies No No No No Yes 
     
State Fixed Effects No No No No Yes 
      
Constant 13.54*** 13.46*** 7.238 -1.121*** -0.419 
 (0.0823) (0.168) (7.044) (0.321) (0.355) 
      
Observations 255 255 255 255 255 
R-squared 0.138 0.139 0.157 0.998 0.997 
Number of state     51 

Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 

On the other hand, regression (3) leaves many of the above labor market controls out. 

This allows the model to account for fluctuations in the number of jobs available as well 

as in the composition of the labor force. In this way, the model specified in column (3) 

captures potential complementarity effects of immigration in addition to the substitution 

effects. That this nets out to be large and positive is evidence of an overwhelming 

complementarity effect that more than outweighs the substitution effects of immigration. 
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In short, I find that the net native employment gains more than make up for the losses 

when considering increased immigration. 

Another point of interest resulting from the study's employment regressions is the 

nearly one-to-one ratio between an increase in population and an increase in employment 

across each skill level. This coefficient makes intuitive sense given the data set 

construction: all of the population data from the Basso-Peri data set is limited to 

individuals ages 18-64. It follows then that an increase in the population variables results 

in an increase in employment because I am increasing the number of workers rather than 

the general populace.  

Table 9: Effects of Immigration on High-Skill Native Employment (OLS) 

 (1) (2) (3) (4) (5) 

VARIABLES Basic Labor 
Shocks 

Income 
Shocks 

Location and 
Population 

Characteristics 

State Fixed 
Effects 

      
Immigrant Share 8.496*** 8.400*** 4.172*** -0.384* -1.719*** 

 (0.840) (0.842) (1.482) (0.231) (0.328) 

High-Skill Wages   2.766*** -0.333*** 0.0346 

   (0.738) (0.121) (0.108) 
Recession Months  1.767* 3.056*** 0.169  

  (0.974) (1.060) (0.176)  

Average Housing Price   -0.350*** -0.0624*** 0.00188 
   (0.117) (0.0216) (0.0100) 

Consumer Price Index   1.055*** 0.351***  
   (0.171) (0.0372)  

Educated Worker Share    1.522*** -0.0496 
    (0.405) (0.179) 

Population    1.009*** 0.840*** 
    (0.0135) (0.0641) 

Latitude Zone No No No Yes No 
     

Year Dummies No No No No Yes 
      

State Fixed Effects No No No No Yes 
      

Constant 12.60*** 12.34*** -16.98** 1.584 0.318 
 (0.0840) (0.179) (7.677) (1.192) (0.875) 

      
Observations 255 255 255 255 255 

R-squared 0.248 0.257 0.384 0.980 0.992 
Number of state     51 

Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
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Table 10: Effects of Immigration on Low-Skill Native Employment (OLS) 

 (1) (2) (3) (4) (5) 

VARIABLES Basic Labor 
Shocks 

Income 
Shocks 

Location and 
Population 

Characteristics 

State Fixed 
Effects 

      

Immigrant Share 2.949*** 2.959*** 4.830*** -2.267*** -1.975*** 

 (0.952) (0.955) (1.266) (0.118) (0.205) 

Low-Skill Wages   0.197 0.114** 0.156** 

   (0.702) (0.0533) (0.0680) 

Recession Months  -0.178 0.789 0.0581  

  (0.995) (1.083) (0.0787)  

Average Housing Price   -0.238** -0.0143 -0.0309** 

   (0.116) (0.0106) (0.0118) 

Consumer Price Index   0.0524 -0.194***  

   (0.187) (0.0169)  

Educated Worker Share    -0.642*** -0.492 

    (0.137) (0.392) 

Population    1.008*** 1.029*** 

    (0.00632) (0.0601) 

Latitude Zone No No No Yes No 

     

Year Dummies No No No No Yes 

     

State Fixed Effects No No No No Yes 

      

Constant 13.00*** 13.03*** 11.12 -1.643*** -2.462*** 

 (0.0880) (0.176) (7.075) (0.521) (0.815) 

      

Observations 255 255 255 255 255 

R-squared 0.036 0.037 0.080 0.994 0.938 

Number of state     51 

Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

Comparing Tables 9 and 10 gives us interesting, if somewhat predictable, insight into 

which worker types are most affected by immigration, and provides support for my earlier 

complementarity hypothesis. Recalling that the regression specification in column (4) of 

each table reports the substitution effect of immigration on native labor, we see that high-

skill native workers experience this effect much less drastically than their low-skill 

counterparts. The substitution coefficient of high-skill labor is a fraction of that of low-

skill, and the high-skill estimate is nearly insignificant. This difference carries with it two 

important implications. First, immigrants tend to low-skill jobs upon arrival, resulting in 

significant displacement of native low-skill labor. Second, because immigrants tend 

towards low-skill jobs, there is at least an opportunity for complementarity to take place. 

It is unclear from these results whether this complementarity takes place in actuality, but 

knowledge of these immigrants' tendencies gives the idea plausibility. 
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We again recognize the likelihood for endogeneity here. Immigrants are likely 

attracted to areas with high employment levels, while employment opportunities will be 

impacted by the number of immigrants in an area. As a result, I employ the 2SLS 

methodology using again my 20-year lagged immigrant share as an exogenous 

instrument. The results are presented in Table 11, using the model specification with year 

dummies and state level fixed effects. My 2SLS specification provides us with negative 

and significant effects of immigration on native employment across skill levels. I report 

only the substitution effect here and do not allow for the complementarity that I expressed 

in the OLS regressions. It is likely a result of separating out this substitution effect that 

we see such large negative values. 

Table 11: Effects of Immigration on Native Employment Across Skill Levels (2SLS) 

 (1) (2) (3) 

VARIABLES Native Employment High-Skill Native 
Employment 

Low-Skill Native 
Employment 

    

Immigrant Share -1.737*** -2.022*** -1.637*** 

 (0.128) (0.432) (0.312) 

Annual Wages 0.0413   

 (0.0319)   

High-Skill Wages  0.0231  

  (0.0961)  

Low-Skill Wages   0.168** 

   (0.0668) 

Average Housing Price 0.000630 0.00527 -0.0343*** 

 (0.00387) (0.0105) (0.0115) 

Educated Worker Share 0.00642 0.0231 -0.581 

 (0.0697) (0.209) (0.487) 

Population 1.015*** 0.876*** 1.003*** 

 (0.0188) (0.0567) (0.0613) 

Year Dummies Yes Yes Yes 

 

State Fixed Effects Yes Yes Yes 

    

Observations 253 253 253 

R-squared 0.996 0.992 0.936 

Number of state 51 51 51 

Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

VI. CONCLUSION 

 Immigration policies represent one of the most delicate and contentious topics 

debated throughout the world. The dramatic increase in cross-border migration observed 

in the last few decades has generated significant interest among economists to understand 
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the main economic implications of immigration for host countries. This study contributes 

to this debate by examining the effect of U.S. immigration on local labor markets. 

 According to my data and model estimation, it seems many of the negative impacts of 

large scale immigration have been grossly exaggerated. In many cases, I find significant 

evidence of positive correlation between immigration and the economic outcomes of 

interest, educational attainment, wages, and native employment. Much of the positive 

correlation appears robust, holding statistical significance as I control for skill level and 

even in my most restrictive regressions. I recognize areas for further work to be done, in 

particular identifying suitable instruments for use in my 2SLS regressions, however my 

results at this time provide no empirical support for, and indeed contest, the majority of 

the pessimistic narratives surrounding the ever-increasing rate of global migration. 
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Magical Girl Martyrs: Puella Magi Madoka Magica and 
Purity, Beauty, and Passivity 

Tate James, Comparative Literature* 

ABSTRACT 

The Japanese animated television show (or “anime”), Puella Magi Madoka Magica, has 

garnered significant popularity. Anime fans and critics alike often hail the show as a 

progressive criticism of the magical girl genre. Indeed, the show gives its female 

characters complex, nonlinear narratives, breaking down the dichotomy between 

innocent young girls and evil old women that is prolific within the magical girl genre. 

While Madoka Magica does make important headway in the realm of dismantling harmful 

female archetypes, the moral judgments the show assigns to those archetypes, coupled 

with the regressive ways in which it represents female agency, problematize such a 

positive reading. In order to address this issue, I will briefly examine the history of 

magical girl anime, locating Madoka Magica within its generic tradition. I will perform a 

close reading of the show through a feminist critical perspective in order to assess the 

way that the elements of the show critics have cited as progressive function within its 

broader narrative, especially in relation to female purity and agency. I argue that Madoka 

Magica’s revolutionary potential is stifled by the fact that it demonizes impurity at the 

same time as it portrays impurity as almost inescapable, ultimately suggesting that the 

only acceptable strategy for girls is to be completely passive in order to remain pure. 

 

INTRODUCTION 

Puella Magi Madoka Magica’s Mami Tomoe is the perfect magical girl. She is the 

other girls’ ultra-competent, beautiful mentor: she is completely self-sufficient (despite 

only being about fourteen years old), wears her hair in ribbon-bound ringlet pigtails, is 

clad in a miniskirt and tights, and defeats her enemies with an easy grace. It is shocking, 

then, when seconds after she believes she has defeated her most recent enemy, its corpse 

transforms into a smiling, sharp-toothed monster and swallows her whole.  

If one were to ask a Puella Magi Madoka Magica (hereafter Madoka Magica) fan 

when the series hooked her, she would probably reply that it was during this scene. Until 

this moment, the show adhered rigorously to the tropes of the magical girl genre: young 

girls transform into magical versions of themselves in be-ribboned and be-ruffled 
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costumes and fight nonhuman enemies with sparkly weapons. Introducing death to the 

narrative in any capacity is, therefore, shocking. Madoka Magica continues to reinforce 

this twist as the girls die one by one, some of them even committing suicide. While other 

magical girl shows focus on positive, albeit fantastically unrealistic, female 

empowerment, Madoka Magica breaks this mold by punishing and disempowering its 

characters. Critics like Lien Fan Shen, Sarah Cleto, Erin Ball, and others, contend that the 

show’s deconstruction of the long-standing magical girl tradition—dichotomizing 

innocent young girls against evil old women—coupled with its innovative use of complex, 

non-linear storytelling, cements the show as a progressive one. The end of the series, 

however, problematizes such a positive interpretation. In contrast to the general critical 

consensus, I seek to demonstrate here that Madoka Magica’s revolutionary potential is 

ultimately harnessed for a regressive vision of female purity and passivity. Although the 

show does indeed interrogate problematic female archetypes, it does so to troubling 

ends—condemning its characters for the impurities it assigns to them. The end result is 

the suggestion that girls should be passive in order to remain pure in the face of an 

overwhelmingly oppressive system, even if it costs them their lives.   

I will address these issues by examining the history of the mahou shoujo (magical girl) 

anime (Japanese animation) genre and the tropes therein. Akiyuki Shinbo’s Madoka 

Magica was released two decades after the magical girl genre was firmly established as a 

sizeable offshoot of the broader shoujo (girl’s) genre of anime and manga (Japanese 

comics, which are tied closely to anime). Given that, it is important to examine the way 

the anime uses those tropes in relation to their history. I will also approach the anime 

from a positive critical perspective (namely, through Cleto, Bahl, and Fan Shen) in order 

to assess its triumphs. Lastly, I will use a feminist perspective to examine elements that 

critics have identified as progressive, and assess the way these elements function within 

Madoka Magica’s broader narrative in relation to female agency and purity. For the 

purposes of this paper, “progressive” refers to positive representation for girls and women 

that pushes against the traditionally misogynistic, flat, passive depictions that they are 

often afforded. “Regressive” refers to representations that either do not push against the 

status quo of female representation, or actively move backward toward more traditional 

modes. I address the question: To what extent does female action have meaning, and how 

is purity positioned within the show’s moral framework?  

MAGICAL GIRLS: BACKGROUND 

Although the magical girl (mahou shoujo) genre did not coalesce until Naoko 

Takeuchi’s Pretty Soldier Sailor Moon (Sailor Moon) was released in 1992, “fierce but 

beautiful female warriors” have existed in Japanese animation since the 1960s (Allison 

129). This long anime tradition of pretty soldiers like Sailor Moon includes young girl 

protagonists (often in middle school) who use magical objects to transform into hyper-

feminine versions of themselves in colorful be-ribboned and be-ruffled dresses. Magical 

girl anime relies on multiple female characters; it is rare for magical girls to fight alone. 
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Most significantly, works in this genre have historically been created by women and 

intended for young girls. Sailor Moon’s creator, Naoko Takeuchi, for instance, is a 

woman; similarly, Cardcaptor Sakura was created by CLAMP, an all-female manga and 

anime team.   

Female creative control, however, does not automatically lead to the production of 

feminist masterpieces. Lien Fan Shen “attempts to complicate the idea that shoujo 

heroines are de facto female empowerment in magical girl anime,” arguing that “while 

this direction of argument is accurate to a certain extent, it may bypass the complexities 

of magical girls who function as empowerment and yet are a product for consumption” 

(187). And indeed—how can magical girls empower women if their ultimate function is to 

be consumed? Narrative is almost always of secondary importance to magical girl shows, 

as the genre has often been a commercial vehicle for tie-in toys and merchandise. The 

genre-defining magical weapons, for example, are easily commoditized for fan 

consumption (Rusca 1). Moreover, magical girls visually embody this function: they are, 

without exception, excessively cute. Thus mahou shoujo offers an especially narrow 

avenue of empowerment. In order to be powerful, the genre suggests, girls must also be 

adorable or beautiful. This allows them to remain non-threatening and thus palatable to 

mainstream audiences. The result is a parade of defanged girls who have significant 

agency but ultimately do not threaten patriarchal norms. This over-performance of 

physical femininity compensates for the ways in which magical girls aberr from femininity 

in other ways: they are permitted their accomplishments and triumphs so long as they 

unerringly appeal to mainstream beauty standards. Significantly, this is one of the few 

tropes that Madoka Magica does not address. All of the characters in the show are 

excessively cute, and this cuteness is never drawn attention to or called into question. 

Rather, it is portrayed as a natural aspect of the mahou shoujo universe—of course girls 

should be cute, regardless of how else they might transgress gender boundaries.  

Magical girl anime further waters its messages down by upholding stereotypes 

surrounding innocent young girls and evil older women. Kathryn Hemmann cites Kotani 

Mari’s argument that in many Japanese science fiction novels, girls tend to be defined by 

their sexual availability to men. Young women are portrayed as pure-hearted and sexually 

inexperienced, while older women are experienced but unavailable—and therefore 

literally monstrous. Hemmann argues that this trend was carried from science fiction into 

magical girl anime and manga (57). In Sailor Moon, for example, Sailor Moon is the 

“pretty soldier in a sailor suit [Japanese school uniform],” and is often referred to as 

“pure-hearted.” She fights mature, scantily clad, busty, anthropomorphic female 

monsters—and defeats them by “cleansing” or “healing” them. Thus the show literally pits 

pure young girls and sexualized older women against one another, demonizing the latter 

group by positioning them as literal monsters and villains. The influence of seminal 

magical girl works like Sailor Moon can be seen in later shows, such as Cardcaptor 

Sakura (1998) and Day Break Illusion (2013), in which young girls are also pitted against 
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mature, sexualized monster women. The trope is prolific—it is difficult to find a magical 

girl piece that does not contain a binary between innocent girls and mature women. 

The fact remains, however, that magical girl anime is one of few genres that directly caters 

to women. Many female fans find magical girl anime empowering, citing the girls’ purity 

and cute outfits as encouraging specifically because they are so feminized (Hemmann 15).  

Lianne Sentar describes her personal experiences with Sailor Moon, writing: “Sailor 

Moon combined the aspects of power I had always coded as masculine with the power of 

female desire,” arguing that the way powerful female characters move the show’s plot 

while male characters like Tuxedo Mask are relegated to the sidelines is indicative of a 

“female gaze” (8).1 Sentar’s outsider status as an American allows her to shed light on the 

global significance of female agency and perspective in Sailor Moon. Young girls are not 

forced to look at the world through a man’s eyes when watching the series; rather, the 

magical girl universe shows them powerful, beautiful, and, most importantly, relatable 

girls triumphing against seemingly impossible odds. When watching most magical girl 

shows, one cannot shake the feeling that one has entered a world that is first and foremost 

concerned with women; men are permitted (and even encouraged) to spectate, but they 

are afforded no more influence than that. 

PUELLA MAGI MADOKA MAGICA 

Madoka Magica consciously positions itself within the magical girl tradition. In the 

show, cute, color-coded Magical Girls (hereafter capitalized to avoid confusion between 

the show’s Magical Girls and magical girls as a broader category) fight against witches, 

who enshrine themselves in labyrinths—enormous, fantastical spaces that the girls must 

battle through to reach the witches at the center. When witches are defeated, they leave 

“grief seeds” behind, which Magical Girls use to purify their own “soul gems.” The soul 

gems literally contain Magical Girls’ souls; when the girls despair, their gems are filled 

with darkness, and they must purify them in order to survive. Occasionally, they must 

also fight “familiars,” beings similar to witches that do not leave grief seeds behind but 

which will become witches if they take enough lives. The show’s protagonist, Madoka 

Kaname, spends almost the entirety of the show grappling with the decision whether or 

not to become one of these super heroines as she watches her Magical Girl friends, 

Homura, Sayaka, Mami, and Kyoko, from the sidelines. 

While many other magical girl shows give their heroines unique names (like Sailor 

Moon’s “sailor soldiers”), Madoka Magica simply refers to its protagonists as “Magical 

Girls.” This prevents the viewer from perceiving Madoka Magica as simply an 

interpretation or expansion of the magical girl genre—one understands that the show is 

addressing its genre directly. Furthermore, one cannot be immersed in Madoka Magica’s 

world without thinking about the magical girl genre because its name is repeated within 

the show’s diegesis over and over again. Thus the show positions itself as being, if not 

deconstructive, interrogative; its aberrations from the magical girl genre should be 

interpreted not as expansions, but as critiques.  
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Madoka Magica makes an incisive critique against the flat, shallow depictions of 

women and girls that are common in the genre. These critiques are located in its depiction 

of witches, their labyrinths, and their relationship to the Magical Girls. Each witch’s 

labyrinth is unique, and is composed of a series of opaque, but interrelated symbols that 

the witch uses to protect herself from her enemies. Calling the witches’ labyrinths 

“narrative spaces they control,” Cleto and Bahl argue that the labyrinths are more than 

physical spaces—they are complex, nonlinear narratives. They write that Madoka 

Magica’s “witches can simultaneously reshape their environment and create a powerful 

statement about identity through personalized performance” (1), and that “the labyrinths 

are too complex to afford a one-to-one correlation between symbol and interpretation; 

their objects’ richness lies in their ambiguity and their ability to evoke rather than signify 

absolutely” (7). They specifically reference Sayaka’s (or, as a witch, Oktavia’s) labyrinth, 

arguing that because the viewer knows Sayaka’s story, the elements of her labyrinth are 

especially meaningful (even if they are ambiguous). This kind of storytelling is unique 

within the magical girl genre; magical girls are rarely given the means to express 

themselves in such three-dimensional and personalized ways.   

Madoka Magica also attempts to destabilize the dichotomy between innocent young 

girls and impure adult women. Fan Shen argues that the show  

“defies the binary representation of princesses and witches that takes 

representation of women for granted, breaking the signifying chain of animation 

representations of women: princesses versus witches, good versus evil, young 

versus old, pretty versus ugly, and sweet versus furious” (185).  

The show first appears to uphold this traditional dichotomy: the witches are animated 

in a collage style different from the rest of the series’ animation. This emphasizes the 

supposed difference between witches and magical girls. The late revelation that all witches 

were once Magical Girls and that all Magical Girls will inevitably become witches is not 

only shocking, but also effective. The viewer is forced to reconsider her assumption about 

the witches, an assumption that the show has consciously shaped by delineating so 

sharply between witches and Magical Girls. The Magical Girl/witch dichotomy is 

evocative of gendered dichotomies in other works within the genre, like Sailor Moon and 

Magical Girl Lyrical Nanoha. The viewer is thus encouraged to reflect upon these 

broader dichotomies. If one does take the time to reflect, it becomes apparent that 

Madoka Magica’s witches were never especially separate from Magical Girls after all: 

from the beginning, most of the labyrinths have contained a mixture of girlish and 

macabre imagery. Gertrud, the show’s first witch, is so bulbous and globular that Sayaka 

calls her “disgusting” when she first sees her; however, most of the witch’s actual body is 

made of a rose bush, which is typically a beautiful feminine symbol. The labyrinth itself 

contains roses with stems that look exactly like barbed wire, further blurring the line 

between girlish and sinister. At first glance, the roses juxtaposed against the barbed wire 

and Gertrud’s body makes her seem abjectly grotesque, because, according to the binary 

representations that Fan Shen refers to, innocence and wickedness are diametrically 



Oregon Undergraduate Research Journal James 

Volume 11 Issue 1 Spring 2017  42 
 

opposed to one another. But the revelation that witches and magical girls are inextricably 

linked—that one girl can be both a magical girl and a witch in her lifetime—complicates 

Gertrud’s supposed abjection.  

Moreover, Madoka Magica’s magical girls are not especially pure, even before they 

become witches. They only transform into witches when their soul gems become 

completely corrupted—and, as Homura says in episode nine, becoming a witch is every 

magical girl’s “inescapable fate.” If becoming a witch is inescapable, then all magical girls 

must be, by merit of their identity, corrupt at some level. The only way to stave off 

complete corruption is to become selfish and cruel: Homura says that “girls like” Kyoko, 

the harshest and cruelest girl in the series, “are most suited to be[ing] magical girls” 

because it takes them longer to succumb to despair. Kyoko repeatedly exhibits cruelty, 

attacking Sayaka for her perceived weakness, and literally trying to kill her. Because 

witch’s familiars do not drop grief seeds, but turn into dangerous, full-blown witches 

when they have murdered enough people, Kyoko waits for them to evolve before she 

defeats them, then uses the grief seeds to stave off her soul gem’s corruption. Her purity, 

then, comes directly at the cost of human lives. Kyoko’s callousness is shocking; one does 

not expect such a blasé approach to death from a middle school-age girl. The impact of 

Kyoko’s personality contributes to the destabilization of the Magical Girl/witch 

dichotomy by calling traditional magical girl notions of purity into question. If Kyoko can 

remain “pure” only by permitting atrocities, then what, exactly, does “purity” even mean?  

The disparity between Kyoko’s personality and the constructed purity of her soul gem 

defamiliarizes the purity/impurity binary by drawing attention to their construction. 

Further, the show’s approach to purity mirrors Judith Butler’s perception of gender as 

being “in no way a stable identity or locus of agency from which various acts proceed” 

(Butler 519). Like Butler’s conception of gender, purity has absolutely nothing to do with 

identity at all. Significantly, purity (especially in the context of the magical girl genre) is a 

particularly gendered construction. If the traits associated with femininity are merely 

constructed, then what does that mean for femininity as a whole? Moreover, the fact that 

Magical Girls can technically embody female-coded purity at the same time as they enact 

taboo and even male-coded traits, calls the construction of gender itself into question.2 

The show also positions cruelty as a survival strategy, emphasizing the impossibility 

of living up to the standards of feminine innocence. Against her better judgment, Kyoko 

eventually comes to care about Sayaka—but because she cares about her so much, she 

kills herself in the battle against her friend’s witch-form, thereby directly connecting her 

compassion with death. Thus impurity, whether physical or not, is inescapable: either 

Magical Girls’ soul gems are tangibly infected with corruption, or they hurt others, 

thereby corrupting themselves in a more abstract but nevertheless significant way. 

Madoka Magica restructures the familiar figure of the magical girl, suggesting that 

innocence and witch-like wickedness are not so separate after all—which in turn critiques 

dichotomous readings of feminine identity.  
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Although Madoka Magica destabilizes the pure/impure dichotomy, it does absolutely 

nothing to question the moralism inherent to that dichotomy. In fact, it reinforces it, 

suggesting that the girls should resist the literally inescapable pull of corruption even if it 

means they must suffer and die. Kyoko’s sacrifice is portrayed as heroic—the fact that she 

dies because she is caught in the throes of an unjust system takes the backseat to the fact 

that that willingness, according to the show, is character development. The most 

resounding endorsement of purity comes at the end of the series when Madoka ascends 

to godhood and changes the structure of the universe so that there have never been and 

will never be any witches ever again. In Madoka’s new world order, corruption literally 

leads to death. The show frames this as a happy, if bittersweet, ending. Before she dispels 

the final witch, Walpurgisnacht, Madoka appears to her glowing—enshrined in pink 

sparkles, hands open and arms outstretched. The image is reminiscent of Christian 

depictions of angels and saints, suggesting that the destruction of witches—and all of the 

impurity associated with them—is so good that it is literally holy. Madoka is depicted 

similarly in the montage that follows, benevolently greeting Magical Girls that have been 

consumed with corruption and helping them disappear before they can transform into 

witches (the show gives no more exposition than that; whether the girls die when they 

“disappear” is unclear). Thus Madoka Magica condemns girls for their impurity at the 

same time as it represents that impurity as inescapable: better to die, the show suggests, 

than to let oneself become corrupted. 

Madoka’s erasure of past and present witches also has regressive implications for 

female agency. Nothing the characters have done over the course of the show means 

anything—before Madoka’s godhood, Homura goes back in time again and again to 

prevent Madoka from becoming a magical girl, but Madoka becomes one anyway in every 

single timeline. Often, happiness is snatched away the moment it is achieved: Mami dies 

moments after experiencing the first time she’d “ever felt so happy in a fight;” Sayaka 

becomes a magical girl in order to give the boy she loves the ability to play music again, 

but her friend confesses her love to him before she can. When Homura finally does rescue 

Madoka from dying as a witch, she discovers that Madoka will now “exist only as a 

concept” and she will never be able to speak to her again. Significantly, each instance of 

stolen happiness occurs after the culmination of hard work (Homura’s time travel, for 

instance)—the fact, then, that that happiness never lasts longer than a moment or two 

reinforces the meaninglessness of the girls’ actions. Moreover, when Madoka erases the 

existence of witches, they are replaced by wraiths, and the Magical Girls must continue to 

fight anyway. Thus even the most meaningful moment of female agency in Madoka 

Magica—after all, Madoka “unravel[s] the fabric of time itself,” which is no small feat—

has little tangible effect upon her world, serving only to reaffirm passivity. Furthermore, 

Cleto and Bahl write:  

As witches, the girls had power, creativity, individual expression, and 

embodiment in the midst of their despair, the power to shape the world around 

them with their assembled story-worlds; with Madoka’s new system, however, 
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even that ambiguous power and creativity is denied them, and they are literally 

wiped out of existence. In taking the magical girls’ despair upon herself, Madoka 

has not saved them; she has trapped them further by ensuring their complete 

erasure the moment hope or magic fails, and sapping all creative embodied power 

from their grief (10). 

The fact that, again, the show frames Madoka’s ascension to godhood as a happy 

ending suggests that passivity is a good thing; witches do not deserve the power of self-

expression through their labyrinths. Furthermore, in the show’s final episode, Madoka 

repeatedly affirms the importance of hope. She tells the other magical girls to “keep 

believing” in themselves “to the very end,” and Mami says that Madoka is “becoming hope 

itself.” Significantly, hope is not an action; it is an emotion, and it is therefore inherently 

passive. Thus Madoka utilizes her position as a god—which gives her the utmost material 

and moral authority—to sanctify and encourage passivity. The result is a resounding 

endorsement of passivity overall: if magical girls are always, without fail, punished for 

exhibiting any kind of agency, then the best they can hope for is that they will be punished 

a little less for doing nothing.  

CONCLUSION 

Madoka Magica does not shed light on existing magical girl narratives—rather, it has 

created a new system. Given that magical girl anime has such a strong history of 

representing powerful, active women, the complete lack of female agency in the show is 

actually regressive. Moreover, it bears repeating that mahou shoujo’s target audience is 

young girls—the fact, then, that Madoka Magica encourages passivity and affirms 

suffering as not only an inescapable aspect of life for girls but also a moral imperative, is 

problematic at best and deeply harmful at worst. Although the show does destabilize the 

popular narrative dichotomy between innocent young girls and evil old women, it 

nevertheless condemns the latter category, suggesting that the only acceptable strategy 

for girls is to sit still, look pretty, and hope for the best. 
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NOTES

1 Here, Sentar probably references Laura Mulvey’s theory of the “male gaze,” from her seminal essay, “Visual Pleasure 

and Narrative Cinema.” According to Mulvey’s theory, most (Western) cinema is produced with the assumption that 
viewers are heterosexual men; men are thus encouraged to identify with the film’s male subject, while women are 
reduced to passive objects to be conquered, consumed, or destroyed. Although Sentar perhaps oversimplifies the 
complexities of Mulvey’s argument, it is nevertheless relevant that the male gaze does not exist in quite the same way 
in magical girl anime as it does in Western cinema. In most magical girl works, there is no male subject at all; thus the 
way that women and girls function within magical girl narratives simply does not follow the same pattern, yet Sentar’s 
sentiment makes it clear that the show progresses with a strong female perspective. 
2 The connection between gendered dichotomies and their construction was derived from Judith Lorber’s essay, 

“‘Night to His Day’: The Social Construction of Gender,” and Michel Foucault’s History of Sexuality. Although their 
work cannot be put directly in dialogue with Madoka Magica itself because they specifically focus upon male/female 
dichotomies (rather than smaller dichotomies within gender categories), they nevertheless provide an integral frame 
through which to consider the artifice of gendered binary systems. 
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ABSTRACT 

Changes in land use, agriculture, and the introduction of invasive species have left 

prairies of the Pacific Northwest at risk of exacerbated disturbance as a result of changes 

in climate. A shift in phenology—the timing of biological events (e.g., flowering)—is one 

of the projected consequences of climate change for many plant species, which may lead 

to disruptions in community structure such as mismatches in timing of plant-herbivore 

and plant-pollinator interactions. Shifts and disruptions among prairie species in the 

Pacific Northwest as a result of climate change are generally unknown. Thus, we 

examined timing of flowering and seed set under three experimental climate treatments 

in Selma, Oregon. Treatments included: a control, a 2.5°C increase in temperature, and 

a 40% reduction in rainfall to mimic extreme drought. From 20 March to 27 May 2016, we 

visited the climate plots weekly and recorded the abundance of flowering plants and the 

number of flowers each plant produced for 15 native grass and forb species. Only three 

produced sufficient flowers to analyze. Sidalcea malviflora ssp virgata, an endemic 

perennial forb species, flowered earlier but produced fewer plants and flowers per plant 

in the heated treatments. Navarretia pubescens and Clarkia purpurea, two annual forb 

species, trended towards flowering earliest in the heated plots, but this was not 

statistically significant. Continued data collection over the next several years will enable 

parameterization of a model to predict these plants’ responses to projected climate 

change, including their predicted future distributions and their annual growth timeline.
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1. INTRODUCTION 

In a region of the country known best for its old-growth forests, snow-capped 

mountains, and raging rivers, it may seem unexpected for an assortment of often ignored 

upland prairies to be a primary source of insight regarding the impacts of our changing 

climate on the native grass and forb species in the Pacific Northwest. Prairies are common 

between the Coast and Cascade Ranges, and their vulnerability to climate change makes 

them a favorable place to conduct climate manipulation experiments to examine the 

implications of predicted changes in temperature and precipitation on the native plants 

that reside there (Sala et al. 2000). During the twentieth century, the average temperature 

in the Pacific Northwest increased 0.7°-0.9°C (Mote 2003). The regional climate 

predictions for the Mediterranean climate zone of the Pacific Northwest show that there 

are likely to be increasingly warmer temperatures year-round and less precipitation in the 

already dry summer months (Mote and Salathe 2010). This directly influences plant 

phenology because temperature and precipitation are the two main drivers behind a 

plant’s life cycle (Walther 2002). 

Plant phenology—the timing of different stages of the plant life cycle including 

germination, flowering, fruiting, and senescence—is one of the most tangible ways to 

track and record the impacts of temperature and precipitation change (Walther 2002). In 

Mediterranean zones, precipitation levels impact plants at the beginning of their life cycle 

while temperature acts as a limitation for growth (Gordo and Sanz 2010). As the plants 

progress through their life cycle so does the season around them and by the time the 

plants begin to mature, the dry season arrives, allowing for temperature and sunlight to 

increase and for maximum photosynthesis to occur (Gordo and Sanz 2010). During the 

dry season, precipitation replaces temperature as the limiting growth factor (Gordo and 

Sanz 2010). As primary producers for most ecosystems, any changes made to the timing 

of the plant life cycle is likely to have cascading impacts through all trophic levels placing 

increased pressures on interspecies relations (Parmesan 2006, Memmott et al. 2015, 

Gezon 2016). 

Plant-pollinator interactions have the potential to become mismatched as a result of 

an independent alteration of a plant’s phenological cycle (Forrest 2015). These 

asynchronicities can be found in circumstances when the flowering season of a specific 

plant fails to align with the active season of the pollinators that it has co-evolved with, 

potentially decreasing the population of one or both species (Memmott et al. 2015). In 

one hypothetical model, a threat of a loss in food supply of 17-50% has been predicted for 

pollinators due to half of their historically observed period of activity occurring when 

there are no longer any flowers present (Memmott et al. 2015). However, these responses 

are extremely situational, each depending on specific interactions between species and 

locations. In a recent study on Claytonia lancelota, a perennial herb, Gezon (2016) 

showed that the risk of plant phenology shifting forward has little effect on pollinator 

interactions, but increases the plant's vulnerability to freezing. 
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Why study prairies of the Pacific Northwest, given that climate change is happening all 

around the world? Mediterranean grasslands often host desirable conditions for 

biodiversity and endemism due to their rich soil nutrient levels as well as their flat 

geography (Salinas et al. 2000). However, these same characteristics make upland 

prairies an ideal place for large-scale agricultural production and urban industrialization, 

often leading to habitat fragmentation and improper burning regimes. In the Pacific 

Northwest specifically, 99% of the prairies that have existed historically in the region are 

now gone primarily as a result of changes in land use (Noss et al. 1995). 

Constant human disturbance in the region exacerbates the threats associated with 

changes to weather patterns, putting Mediterranean prairies (such as the ones included 

in this project) at some of the highest risk of being impacted by climate change (Sala et al. 

2000). In fact, climate change is predicted to surpass land disturbance in terms of risks 

to biodiversity loss within the next century (Pereira et al. 2010). Considering the notable 

amount of human-induced disturbance upland prairies have experienced, these 

Mediterranean ecosystems are an important resource for specific case studies regarding 

the impacts of climate change upon their inhabitants.  

To further understand these consequences on a local level, we worked alongside 

members of the HOPS (“Heating of Prairie Systems”) project funded by the National 

Science Foundation MacroSystems Biology Program. The HOPS project is a long-term 

study examining the impacts of climate change on the demography, phenology and overall 

fitness of fifteen species of grasses and forbs native to prairies in the Pacific Northwest. 

Plant responses are being measured at three experimental sites, each highlighting a 

different level of temperature and drought severity from central Washington down to 

southern Oregon. At each site three “climate treatments” are implemented, including: 

reduced rainfall (“drought”), increased temperature (“heated”), and a control (Pfeifer-

Meister et al. 2013). There were three objectives for our study: to understand the effect of 

differing “climate treatments” relative to a control on A) the timing of flowering, B) the 

overall green biomass using Normalized Difference Vegetative Index (NDVI), and C) the 

number of flowers as a proxy for reproductive fitness of each species. Specifically, we 

hypothesized the following: 

H1) Due to an increase in temperature, native plants in heated plots will flower 

earlier than those in the drought or control plots.  

H2) Due to a decrease in soil moisture, native plants in drought and heated plots 

will develop seed and senesce earlier than control plots.  

H3) Green biomass (NDVI) will peak and senesce earlier for heated plots due to 

the increase in temperature.  

H4) Green biomass will have an abbreviated growing season in the drought 

treatment due to a decrease in soil moisture.  
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Despite the vulnerability of prairie habitats, there has been surprisingly little research 

done on the subject within the Pacific Northwest, and specifically in southern Oregon. 

While there have been assorted studies occurring on agricultural lands, and Midwestern 

prairies with mostly C4 grasses, there is little data regarding coastal Mediterranean 

prairies (e.g., Zavaleta et al 2003). This is problematic because Mediterranean C3 prairies 

(like those present in southern Oregon) are predicted to respond differently and be drier 

than habitats that have been studied more frequently in the past (Pfeifer-Meister et al 

2015). In contrast to the relatively consistent climate patterns of continental grasslands, 

those in the Mediterranean zone are more likely to experience larger variation between 

seasons, which may be exacerbated by climate change (Stromberg et al 2007). Variation 

of (and dependence on) the timing in which the dry and wet seasons occur supports the 

importance of using phenology as a catalyst for understanding the impact of climate 

change on native plants. Our main goal is to add to the bank of inquiry regarding these 

vital interactions and systems. 

2. METHODS 

Our site was located in Selma, Oregon, 20 miles west of Grants Pass, at the Siskiyou 

Field Institute (SFI). The Klamath-Siskiyou region contains over 3,500 taxa of vascular 

plants, including 281 endemic taxa, making it “an Area of Global Botanical Significance” 

according to the World Conservation Union (Smith and Sawyer 1988, Marsden 2001). 

Due to its unique botanically and geologic diversity, the World Wildlife Fund (WWF) 

chose this region to be one of their five conservation priorities as human activity continues 

to threaten its ecological richness (Marsden 2001). 

Our three experimental climate treatments included control (n=5), heating (n=10), and 

drought treatments (n=5). The heat treatment increased the plot temperature by 2.5°C 

above ambient using infrared heaters (Pfeifer-Meister et al 2013). The drought treatment 

decreased precipitation by 40%—a percentage calculated by Paul Reed using the 

“Precipitation Trends Tool” and the “Precipitation Manipulation Tool,” found on 

Drought-Net’s website, and referencing “The International Drought Experiment: a 

distributed approach to assess terrestrial ecosystem responses to extreme drought” also 

by Drought-Net (2015). Drought treatments were constructed using transparent, v-

shaped acrylic bands that lack a UV filter and are supported by a wooden frame at a 20° 

so that rainwater can drain from them (Yahdjian and Sala 2002). The treatments were 

initiated in late February 2016.  In the fall of 2014, the fifteen total focal species were 

broadcast into each plot to encourage establishment. In December 2015, the plots were 

reseeded with 200 seeds per species in eight random locations within each plot. 

Data were collected for all species once a week at the Siskiyou Field Institute in Selma, 

Oregon between 20 March 2016 and 27 May 2016. Of the fifteen focal species used in this 

study, only three species flowered in sufficient quantities within this timeframe to be used 

as part of the analysis for this study (Clarkia purpurea, Sidalcea malviflora ssp. virgata, 

and Navarretia pubescens). The number of buds, number of flowers, number of 
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seeds/fruit on each plant, along with the total number of plants was recorded for each 

plot. Moreover, we recorded whether a species was present in a plot but not yet flowering, 

as well as if a species was not present at all. Forbs species were analyzed for evidence of 

bud, flower, and/or fruit development. Grass species with more than six tillers were 

analyzed for evidence of seed development. Remote sensing imagery was used to measure 

NDVI, which is an analysis that determines how much living green vegetation fills the 

space in a given image. Five images per plot were taken weekly, starting on the northwest-

facing side of the plot and moving counterclockwise and ending on the northeast side. 

Data were analyzed for reproductive timeline, NDVI, number of flowering plants per plot, 

and flowers per plant using one way analysis of variance (ANOVA) in the program SPSS 

(Kanner et al 2016). The alpha level used to indicate significance in our analysis was 0.1.  

3. RESULTS  

3.1 PHENOLOGY  

Flowering tended to occur earlier in the heated plots for all species, although this was 

not statistically significant (p > 0.450, Figure 1). Sidalcea malviflora flowered at least two 

weeks earlier in heated plots, but produced seed at the same time for all three treatments. 

Neither C. purpurea nor N. pubescens produced seed during data collection. NDVI, as a 

measure of green biomass, quickly began to diverge among treatments after initiation in 

late Feb (Figure 2).  NDVI peaked and senescence began earliest in the heated plots when 

compared to the control plots, but only the earlier senescence was significant (p = 0.056, 

Figure 2). NDVI in drought plots was intermediate between control and heated plots. 

 

Figure 1: Reproductive timeline of first flowering and seed set in heated, drought, and control plots 
for Sidalcea malviflora, Navarretia pubescens, and Clarkia purpurea for dates March 20, 2016 
through May 27, 2016. 
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Figure 2: NDVI measurements between February 11, 2016 and July 6, 2016 for control, 
drought, and heated plots. Differences between plots were marginally significant on April 28 
(p=0.092), and May 7 (p=0.056). Different letters indicate significant differences among 
treatments within a sampling date. 

3.2 FITNESS  

Sidalcea malviflora produced fewer flowers per plant (p = 0.003, Figure 3) and fewer 

flowering plants (p < 0.040, Figure 4) in the heated treatment. No differences were 

detected between the drought and control treatment for flowers per plant or number of 

flowering plants.  For C. purpurea and N. pubescens, we found no differences in flower 

number or number of flowering plants during the period of observation. 

 

Figure 3: Number of flowers per plant for Sidalcea malviflora in control, drought, and heated 
plots between March 20, 2016 and May 27, 2016. Differences between treatments were 
significant on May 27, 2016 (p=0.003). Different letters indicate significant differences among 
treatments within a sampling date. 
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Figure 4: Number of flowering plants per plot for Sidalcea malviflora in control, drought, and 
heated plots. The differences between treatments were marginally significant for April 23, 2016 
(p=0.090), and significant for May 6, 2016 (p=0.037), May 12, 2016 (p=0.019), and May 27, 2016 
(p=0.008). Different letters indicate significant differences among treatments within a sampling 
date. 

4. DISCUSSION  

Our observations and analysis in Southern Oregon imply that projected climate change 

will have a negative phenological effect on select native plants. Those that are able to 

successfully grow and flower may have fewer-than-average reproductive structures, 

further reducing their reproductive fitness. We observed that few of the fifteen species 

included in the whole project performed well in southern Oregon, our site with the most 

extreme Mediterranean climate, especially in comparison to the two sites farther north 

along the gradient. The fact that heated plots peaked and senesced first with the lowest 

average green biomass could mean that under predicted climate change there will be less 

productivity (Fig. 2). This reduction in productivity of native Southern Oregon plants 

could result in a decline in success and productivity of other vital forms of life, specifically 

pollinators local to the region. 

Since it has been documented that spring phenology events at temperate latitudes have 

experienced an advancement of 2.5 days per decade since 1971 as well as a temperature 

increase well above 0.5° C (Körner and Basler 2010), it is no surprise that flowering 

occurred at least one week sooner in the heated plots (Fig. 1). The predicted change in 

temperature over the next 50 years is likely to have a detrimental effect on the success of 

these native plants, as our results show that the heated plots had fewer flowering plants 

and flowers per plant than the drought and control treatments for S. malviflora (Fig. 3, 

4). In other words, higher temperatures may result in a decrease in plant numbers and 

reproductive structures, suggesting the species’ success could be compromised under 

predicted climate change. 
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Our work shows that heating (or warming) can affect the timing of flowering, but the 

timing of fruit development and senescence remained inconclusive due to the length of 

our study. Sidalcea malviflora was the only species observed during the timeframe of this 

study to go to fruit. According to a study on wildflower phenology done by CaraDonna et 

al (2014), a shift in the timing of first flowering events does not necessarily have a 

significant impact on whether, or how, peak and last flowering events will shift. Although 

heated treatments flowered first for S. malviflora, all three treatments went to fruit at the 

same time, suggesting that the heat treatment (or warming) affects time of flowering but 

not the time of fruiting (Fig. 1) (CaraDonna et al. 2014). This kind of data is vital to our 

understanding of how climate change will impact the full phenological cycle of these 

plants. A shift in phenology may impact interspecies relationships with consequences like 

opening up previously filled niches to invasive species, or mismatching the life cycles of 

plants with their pollinators. 

Several sources of error occurred throughout this study. The week of April 23rd, data 

was taken by a team of undergraduates participating in the University of Oregon’s 

Environmental Leadership Program and on the week of May 16th data was taken by two 

graduate students associated with the Bridgham Lab. The data from these two weeks 

slightly differ from the data recorded by us in terms of what specifically was being counted 

and number of plants per plot, thus generating error in the results. Lastly, although data 

was taken roughly once a week, the days that data were recorded were not evenly spaced 

out; the range of days between data recordings is four to sixteen days. In future studies it 

will be important to extend the study period to begin earlier and end later in order to 

collect sufficient phenological data for all species included. 

5. CONCLUSION  

This study, and those similar to it, will be beneficial in future discussions regarding the 

development, restoration, and protection of native prairies. Although our results are not 

entirely conclusive, they nonetheless increased our understanding of how Mediterranean 

ecosystems respond to changes in the climate. While many things can be inferred from 

this study, two specific concepts stood out to us. First, that the phenologies of native PNW 

plant species are likely to shift due to the fact that flower timing and senescence heavily 

relies on temperature—thus warmer temperatures will induce earlier flowering as well as 

senescence. Second, it is inferred that a warming climate will increase the adaptive 

pressures on native plant populations to move north of their current native geographic 

range, increasing the potential of displacing pre-existing populations in these regions. 

During our research, we came to a realization of one vital component within this study 

that should be given more attention: the difference in fitness and resilience under climate 

change-like conditions of perennial and annual plant species in native prairies in the 

Pacific Northwest. In previous research done by Pfeifer-Meister et al (2015), it was posited 

that perennial plants (i.e., Sidalcea malviflora) would be able to withstand projected 

climate change more so than annual plants (i.e., Navarretia pubescens and Clarkia 
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purpurea). This is due to the role germination plays in plant survival; the survival of a 

plant is not dependent on how well it germinates, if at all. More specifically, if a perennial 

plant misses its window to germinate one year, it has a chance to adapt and germinate the 

next year whereas an annual plant would not have that opportunity—leading to the 

potential endangerment or extinction of its species. However, a different study suggests 

that higher temperatures will fall in favor of annual species rather than perennial species 

due to an extended growing period that would widen the window annuals have to 

germinate and grow (Dijkstra et al 2010). As this experiment continues over the next 

several years, we would recommend incorporating this variable to better understand the 

extent that these plant species will be affected by climate change. It would be beneficial 

to study and understand the growing patterns more deeply of these two categories of 

species (e.g., does temperature influence one more than the other?) since both already 

differ in growing patterns and are likely to shift in conjunction with projected climate-

change. 

Plants are sessile, but their seeds and pollen can disperse to new geographic areas 

where the climate may be more conducive to growth and reproduction. Species growing 

in heated plots in an area north of their native range essentially grew just as one would 

expect them to grow in an ideal world where their native home is not warming up (Pfeifer-

Meister et al 2015). This shows that, if these species can disperse to more conducive 

climates, there is a strong likelihood of a poleward shift of these plants and ecosystems in 

the future. This could potentially lead to drastically altered community composition 

within ecosystems. The success of perennials vs. annuals previously discussed would also 

be a key component in this observation; different phenologies and growing patterns 

would have the possibility of controlling the success of a plant’s ability to shift its range. 

Moreover, shifting phenologies of native plants could imply shifting phenologies of 

invasive plants. With the occurrence of differing shifts in phenologies, the ability for 

invasive species to fill open niches that once belonged to native plants could increase, thus 

further altering the prairie plant community (Hellman et al 2008). While many native 

species have evolved to specific climates, invasive species tend to tolerate a much wider 

climate range that allows them to survive and spread in the ecosystems when native plants 

may no longer be able to (Hellmann et al 2008).  

But what can we do? Climate change is much bigger than the 20 experimental plots 

sitting in Selma, Oregon; how can these changes be mitigated on a regional level? We can 

study these plants’ reactions to projected climate change for years, even decades, and 

continue to unravel what may be a dismal future for PNW prairies, but what these 

ecosystems are in critical need of is action. For example, creating wider buffers around 

prairies from human activity, controlled burning to abate invasive species, reducing 

conifer encroachment, and restoring plant communities by manually planting and 

spreading seeds can all have beneficial effects on endangered upland prairies. Perhaps the 

strongest form of action, however, is education. In contrast to the charismatic landscapes 

of the Pacific Northwest’s forests, mountains, and rivers, grasslands are often deemed as 
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“empty space.” However, the shifts in phenology and biodiversity that have already been 

seen within upland prairie communities can be used as a lesson of ecosystem equality, the 

fragility of interconnectivity, and as a reminder that it is not too late to implement change 

(Parmesan 2006; Memmott et al. 2015; Gezon 2016). By informing regional and global 

communities about the threats Mediterranean systems are faced with, principles can be 

morphed, ideas can be created and further actions undertaken. This is just one of a 

multitude of ecosystems hanging by a thread as climate change unfolds—just one domino 

in an upright formation of many. It is a race against time, and the success of species could 

be reliant on our understanding of their ability to adapt and shift location in order to 

spring forward and predict the potential consequences of climate change.  
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