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From the Co-editors

We are proud to present to you volume six of the Florida Atlantic Undergraduate Research Journal. 
The FAURJ is an interdisciplinary, peer-reviewed journal that is published annually. FAURJ is published 
online as well as in print and its mission is to showcase high quality undergraduate research in all fields, sup-
ply undergraduates with an idea of the standard of research, and promote inquiry-based activities at Florida 
Atlantic University. 

The FAURJ is student-run by the Council for Scholarship and Inquiry (CSI), a registered student 
organization at FAU. The organization promotes and fosters a culture of research at the university across 
all disciplines. CSI strives to enhance scholarship, creativity, critical thinking and academic excellence of 
undergraduate students at FAU. Opportunities sponsored by CSI include publication in the FAURJ, student 
workshops, promotion of faculty-student interaction and peer mentoring. Undergraduate research provides 
students the ability to create and pursue innovative ideas under the mentorship of faculty members, which 
distinguishes FAU as a prestigious institution and shapes the young minds of the future. 

We would like to thank all of the students who have submitted their work for the 2016-2017 publi-
cation. You all have shown immense dedication to your research and we wish you the best in your future 
endeavors. We hope you enjoy this edition of FAURJ, and encourage you to stay curious!

—Makenzie Rynn & Luca Brunozzi
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From the Artist

As a graphic designer, like any artist, what I enjoy most is creating the artwork itself. However, before 
reaching this moment, artists and graphic designers alike contemplate how to creatively articulate the mes-
sage of the piece. This step is equally as important as producing the actual piece of art and frequently involves 
researching the subject at hand. When I started in this field, I considered research to be time-consuming 
and I was not looking forward to it. Over time I grew to appreciate and enjoy research as much as I enjoy 
creating the artwork. Besides helping to understand the subject better and finding inspiration, exploration 
and investigation helps me grow as a person and expand my horizons. Therefore, research is important in 
my field, and I am excited that the message of this cover design is to portray the idea that research applies 
to any field of study.

Through research, I decided a representation of an atom would be something the majority of people 
would be able to relate to, no matter what their field of study, and would give the cover a sense of energy 
and dynamism. In order to represent the various research disciplines I included pieces within the atom 
demonstrating the variety of research available. I am grateful I had the opportunity to display my personal 
stamp on this cover.

—Elvira Ciuculin
Graphic Design Major
Dorothy F. Schmidt College of Arts and Letters
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Wilkes Honors College

Nine Lives: The Up Series and Personality Over 
Time
Megan Mackay Alders, Sonia Baron, Caitlin N. Benedict, Courtney R. Hunt, R. 
Neelavannan, Stefán Ragnarsson, Julian E. Ramirez, Krystal Shea St Peter, H. F. Trulson & 
Kevin Lanning 

The purpose of this study was to gain a better understanding of personality development in a 
particular sample of individuals. Using the Up Series documentary as a platform, we collected 
extensive amounts of data with the use of personal narratives, the California Child and Adult 
Q-sort assessments, and a series of personally constructed trait rating scales to produce nine 
longitudinal case studies. The Up Series follows the lives of fourteen Britons of varying social and 
economic backgrounds from age seven in the early 1960s to the present day. After synthesizing 
all of our singular data, contrary to what the directors of the film initially postulated, we found 
that childhood socioeconomic circumstances do not necessarily dictate the levels of success and 
failure that these individuals experience throughout their lives. This research will likely impact 
the perception of social class effects in personality development.

INTRODUCTION
In 1964, Granada Television interviewed four-

teen British children of diverse social and economic 
backgrounds for the film 7 Up. Director Michael 
Apted continued these films in seven year intervals 
to produce the documentary, the Up Series. Each of 
these films illuminates the levels of success and fail-
ure that our targets experience in light of their career 
paths, relationships, and emerging roles as caretak-
ers. Although these films were originally posed as a 
deeper look into the developmental effects of social 
class disparities in England, it becomes evident that 
they can also be utilized as effective tools for per-
sonality psychology measures. As an undergradu-
ate Psychometrics class, we set out to expand upon 
this documentary in an extensive examination of 
personality development among these individuals 
through the use of trait rating scales, Q-sort data, 
and personal narratives. 

METHODS
Though there were a total of 14 participants 

in the Up Series, students collected data for only 
nine, as they appeared most consistently across 
each segment: Amber, Bryan, Keith, Mark, Ralph, 
Rebecca, Ryan, Samantha, and Steve (these names 
have been changed in order to preserve a certain 
level of privacy for the individuals involved). We 
used the California Q-sort and our own trait rating 
scales to systematically rate each participant’s per-
sonality (Block, 1961). At every age, each participant 
was rated by one rater who wrote a brief narrative 
describing the participant’s life and personality at 
that time. At the end of watching the Up Series as 
a class, each student wrote a case study about one 
of the participants, integrating data collected from 
different aspects of their lives. This paper aims to 
understand attributes of personality in each of these 
people’s lives through the use of the Q-sort and trait 
rating data that we collected from our case studies.
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California Q-sort
The California Q-sort is a set of 100 items 

(e.g. is talkative) intended to systematically describe 
an individual’s personality. Lanning (1994) out-
lined eight factors that emerge from the California 
Adult Q-sort (CAQ): the Big Five (Agreeableness, 
Extraversion, Conscientiousness, Neuroticism, and 
Openness), Attractiveness, Insight, and Ambition. 
The California Child Q-sort (CCQ) is a modified 
version of the CAQ for children and adolescents. 
The variation of these constructs over time provides 
a better understanding of personality development.

This class used the CCQ and CAQ in rating 
each participant’s personality for each age. One stu-
dent sorted the 100 Q-sort items by hand while the 
others used an online program. The CCQ was used 
for ages seven and 14 and the CAQ was used for ages 
21, 28, 35, 42, 49, and 56. There were two raters for 
each participant for each age. Our current data set 
combines the current results with that of previous 
classes, making the ratings more reliable.

Trait Ratings
In addition to the Q-sort data, our class cre-

ated our own trait rating scales. We agreed upon 19 
traits that were defined according to class consen-
sus (see Appendix A). Traits were rated on a scale 
from 1 (very uncharacteristic) to 6 (very characteris-
tic). A middle point (neutral) was excluded in order 
to force a selection toward one side or the other. 
Students used these scales to rate each of the nine 
participants for each corresponding age.

Analyses
Our professor, Dr. Lanning, analyzed the 

Q-sort and trait rating data using the statistical 
program R to obtain the averages and correlations 
across ages, targets (participants), rater gender, year, 
and combinations of these. The same procedure was 
conducted for this year’s trait ratings. Correlations 
were computed for the trait ratings, the Q-sort pro-
files, and between the Q-sort profiles and Q-sort 
prototypes (such as paranoid or optimal function-
ing; Block, 1961). 

Case Studies
Each student wrote one narrative for a dif-

ferent participant at each age. The students then 
combined the narratives, Q-sorts, and trait rat-
ing data into a case study for each of the partici-
pants. The case studies explored the lives of these 

individuals and their personality development, both 
from observation and the quantitative data col-
lected. This paper is a collection of samples from 
those case studies looking at major life events, per-
sonality traits, ages, cultures, or themes. 

Rather than simply compare each of the nine 
individuals on a subset of the measures collected, we 
instead use a more idiographic approach, describ-
ing each person using those characteristics which 
appeared most salient to our raters. Tables on our 
Open Science Framework site (https://osf.io/h2tgq/) 
provide summary scores for each individual for each 
age.

CASE STUDIES

Amber
When Amber was introduced, she was attend-

ing primary school in the East End of London. At 
age seven, Amber appeared to be the quietest and 
most reserved member of her group of friends; she 
waited patiently to answer certain questions, such as 
her career aspirations, which she happily revealed as 
wanting “to work at Woolworths” (Almond, 1964). 
By 14, Amber chose a different path than her friends 
and enrolled in grammar school. Amber married at 
age 19, managing to maintain a beautiful marriage 
and raise two daughters throughout the series. At 
the age of 21, Amber was working with children in 
a mobile library in London’s East End. After the 
mobile library was shut down due to educational 
budget cuts, Amber worked at Bethnal Greens, a 
children’s library where she continued “teaching 
children the beauty of books” (Apted, 1977). At the 
library, Amber worked passionately with children 
who had special needs, which she described as “chal-
lenging” (Apted, 2005). Unfortunately, by 56, Amber 
was no longer employed by the library due to addi-
tional budget cuts. This, however, allowed Amber to 
be more involved in her grandchildren’s lives, even 
helping her daughters raise them.

Amber’s life revolved around children, rein-
forcing CAQ findings which showed her to be 
characteristically dependable and ethically consistent. 
She wanted to be a teacher and then a librarian, 
both careers that are entirely child-focused fields. 
Through her position as the Chair of Governors at 
St. Xavier’s at 56, Amber continued to fight for what 
was best for the children of London’s East End. All 
of this would not have been possible without a great 
deal of patience. According to the data collected, 
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Amber’s rating of patience grew steadily as she aged, 
which allowed her to accomplish her goals and help 
educate the youth of London. 

Bryan
Bryan spent his childhood in a charity home. 

Having never met his father, Bryan was the only 
child of a single parent in the Up Series. He married 
his first wife by age 28 and had five children; after 
their divorce, Bryan remarried and had another son. 
The divorce initially caused strain in Bryan’s rela-
tionship with his five oldest children, yet by 56 Up, 
Bryan had a healthier relationship with three of his 
children and was an active grandfather as well as a 
foster parent.

The concept of family plays an important role 
throughout Bryan’s life. Bryan’s most characteristic 
CAQ items revealed him to be a highly compassion-
ate man, which is consistent with his actions toward 
his mother in 21 Up as well as his desire to relate 
more with his children. Perhaps one of Bryan’s most 
compassionate, family-oriented acts occurs in 49 Up, 
when he and his second wife, Stacy, become foster 
parents. Bryan mentioned being interested in fos-
tering because he went to boarding school where 
“they didn’t allow for personal cares, for loving 
from the adult carers” (Apted, 2005) and he wanted 
to give back and do something more for children 
within his own home.

Fostering appears to give Bryan and Stacy a 
sense of fulfillment; though it is arguably even more 
important for the 65 plus children that he and his 
wife have fostered. Speaking from personal expe-
rience, Bryan noted that “something all children 
want, is to be loved. Is to be wanted. So, if you can 
give that to them, then everything else is second” 
(Apted, 2012). The couple aimed to provide a loving 
and supportive family environment for each foster 
child; a few even come back to say “‘Hello, Auntie. 
Hello, Uncle. How are you?’ They come and have 
Sunday dinner, come and visit” (Apted, 2005) as if 
they truly are part of the family.

Keith
Keith grew up in a working class family in 

London’s East End. At the age of seven, Keith 
expressed his dream to become a jockey, and by 14, 
he was pursuing an apprenticeship at the Epsom 
racetrack of London. Keith’s extroverted and ener-
getic disposition, shown at an early age, set a prec-
edent for his personality development throughout 

the rest of the films, which was expressed in his 
CAQ ratings of talkative and rapid tempo. Keith 
abandoned his previous career goals after a string 
of unsuccessful races, and started preparing to take 
the “Knowledge,” a test that all London cab drivers 
must take in order to be licensed. Between the ages 
of 28 and 42, Keith got married, established a stable 
home, had three children, and found moderate suc-
cess as a London cab driver. Keith’s impulsive nature 
culminated in a bout of infidelity, discussed at age 
42. This event not only put a strain on his marriage 
for several years, but dominated our perception of 
Keith through the age of 56.

From the interview in 42 Up, it becomes appar-
ent that Keith’s unfaithfulness has taken a mas-
sive emotional toll on his marriage. Though Keith 
expressed that there is always a possibility that 
marriages experience difficulties such as this one, 
he was adamant about how remorseful he was for 
his actions and for hurting his wife, Abigail. Despite 
this occurrence, Keith and his wife decided to stay 
together for their children and try to work on their 
relationship. 

Keith’s amicable character and ability to perse-
vere despite his underprivileged background led him 
to be one of the most likeable targets in the series. 
However, Keith’s score of likeability dramatically 
decreased after learning about his infidelity. Keith’s 
accomplishments notwithstanding, he was rated 
harshly at age 42 despite our limited perspective of 
the nuances or the marital dynamic that could have 
contributed to his behaviors around this age.

Mark
From age seven, Mark appears to be more 

mature than his peers, desiring to be a missionary to 
help others. By 21, Mark gave up on being a mission-
ary and studied mathematics at Oxford University. 
Mark stuck to his political beliefs, despite being his 
village’s only Socialist. Teaching math at an under-
privileged school in London’s East End made Mark 
realize that “being a part of people’s advancement 
and learning, and watching them understand more” 
was what mattered most (Apted, 1986). While tak-
ing a sabbatical in Bangladesh, Mark explained 
that he “sees education as the key to it all” (Apted, 
1992). Consistent maturity in his political and moral 
beliefs did not reflect in his love life. At age 35, Mark 
admitted he had not yet found the right person 
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and felt that he had “a lot of growing up to do still” 
(Apted, 1992).

Throughout his interviews, Mark does not 
appear worried about a lack of love, for he knows 
that “it will come” (Apted, 1970). In 42 Up, Mark 
shares that he was “lucky to have found Julie,” his 
wife (Apted, 1998). Their wedding was filmed by 
Apted. Mark and Julie appear to complement each 
other well, bringing out the best in each other. Julie 
believes Mark keeps her “better organized,” whereas 
Mark explains that “you’re not thinking about your-
self all the time, you’re thinking about somebody 
else” (Apted, 1998).

Throughout Mark’s adult life, his most char-
acteristic Q-sort traits identify him as ethically con-
sistent. Although Mark has dedicated his life to the 
mission of helping others, we see that after his mar-
riage to Julie, his focus turned towards taking care 
of his family by joining the private sector.

Ralph
Ralph was from a middle-class family living in 

the Liverpool suburbs. At age seven, he attended 
a local primary school and spoke about his wishes 
of becoming a coach driver. By 14, even though he 
had settled into his comprehensive school, Ralph 
appeared anxious and tired, mentioning how he 
barely had any time to relax. At 21, Ralph dropped 
out of university and was living in a squatter’s home, 
relying on the government for assistance. When he 
was forced to move, Ralph found himself home-
less, traveling across the countryside staying in any 
available barn he could find; Ralph maintained this 
nomadic lifestyle until he became involved in the 
local politics as a Liberal Democrat at age 42. After 
living in the country, Ralph gains a new perspec-
tive on life, and eventually finds comfort in God, 
becoming one of the most spiritual participants in 
the entire series.

Ralph’s story brings awareness to the conse-
quences of labeling someone as “eccentric” or men-
tally unstable. Psychology students also assumed 
that Ralph was highly anxious and neurotic when 
describing his personality on CAQ items and trait 
ratings, respectively. Even though Ralph admitted 
to worrying about his own sanity in 28 Up, he never 
received an actual psychological diagnosis. Ralph 
never married and expressed concern over having 
children, troubled by the possibility of them inher-
iting his unhappiness. Despite his perceived difficul-
ties, Ralph has a positive outlook on life; in 49 Up, he 

stated that “life comes once and it’s quite short and 
you have to appreciate what’s good in it” (Apted, 
2005). 

Rebecca
Rebecca attended primary school in East End 

London. Since age seven, Rebecca has been socially 
competent with articulated and elaborated opinions 
on her peers, other races, and marriage. Rebecca 
married at 19, but by 35 Up, she was divorced and 
later had her son, Robert. By age 42, she was remar-
ried and had two other sons. Rebecca suggested that 
Apted may have portrayed her and others inaccu-
rately through edited versions of their lives. Her 
concerns are best documented in episodes 21 Up and 
49 Up.

In 21 Up, Apted asked Rebecca about not 
having as privileged of an upbringing as others. 
Seemingly content with her socioeconomic status, 
Rebecca appeared offended by this question and 
assured him that she had enough financial means. 
These scenes, along with Rebecca’s overall defensive 
demeanor, potentially caused her to be low in like-
ability and agreeableness.

Rebecca’s love for her children shows through-
out the series. Her boys’ likeness to her in person-
ality is questioned by Apted who is curious if she 
is worried they would “pick up her traits” (Apted, 
2005). Rebecca takes offense to his “inappropriate” 
question, breaking the fourth wall to express con-
cern with Apted’s editing of the interviews, espe-
cially her segment in 42 Up. Rebecca explains how 
her interview seven years ago could have been based 
on another aspect of her life rather than her diag-
nosis of rheumatoid arthritis. When arguing with 
Apted at ages 21 and 49, Rebecca’s most charac-
teristic CAQ items were verbal fluency, hostility, and 
rebelliousness.

Ryan
Ryan was from the countryside in Yorkshire 

Dales where he grew up working on his family’s 
farm. Expressing his interest in the natural sciences 
at age seven, Ryan attended Oxford University to 
study physics in order to become a nuclear physicist. 
By the time he was 28, Ryan had fulfilled his dream 
by immigrating to the United States. He conducted 
research at the University of Wisconsin and eventu-
ally became a full time professor.

Ryan’s story provokes major life themes such 
as loss of place and sense of identity. It is clear at 
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age seven that Ryan wished to pursue a different life 
than the one he was born into. His interest in space 
and his desire to be an astronaut appear to indicate 
a pursuit for exploring the unknown. Ryan’s most 
characteristic Q-sort items were intellectually capable 
and aspiration level. This high ambition prompted 
Ryan to move away in order to attend university in 
the US. Although this life transition has, according 
to him, significantly improved his social relations, 
Ryan continues to miss his home and his family, 
especially as his parents age.

When asked about moving to America, Ryan 
explained the difficulty of becoming immersed into 
the American culture, which differed greatly from 
the British lifestyle he was accustomed to. While 
Ryan appreciates his life in the United States, he 
continues to express his feelings of missing home. In 
56 Up, Ryan explains that, though he enjoyed being 
home, the political nature of the nation at the time 
did not facilitate a proper environment for him to 
pursue or work in higher education. 

Samantha
Samantha came from an upper class family 

with access to a private education. At seven, she 
appeared to be sheltered and expressed a desire 
to marry and have two children. By 14, Samantha 
became dismissive of Apted and her participation 
in the Up Series, which she felt forced into. At age 
21, Samantha became caustic and cynical; stating 
that she had no faith in marriage and could not see 
herself having children. By 28 Up, she was married 
to Max and had two children, which had largely 
changed her personality; Samantha appeared to 
have found greater stability and adopted a happier 
demeanor than the last two interviews. Her mar-
riage remained stable for the rest of the series.

Samantha’s CAQ traits shifted after her mar-
riage to Max, at which point she became more char-
acteristically relaxed, dependable, and compassionate. 
It can be argued that Samantha’s marriage to Max 
brought about the life change she needed, which 
allowed her to settle down and find satisfaction in 
life. When her mother unfortunately passed away, 
Samantha was training to become a bereavement 
counselor; this personal experience gave Samantha 
the ability to relate to her clients in a unique way. 

Steve
At the age of seven, Steve was living in England 

at a children’s charity home. By 7 Plus Seven, he had 

migrated with his father to Australia. Throughout 
the series, Steve’s most characteristic CAQ traits 
revealed him to be dependable, despite the perceived 
struggles he had in life. Since Steve never knew what 
he wanted his dream job to be, he spent most of his 
life doing physical labor. At age 21, Steve fell in love 
and spent a few months traveling across Australia 
in a van with his wife before settling down to start 
a family.

Though Steve is still perceived to struggle 
with confidence and self-esteem, he is constantly 
depicted as a dependable family man, with his wife 
Eliza often appearing by his side during the inter-
views. It appears as though his marriage with Eliza 
becomes a source of strength in which Steve over-
comes his less than ideal childhood. Steve’s story 
shows that, though important, childhood upbring-
ing is not the only influence in an individual’s per-
sonality, as shown through his roles as a loyal hus-
band, dependable father, and loving grandfather.

DISCUSSION
The Up Series participants were selected on 

the basis of socioeconomic status and gender in the 
United Kingdom with the intention of predicting 
what England would be like in the year 2000. The 
bold statement “Give me a child until he is seven 
and I will show you the man” (Almond, 1964; Apted, 
1970, 1977, 1984, 1991, 1998, 2005, 2012) is echoed 
throughout the series to suggest that early socio-
economic factors will determine future success. In 7 
Up, children from affluent backgrounds had a struc-
tured curriculum with Latin studies and daily physi-
cal exercises, while working class education seemed 
to prepare students for menial jobs rather than pur-
suing higher education. At the time, it may have 
been assumed that the working class girls would 
only have a family instead of pursuing careers. This 
was not the case with Amber, who was happily mar-
ried with two children all while being a librarian for 
more than 30 years. As expected, the working class 
male targets had labor intensive jobs: Keith drove 
a cab, Bryan operated a forklift, and Steve worked 
as a bricklayer. These assumptions did not predict 
future upward or downward social mobility, how-
ever, as seen in Keith and Ralph, respectively. 

Q-Sort Limitations
The CCQ and CAQ are useful psychological 

tools used to categorize personality into fixed dis-
tributions, however, they present various problems 
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with sorting data. Due to limited compatibility 
with different operating systems, one student con-
ducted the Q-sort method by hand while other stu-
dents utilized the online version. A limitation of the 
Q-sort is that item order is associated with item 
variance; hence the items placed at the end have 
a greater chance in being sorted into the middle. 
Manual sorting may be more accurate than an online 
program since the cards can be randomly shuffled. 
Additional errors may occur in the data because rat-
ers do not always reevaluate item placements that 
they have already made, opting instead to simply 
fill open spaces toward the end (Sherman & Serfass, 
2012). The CCQ and CAQ presented different items 
that could not be easily compared. Although the 
Q-sort method is subject to many ordering effects, 
the data derived from the end result still has many 
advantages in evaluating personality.

Intergroup Biases Between Raters 
and Targets

When examining the data between raters and 
targets, intergroup behavior and biases should be 
considered. Social psychological research on groups 
has shown the presence of favoritism towards 
in-group members and discrimination towards non-
group members, even when groups are determined 
from arbitrary conditions (Billig & Tajfel, 1973). The 
study’s raters and the Up Series’ participants vary in 
many aspects, including education, nationality, age, 
and gender.

Raters were undergraduate students from an 
American liberal arts college, ranging in age from 18 
to mid-20s. It is possible that college students show 
favoritism towards university graduates from the Up 
Series. Nationality may also have an effect consider-
ing the targets were from the United Kingdom while 
the raters are from the United States. Differing values 
between cultures could have also altered rater percep-
tions. Raters could be expected to have rated subjects 
more favorably at age 21 since they belong to the same 
age group, which creates a shared group identity, facil-
itating in-group favoritism. This favoritism risks the 
possibility of increased discrimination as the targets 
age and become part of the outgroup.

Gender differences also produce a concern; 
the manner in which males or females perceive 
the opposite sex could result in considerable bias. 
For example, male raters saw the CAQ trait of 
calm, relaxed in manner as uncharacteristic of female 
targets compared to female raters who saw it as 

characteristic. Out of the 54 CAQ contributors, 
only 14 were male. This gender imbalance lessens 
credibility for the claim of gender bias. 

In reference to reliability, it is important to 
note that 56 Up only has two to four CAQ ratings 
per target. Data from this age are not as reliable as 
needed for proper consideration. 

What Have We Learned?
In many cases, socioeconomic class was unable 

to predict the future of the Up Series participants. 
Some predictions, such as participants attending 
university, getting married, or having children, were 
easier to make than others (e.g., the death of a par-
ent, divorce, or health issues). For example, Ralph 
was from the middle class with a bright future who 
was expected to maintain middle class status, but 
dropped out of university after one semester and 
spent a good portion of his adult life on government 
assistance. While Ryan, on the other hand, was 
expected to remain in rural England in order to take 
over his father’s farm, but instead became a nuclear 
physicist, teaching at the University of Wisconsin. 

Once all of the data had been consolidated 
from the CAQ and trait ratings, results indicated 
that participants had stable personalities. The bio-
logical view of the Five-Factor theory proposes the 
plaster hypothesis in which all personality traits 
stop changing by age 30 (Srivastava, John, Gosling, 
& Potter, 2003). With the exception of some par-
ticipants, such as Ralph, many of the trait ratings 
and Q-sorts (which were correlated with The Big 
Five traits of personality) increased then stabilized 
after episode 28 Up. Since the film was done in 
increments of seven years and the viewers had lit-
tle information to refer to at the beginning of the 
series, ratings were difficult and had greater over-
all standard deviations. Traits develop throughout 
childhood and mature in adulthood, eventually sta-
bilizing in cognitively intact individuals (Srivastava 
et al., 2003).
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APPENDIX A

Agreeableness Is sympathetic, kind, appreciative, affectionate

Ambition Has high aspiration level for self

Autonomy Independence, resourcefulness

Confidence Being secure in one’s ability to do something

Conscientiousness Is organized, thorough, planful, efficient

Dominance Authoritative, exerts command over others

Extraversion Is talkative, assertive, active, energetic; not quiet or reserved 

Honesty Straightforward, lacking in deceit, evasiveness, greed

Intelligence Ability to adapt to intellectual challenges, knowledge, cognitive 
speed, cognitive efficiency

Likeability The rater’s own personal reaction to the participant

Loyalty A strong feeling of support/allegiance to someone/something

Narcissism Acts as though entitled; indicates inflated sense of self-impor-
tance or abilities

Neuroticism Is tense, anxious, nervous, moody

Openness Has wide interests, is imaginative, intelligent, original

Patience The capacity to accept or tolerate delay or trouble without 
getting angry or upset

Resilience The capacity to recover quickly from difficulties; toughness

Sensitivity Shows understanding of the affective and cognitive states and 
motivational concerns of self and others

Spirituality Indicates an important role for faith; does not imply adherence 
to a specific religion or belief system
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INTRODUCTION
Natural disasters are indiscriminant, affecting 

countries worldwide, propagating the spread of fatal 
diseases and costing individuals their lives, homes, 
and livelihoods. It should be noted that, however 
devastating these disasters may be, they are gener-
ally considered temporary disruptions from which 
society eventually regains its state of normalcy. It is 
during the aftermath of these natural disasters that 
the footprints of inequality become evident; some 
countries recover quickly whereas others do not. 
In recent years, few countries exemplify this situ-
ation as does Haiti, a nation that has experienced 
the gamut of natural disasters from earthquakes and 
hurricanes to floods and droughts. The frequency 
in which these disasters occur leads many to won-
der “why Haiti?” and “what makes this country the 
exception and not the rule?” Some might point to 
Haiti’s geographic location while others might spec-
ulate that it is the ill will of a divine force. However, 

I argue that the core issues behind the occurrence 
of natural disasters in Haiti stem from social forces 
rather than natural ones. In this paper, I explore the 
idea that the human tragedy, state of impoverish-
ment, and environmental degradation experienced 
in Haiti is rooted in a history of agricultural and 
related structural and social underdevelopment that 
dates back to colonialism and slavery. 

METHOD
This paper uses historical and literary meth-

ods to trace the current set of socio-environmen-
tal problems back to Haiti’s legacy of colonialism 
and slavery. I show that the pattern of agricultural 
development that began under colonial powers has 
had continuing negative implications on the envi-
ronment, economy, and Haitian people. In order to 
explore the probable causes of this country’s vul-
nerability, the paper analyzes and compares various 
sources of literary data focusing on Haitian history 
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and women, and the Haitian economy. Although the 
sources span from colonial to contemporary peri-
ods, they demonstrate commonality and provide a 
cohesive framework in which connections can be 
made between themes, such as race, class, gender, 
and the environment. A world systems theory is 
used to synthesize the data. 

The paper is organized as follows: First, I pro-
vide background information on Haiti’s history 
as a European colony and later as an independent 
nation. Secondly, I describe the negative environ-
mental results of the plantation-based agricultural 
system. Following this, I analyze the emergence of 
Haiti’s economy in a globalized market, and lastly, I 
describe how this economic state has affected the 
lives of female peasant farmers in crop production 
and distribution. I conclude with a discussion of the 
wider implications of the case that Haiti holds for 
development. 

1. Historical Context
In order to properly understand the current 

and specific dilemmas of any nation, knowledge of 
its general history is necessary. Europeans arrived 
in Hispaniola in 1492, and gradually French colo-
nists established dominion over the western third 
of the island. Shortly thereafter, enormous num-
bers of African slaves were transported to replace 
the indigenous peoples of the Taino tribe, who had 
been decimated by foreign diseases at the start of 
the 17th century. The colonizers took advantage of 
the slaves’ traditional ecological knowledge (TEK) 
(Kimmerer 2002) of agriculture and made them 
work under dismal conditions to yield successful 
cash crops, such as coffee and sugar. 

Most of these goods were cultivated exclu-
sively for the elite class and exported abroad. 
Meanwhile, slaves had very little food to harvest for 
themselves which, in turn, “emphasized mono-crop 
production for export and neglected food produc-
tion for local markets” (Datta and Kornberg 132). 
In addition, plantations established a caste system 
based on race, gender, and class, the strongest indi-
cators of an individual’s social and economic status. 
The hierarchy started with the small ruling white 
class, followed by a larger group of mulattoes, and 
ended with a significant population of black slaves,. 
This hierarchy was further dichotomized by gender, 
subordinating females to their male counterparts. 
According to this structure, black women, although 
they planted, harvested, worked as traders, and 

eventually took on “roles as the main producers of 
food crops throughout the region,” were branded as 
the lowest members of society (Datta and Kornberg 
132). 

 Towards the late 18th century, slaves began 
revolting against the French and their imposed 
caste system under the leadership of Toussaint 
L’Ouverture and eventually claimed their indepen-
dence in 1804. This made them inhabitants of the 
first post-colonial black nation in the world. This 
newfound country was officially named Haiti or 
Ayiti, which translates as the “Land of Mountains” 
in the Taino language. Although the French con-
tinued to carry influence in the government and 
the Spanish acquired a significant portion of the 
island (an area that is now known as the Dominican 
Republic), Haiti surfaced as the “Pearl of the 
Antilles” (a title it shared with Cuba), due to its suc-
cessful production of agricultural goods. However, 
Haiti eventually lost its luster under the wear and 
tear of the years to come, which were characterized 
by an intersecting set of conditions: dictatorial rule, 
social injustice, overuse and gross exploitation of 
natural resources, and foreign intervention. As the 
Haitian people began their path on the ever-winding 
road of struggle and injustice, the land beneath their 
feet began to crumble and transform into a soil dras-
tically less fertile and vibrant than it had once been. 
Even after Haitians gained independence from the 
French, they were, ironically, still dependent on the 
French, since independence was based on an agree-
ment that Haitians would repay their government 
a large debt on the grounds of lost property. In this 
regard, Haiti was perpetually enchained to France 
under the pretense of freedom.

2. Environmental Issues
 Currently, the Haitian environment, 

both social and natural, has continued this trend 
and seems to be getting worse. As the poorest 
nation in the Western Hemisphere, Haiti is marked 
by high rates of unemployment, infant mortality, 
illiteracy, ongoing state-sponsored violence and 
repression, increasing hunger, landlessness, and 
unemployment (Bell 16). A probable cause of these 
issues is the class structure: a large population of 
individuals living in poverty forms the foundation 
of the Haitian economic demographic pyramid, fol-
lowed by a thin middle class, and a miniscule elite. 
The income gap between the impoverished and the 
middle and elite classes is significant in size and 
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continues to widen. Statistics show that 56 percent 
of the population lives in extreme poverty, living on 
less than $1 US dollar a day (Sletten 11). Agriculture 
is the largest sector of Haiti’s economy: “approxi-
mately 70 percent of the Haitian people live in rural 
areas and work as peasant farmers” and struggle to 
survive by planting crops that yield minimal profit 
due to declining production, such as coffee, corn, 
bananas, cocoa, and sugarcane (Racine and Ogle 55). 
Despite its great impact in the economic sector, 
rural areas are highly underdeveloped without an 
adequate amount of schools, health services, tech-
nological advancement, and government support. 
In addition, “decline in production can be linked 
to a rising population, deforestation, erosion, and 
overuse of land” (Racine and Ogle 55). Although the 
majority of Haiti’s land is unsuitable for farming, 
many individuals continue to cut down what is left 
of trees on mountainsides to try to render the land 
available for agricultural use, since the soil in eligible 
agricultural areas has been exhausted. Trees are also 
used to produce wood-charcoal, which is the largest 
source of Haitian energy production. The deforesta-
tion of mountains will not only result in the inten-
sification of mudslides during the rainy and hurri-
cane period, but also an increase in desertification 
which “is a result of a long-term failure to balance 
demand for and supply of ecosystem services in dry 
lands” (Williams 20). What used to be the Pearl of 
the Antilles, covered with vast amounts of trees and 
clean waters, is now the dumpster of the Antilles 
and the Western Hemisphere, where sewage and 
waste cover streets and smoke and car exhaust pol-
lute the air. 

3. Haiti in a Globalized Market
Today, French economic control over Haiti 

has been replaced by the control of large corpora-
tions from the first world. It is obvious that Haiti 
has “entered the twenty-first century reeling from 
the effects of structural adjustment and [is] compet-
ing in the globalized economy on disadvantageous 
terms” (Baver and Lynch 11). One such example is 
the introduction of the Monsanto seed to Haiti. 
Although the biotechnological and agrochemi-
cal corporation claims to have donated 400 tons 
of hybrid seeds to help revitalize Haiti’s farmland, 
annual financial compensation is implied (La Via 
Campesina). In order to pay this debt, the Haitian 
government charges farmers to buy these seeds. Use 
of and dependence on these patented seeds will no 

doubt reduce the amount of Haiti’s indigenous seeds 
and the little influence that the farmers have left in 
the local markets. Haiti’s land is already unsuitable 
for the planting of monoculture crops since they 
easily tire the soil and the lack of crop diversity 
makes them highly susceptible to pest infestation. 
The introduction of genetically engineered seeds, 
formed with strong chemical compounds, height-
ens environmental concerns, especially since they 
might increase the resistance level of future gener-
ations of pests. If Haitian farmers decide to follow 
suit, saving their native seeds from previous crops 
will most likely become prohibited as they already 
have in numerous other countries where Monsanto 
has established itself. Seen from this angle, it is the 
“common, public resources of the poor, which are 
privatized, and the poor who are disowned eco-
nomically, politically, and culturally” (Shiva 2). Thus, 
the problem here is development by disposses-
sion under large foreign corporations rather than 
underdevelopment. 

The environmental damage predominately 
caused by peasant farmers can be directly linked to 
the government since it fails to educate the pub-
lic about the importance of natural resources and 
industry and does not provide sufficient support to 
those working in the agricultural sector. Another 
anomaly is that, although a large portion of the 
economy is devoted to agriculture, the majority of 
citizens are plagued by food insecurity: “recent sta-
tistics show that half of all Haitian households are 
able to meet less than 75 percent of their dietary 
needs” (Racine and Ogle 55). This incidence is 
most likely related to Haiti’s position in the global 
economy: “the prescribed strategy of producing for 
export while buying food for daily consumption is 
not a realistic option… because they have no way to 
break the monopoly that wealthy families and for-
eign investors have on the export markets” (Racine 
and Ogle 55). This neoliberal structure keeps Haiti 
and its lower class in the grasp of first world coun-
tries and the Haitian elite. Under these conditions, 
it is nearly impossible for Haitian farmers to sell 
their goods in the local markets, which are simul-
taneously being inundated by cheaper imported 
goods from developed countries, such as sugar 
from the United States. Through the globalization 
of markets, Haitians, as well as other citizens of 
third world nations, are “given a spot in the mar-
ket that causes the poor to become even poorer and 
the strong to become even stronger” (Bell 120). This 
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power struggle between Haiti’s market and those of 
other countries perpetuates a trend of dependency.

4. The Role of Female Peasants in 
Agriculture 

Female peasants constitute the majority of 
those working in the agricultural sector and there-
fore are the most disenfranchised by the trend of 
globalization. “The production through which 
women used to be able to maintain their livelihood 
and culture is being destroyed” and despite wom-
en’s critical roles in the early successes of agricul-
ture, they receive little recognition and continue to 
maintain a low status in Haitian society (Bell 120). 
“While women assert that they are the poto mitan, 
central pillar, of society, they are also quick to point 
out that they are the most defavorize, marginalized, 
within the klas defavorize, marginalized class” (Bell 
18). This is due to the fact that in patriarchal societ-
ies, women are considered to be subservient to men 
(Lerner 1986). This way of thinking led to women 
earning a much lower wage than men: “the practice 
of underpaying women for their labor rests on a 
prevalent myth—that women are not the breadwin-
ners” (Bell 19); since it is assumed that most of these 
women are married, the gap in their income is seen 
as reasonable since their husbands earn the majority 
of wages and that women’s salaries are supplemen-
tal. However, this assumption is inaccurate, because 
even if a woman is married, her husband’s income 
might not be sufficient enough to meet the financial 
needs of the family. In fact, “in as many as 60 per-
cent of families, women bear the sole responsibility 
of child support, stretching their meager financial 
resources far beyond their limits” (Bell 19).

Knowing that Haitian women are gener-
ally responsible for bearing, rearing, and provid-
ing for their children, it can be assumed that if 
the women struggle then their children will also 
struggle. Research conducted by United Nations 
Development Program in the Western Hemisphere 
concludes that Haitian women “ tie for worst, or 
rank second worst, in the following: economic 
equality with men, political and legal equality, social 
equality, life expectancy, mortality in childbearing 
years, fertility, university enrollment, female adult 
literacy, percentage of paid employees, and per-
centage of professionals” (Bell 18). This perpetual 
cycle of poverty and lack of education and support 
can only be seen as the inequalities of a disastrous 
future for the country; “a quick glance in villages 

throughout Haiti confirms that women, along with 
their children, suffer most under the weight of the 
injustices” (Bell 18). The difficulty of living under 
such harsh conditions has caused many of these 
women to abandon their jobs and search for work 
elsewhere, either in the capital of Port-au-Prince, 
in the neighboring Dominican Republic, or in the 
United States, where, oftentimes, they face even 
more difficulties than they had while living in the 
countryside. Several of those who choose to leave, 
immigrate illegally and are subjected to violence and 
human trafficking.

CONCLUSION
 The colonial and slave-state structure once 

responsible for Haiti’s preliminary success in agri-
culture has become its source of current environ-
mental degradation, economic dependency, and 
social injustice. While the bridges connecting impe-
rialism to globalization, poverty to environmental 
overexploitation, and inequality to social status 
continue to be fortified by race, class, and gender, 
the bridges uniting the Haitian people, govern-
ment, and environment, built upon a foundation of 
collaboration, support, and education, have been 
neglected. Interestingly, the findings presented in 
this paper lead back to the same questions used to 
analyze them: “why Haiti?” and “what makes it the 
exception and not the rule?” Although Haiti has 
undoubtedly suffered a long history of the afore-
mentioned issues, it is not the only country to have 
done so. Countries with colonial and slave legacies, 
although also ridden with serious social, environ-
mental, economic, and political problems, have nev-
ertheless fared better than Haiti when faced with 
the threats of both natural and social disasters. If 
there is an exception then there must be a rule, and 
it is within this rule that the improvement of Haiti’s 
condition lies. 

Individuals in Haiti, rich and poor, male and 
female, and of all races, should actively participate in 
the formation of this rule by supporting the efforts 
to blend traditional farming techniques with mod-
ern sustainable agriculture, provide basic education 
and health services for its population, pay workers a 
livable wage and train them beyond the service sec-
tor, produce a healthy and professional middle class, 
ensure a democratic political system, and allow the 
state to make life-affirming decisions for its citizens 
without the threat of foreign control or foreign 
disinvestment (Polyné xxiv). Further investigation 
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should be done to show how Haiti’s development 
model can implement specific and progressive strat-
egies taken by countries with similar colonial histo-
ries, but promising futures, to improve their envi-
ronmental, social, and economic standings. 

Nevertheless, the obstacles that Haiti faces 
are great and many, coming from both internal and 
external agencies and a long-standing culture of cor-
ruption and dependence. Politicians, intellectuals, 
and activists have debated and analyzed many of 
Haiti’s major issues, and are unable to unanimously 
identify one causal and effectual relationship and 
propose one clear and applicable solution. However, 
the consensus appears to be that the construction 
of a new and fully independent Haiti is unrealistic, 
and that the only way for Haiti to transition from a 
state of emergency to one of recovery and growth, 
would be for it to take into account all of the fac-
tors that brought it to where it is now and use that 
knowledge during the process of reconstruction to 
build a grounded and efficient framework (Polyné 
244). This framework would need to be authored 
by strong, disciplined, and consensual leaders who 
are knowledgeable about Haiti’s history and seek 
the opportunities that are open to this country and 
push forward with them (Polyné 250). In addition 
to implementing and changing structural policies, 
Haiti will also need to discerningly accept aid from 
members of the international community that are 
supportive of its goals of an interdependent and sus-
tainable future. It is impossible to completely pre-
vent the likelihood that a natural disaster will occur 
in Haiti, or any country for that matter, however it 
is possible to reduce the negative social forces that 
exacerbate them and oftentimes result in social 
disasters that are far worse in magnitude. 
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INTRODUCTION
Our study supports the notion that users 

of biometric identification will rise over time. 
Biometric identification is the verification of a spe-
cific individual’s identity based on a unique physical 
characteristic that all people typically possess; such 
as fingerprints, faces, or irises (Maltoni, Maio, Jain, 
& Prabhakar, 2009). This method directly identi-
fies the user, rather than traditional methods that 
identify something the user knows or owns, such 
as passwords or swipe cards (Maltoni, Maio, Jain, 
& Prabhakar, 2009). These can be shared, stolen, 
or lost, unlike biometric identifiers, making the 
latter option potentially more secure. Biometric 
identification was originally implemented in crim-
inal cases by law enforcement, however its poten-
tial to decrease identify fraud makes it more widely 
applicable (Maltoni, Maio, Jain, & Prabhakar, 2009). 
Other instances in which it is already used today 
include entrance at theme parks, smart phone 
devices, border control, and mobile banking. The 
reach of biometrics is sure to expand to many other 

applications in the future, as it is a useful and flexi-
ble technology. 

These systems function by first requiring an 
enrollment phase in which the biometric trait is 
presented and a software algorithm extracts salient 
characteristics to create a biometric template asso-
ciated with the individual, which is stored in the 
database (Jain & Nandakumar, 2012). Then, when 
the enrolled user needs to be authenticated, he or 
she presents the same biometric trait, called a query, 
which is compared to the template by a biometric 
matcher that produces a matching score reflecting 
the similarities of the samples (Jain & Nandakumar, 
2012). If the matching score passes a predetermined 
threshold it is accepted, and if not, it is rejected.

This type of identification poses certain inher-
ent limitations since matches will not be completely 
perfect due to minor changes in the biometric 
trait, such as a scar on a finger, facial accessories, 
or even presenting the trait at a different angle or 
rotation. This produces two types of errors called 
false negatives and false positives. False negatives 
occur when an enrolled user is denied access due 
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Biometrics, the identification of specific individuals by unique physical characteristics – like fin-
gerprints, irises, or facial features – promises greater convenience and security than traditional 
methods since physical features cannot be lost or forgotten. Our study explores practical imple-
mentations of biometrics, especially its projected growth in the field of mobile transactions. 
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to low match similarity, which could be caused by 
poor sensor quality or changed positioning of the 
biometrics trait (Jain & Nandakumar, 2012). False 
positives occur when two different biometric sam-
ples are deemed similar enough to be matches 
and an un-enrolled attacker gains access (Jain & 
Nandakumar, 2012). Additionally, there are adver-
sarial attacks, deliberate attempts to manipulate 
the system to gain access without enrolling (Jain 
& Nandakumar, 2012). Such attempts include what 
are known as spoof attacks, in which one presents 
a non-living fake biometric trait to the sensor (Jain 
& Nandakumar, 2012). One way to prevent spoof 
attacks would be to include liveliness tests to ensure 
the biometric sample being collected is in fact 
from a live user. Other more cryptographic attacks 
include what are called hill-climbing attacks and 
template reversing attacks. During a hill-climbing 
attack, the biometric feature is artificially tweaked 
to increase the matching score until the threshold 
of acceptance is reached (Martinez-Diaz, Fierrez-
Aguilar, Alfonso-Fernandez, & Ortega-Garcia, 
2006). A template reversing attack constitutes a 
hacker retrieving the biometric template, which is 
stored after enrollment, and using reverse engineer-
ing along with computational tools to revert it into 
the original biometric trait (Boulgouris, Plataniotis, 
& Micheli-Tzanakou, 2009). Cryptographic meth-
ods are deployed to protect against these attempts 
at fraudulent verification. Although there may be 
certain limitations to biometric technology, it is still 
believed to be more efficient and accurate at identi-
fication than traditional methods on average. 

The purpose of our study is to explore whether 
the claim that usage of biometric systems will 
increase over the years. This will be done by ana-
lyzing current statistics and past trends to create 
regression analyses, as well as tables based on logical 
reasoning that follow from plausible assumptions. 
Such evidence would provide companies with the 
necessary data to confidently invest in biometric 
features, as well as motivate policy makers to reg-
ulate its usage.

EXISTING APPLICATIONS
Though it is a new technology, biometric sys-

tems are already being put to use in everyday life. 
Due to the versatile nature of biometric technol-
ogy and the need for identification, biometrics can 
be used in different settings including the govern-
ment, the healthcare and finance industries, as well 

as through mobile devices. This section will detail 
current methods in which biometrics are employed 
to provide a sense of their usefulness. 

Government
One of the biggest instances in which biomet-

ric systems are deployed today is at customs and 
border control. In the United States, specifically, 
this technology is still in its beta phase. The Apex 
Air Entry and Exit Re-Engineering Project, created 
by Customs and Border Control (CBP) under the 
authority of the Department of Homeland Security, 
consists of three pilot programs (Bicchierai, 2015). 
The first of which, called The 1:1 Facial Recognition 
Entry Pilot program, has customs officers take a 
picture of randomly selected Americans, regard-
less of their consent, and uses a facial recognition 
algorithm developed by the CBP to compare it to 
their passport photo (Bicchierai, 2015). This serves 
to increase the country’s security by providing 
a more effective way to identify individuals who 
may pose a threat to homeland security. The sec-
ond initiative of CBP is the Biometric Exit Mobile 
Experiment, during which foreigners exiting the US 
will be regulated by CBP officers most likely using 
finger scanners that identify the individual and 
compare their information to that which they pro-
vided upon entrance to ensure that the non-citizens 
have not overstayed their permitted time (Biccierai, 
2015). Finally, the third pilot program, Pedestrian 
Biometric Experiment, replaces entry kiosks at the 
Otay Mesa border between the US and Mexico with 
devices that scan the faces and irises of travelers, in 
effect, increasing security measures and reducing 
public safety threats.

Another place in which biometrics is taking 
off is India. The Unique Identification Authority of 
India (UIAI) has associated each citizen with their 
respective demographic information, such as name, 
date of birth, address, and gender, with their bio-
metric traits including a photograph, each finger-
print, and iris scans of each eye (Gerdeman, 2012). 
Indian citizens have benefitted from being identi-
fied and documented since many residents did not 
have any official ID needed to obtain most govern-
ment services, such as ration cards or bank accounts 
(Gerdeman, 2012). Moreover, the UIAI reduces the 
incidences of fake IDs being used to fraudulently 
receive government benefits.
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Health Care Industry
In the health care industry, clinicians can use 

biometric systems to pull up and manage patient 
records. One company, Imprivata, provides soft-
ware that allows clinicians to scan their fingerprint 
at any workstation in order to verify their authoriza-
tion to view medical records instead of having to log 
in numerous times throughout the day (Imprivata, 
Inc., 2014). Expediting the process in this way not 
only leaves more time for patient care, but also com-
plies with HIPAA password policy regulations and 
heightens security (Imprivata, Inc., 2014). Another 
program Imprivata offers is called PatientSecure 
which links patients to their medical records via 
palm vein recognition (Imprivata, Inc., 2014). This 
allows enrolled patients to be quickly identified 
when they scan their palm in order to retrieve their 
medical files. The user friendly and non-intrusive 
qualities of palm vein recognition cause it to have 
a high acceptance rate among users (Imprivata, Inc., 
2014).

Finance Industry
In the finance sector, a new technology has 

become available that combines biometrics with 
credit cards. MasterCard has teamed up with Zwipe 
to create a credit card that eliminates the need for 
a PIN number (Chowdhry, 2015). Instead, after 
initially enrolling your fingerprint, you hold the 
card with your finger against the scanner on the 
card while waving it over a near field communica-
tion (NFC) compatible terminal (Chowdhry, 2014). 
Not only does it increase efficiency and usability, 
it is even more secure since the fingerprints are 
stored on the individual cards rather than an exter-
nal database (Chowdhry, 2014). Payment through 
biometric identification is very convenient com-
mercially in that consumers are always looking for 
more efficient, yet secure, ways to make purchases. 
Meanwhile vendors also benefit since buyers are 
more likely to impulse shop due to the expedited 
nature of using biometric identification systems.

Mobile
Biometrics can also be used to make payments 

through mobile devices. The two largest players are 
Apple and Samsung. Both big name companies have 
fingerprint authentication digital wallets, Apple Pay 
and Samsung Pay, which have recently been imple-
mented. The digital wallets function by storing 
credit and debit card information, which is verified 

as the owner’s by a biometric trait (fingerprint for 
Apple, or retina, iris, voice, face or fingerprint for 
Samsung), which allows the surface of the screen to 
be waved over a NFC scanner to complete a trans-
action (Seals, 2014). Eliminating physical cards like 
this benefits customers by reducing the instances in 
which hackers may lift card data from point-of-sale 
machines (Seals, 2014). 

SECURITY AND PRIVACY 
ISSUES

Although there are countless practical appli-
cations of biometric systems, risks also exist. One 
such risk includes security breaches, which can be 
defined as an unauthorized person gaining access to 
sensitive or confidential data. 

In addition to security issues, another type of 
risk is a privacy breach. A breach in privacy occurs 
when personal information becomes available 
to unauthorized individuals that can potentially 
harm the individual about whom the information 
described. Although privacy and security may seem 
similar, they are in fact distinct categories. Using 
credit cards to illustrate the difference, if someone’s 
credit card number was stolen, it would be a breach 
in security as the thief does not have any informa-
tion about the specific individual, besides perhaps 
their name, but may still inflict harm on them finan-
cially by using the credit card fraudulently. On the 
other hand, if a hacker was able to learn your shop-
ping habits, for example that you shop at Macy’s on 
every one day sale, or that you bought a pregnancy 
test, it could reveal a piece of personal information 
that you may not wish to disclose.

Although using biometrics for authentication 
is harder to fake or steal, it is still possible, and the 
resulting effects are greater. Since biometric infor-
mation cannot be changed or re-issued, if it were to 
be stolen, protecting security and privacy becomes 
more difficult, and consequently more problematic, 
as there is far more personal information associ-
ated with biometric data than a randomly generated 
credit card number or a bank account (Sadowski, 
2015). 

Government
Although governments have begun to employ 

biometric systems to solve security issues in border 
control and for identification purposes, biometrics 
is still in an early phase and has been compromised. 
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The United States Office of Personal Management 
(OPM) issued a statement in June 2015 announcing 
that its security had been breached by a Chinese 
cyber-attack and the fingerprints of at least 5.6 mil-
lion individuals had been stolen, thus constituting 
a privacy breach as well (Otto, 2015). Information 
breaches like this are worrisome and should be pro-
tected against at all costs because it gives adversaries 
the ability to create a database of personal informa-
tion about citizens that could be used to identify 
intelligence agents or defense personnel, which is 
exactly what experts predict China is doing (Sanger, 
2015). Although the ability to abuse fingerprint data 
is currently limited, it will grow in the future as bio-
metric systems are being increasingly implemented 
by government facilities, private companies, and 
personal devices.

Industry Specific
As previously mentioned, the health care 

industry, insurers, and clinicians alike can benefit 
from the usage of biometrics for secure identifica-
tion. However, it can be risky during the infancy 
of this technology since there are still bugs to be 
worked out, and a breach in a healthcare system’s 
security could cause major privacy issues. The sys-
tems of Anthem, a US health insurance company, 
were compromised in late January of 2015, exposing 
the names, dates of birth, home and email addresses, 
medical IDs, and social security numbers of up to 
80 million customers and employees (Osborne, 
2015). Although no medical or financial informa-
tion is believed to have been stolen, it raises con-
cerns that health care companies will be targeted 
for private data highly valued on the black market 
(Harwell & Nakashima, 2015). Medical records are 
now worth $10 on the black market, which is ten 
to twenty times the value of credit cards at $0.50 - 
$1 (Humer & Finkle, 2014). This can be attributed 
to the ability to freeze and cancel credit accounts 
after immediately detecting fraud, however, medi-
cal identity theft can go undetected by both patient 
and provider for years. Medical information in the 
wrong hands could lead to fraudulently filed insur-
ance claims or stolen prescription drugs, which is 
estimated to amount to tens of billions of dollars 
in loss annually (National Health Care Anti-Fraud 
Association, 2015). These possibilities coupled with 
the fact that health insurers, in general, do not have 
as high security as most financial companies makes 
health care one of the most highly sought targets 

for hackers (Harwell & Nakashima, 2015). Thus, it 
would be beneficial to implement biometric systems 
in order to safeguard private medical data more 
securely.

Mobile
While Apple Pay and Samsung Pay have been 

widely received positively, there may be setbacks 
with the integration of fingerprint technology 
in mobile devices. Within less than a week of the 
release of the iPhone 5s, hackers were able to gain 
access to the devices fraudulently despite expert 
opinions that fingerprints could not be foraged that 
easily (Revilla, 2015). This was achieved through a 
hack method called a gummy finger attack, essen-
tially extracting a fingerprint artificially and pre-
senting the non-living sample to the scanner (Jain 
& Nandakumar, 2012). Therefore, a hacker could 
either lift someone’s fingerprint off of something 
they touched or take a high definition photo of 
their fingers to create a rubber copy with a 3D print-
ing machine to which the phone will grant access 
(Seals, 2014). There are also more sophisticated 
ways of obtaining fingerprint images or bypassing 
security altogether. Di Shen, a security researcher, 
presented at the Black Hat Conference 2015 on his 
findings about how to exploit the Trusted Execution 
Environment, the section of a device that is sup-
posed to be isolated and completely secure, of a 
Samsung phone (Shen, 2015). His findings stated, “a 
local application is able to get fingerprint images or 
other encrypted data, disable signature verification 
of modem image and TA, load any module to TEE 
and modify the efuse data,” (Shen, 2015) thus illus-
trating the imperfect condition of current security 

in mobile devices.

RISK TO BENEFIT TRADE-OFF
It is widely known that if an application 

has many benefits, it will attract a large base. 
Additionally, one might be inclined to believe that 
if another such application had many privacy or 
security risks, the general population might be hes-
itant about using it. This leads to what we call the 
risk–benefit tradeoff; the idea that an application’s 
benefits outweigh the potential risks or vice versa. 
The perceived risk–benefit tradeoff is important 
to note when analyzing willingness to use a new 
technology since it is well known that most social 
media sites do not have strong privacy policies, but 
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are popular nonetheless, presumably due to their 
high-perceived benefits.

For example, Facebook revealed in June 2013 
that it had accidentally leaked six million users’ 
private information, such as email addresses and 
phone numbers to third parties over the course 
of a year. After publically admitting the mishap, 
Facebook stated that they had not received any cus-
tomer complaints (Shih, 2013). Moreover, according 
to Statista , the number of Facebook users in the 
United States from the year 2013, when the privacy 
leak was revealed, to the next year did not drop, but 
in fact increased by 4.9 million (Statista, 2015), 2015)
This goes to show that the public may be willing to 
overlook breaches in security or privacy if a service 
is seen as beneficial enough.. This goes to show that 
the public may be willing to overlook breaches in 

security or privacy if a service is seen as beneficial 
enough.

REGRESSION ANALYSIS
The purpose of this section is to analyze the 

trend in number of biometric transactions to deter-
mine if it is growing, especially via mobile mediums.

Hypothesis: As we have previously noted, there 
are risks of privacy leaks and security breaches, how-
ever, this will not have a significant negative effect 
on the usage of biometric systems because user per-
ceived benefits will outweigh perceived risks.

Support: First, as companies use white hat 
hackers to identify the bugs in their systems, new 
updates will be released that are even more secure 

FIGURE 1: This regression analysis was created using data regarding the number of smart-
phone users over the years from a statistics company called Statista in software called 
Minitab. A linear model was used rather than a quadratic model, as there was a discrepancy with 
the quadratic model in that after reaching the apex, the values would decrease toward negative 
infinity, which is not logical in this situation. A logarithmic model would perhaps be most realistic, 
however the available software did not support that option.
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than previous versions. This is evidenced by the exis-
tence of hacker conferences such as the “Black Hat 
Conference” wherein many devices are reviewed 
and thereafter improved (Shen, 2015). The security 
teams of specific companies also work to update 
their systems, as demonstrated when Facebook’s 
team stopped the leak within twenty-four hours of 
being notified about it (Shih, 2013). 

Additionally, as time progresses and biometric 
systems are used more commonly on larger scales, 
solid standards will be established to ensure that 
each unit’s security system is high quality. One such 
standard establishing organization is the FIDO 
(Fast IDentifying Online) Alliance whose mission it 
is to “change the nature of authentication by devel-
oping specifications that define an open, scalable, 

interoperable set of mechanisms that supplant reli-
ance on passwords to securely authenticate users of 
online services” (FIDO Alliance , 2015). Once a set 
of common standards is established making systems 
more reliable and easy to operate, users will feel 
more secure, thus causing the population of biomet-
ric users, and therefore transactions authenticated 
by biometrics, to grow.

Hypothesis: Since biometric systems are a fairly 
new technology, we do not have sufficient data to 
create a regression line to predict future usage. To 
navigate around this issue, we claim that biometric 
system usage resembles that of smart phones. 

Support: The assumption that these two data 
directly correlate to one another is based on the fact 

FIGURE 2: This flow chart illustrates a breakdown of the percentages of the different ways electronic 
payments were made in 2014 and are assumed to stay constant. The percentages that are not shown 
under telephone were left out since they are so small they would be negligible. The percentages under 
laptop/computer were left out since there is not much information regarding biometric usages through 
those mediums due to the fact that biometrics is not largely used on laptops or computers, so they can be 
regarded as negligible as well. 
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that more smart phone companies are incorporating 
biometrics by using fingerprint scanners to unlock 
phones. It is also assumed that those who are inter-
ested in using new technology, such as smart phones, 
will also be willing to use biometrics in other appli-
cations. This is based on the notion, supported 
by scientific study, that acceptance of technology 
in general is based on user trust and interest in it 
(Miltgen, Popovic, & Oliveria, 2013). Thus, if we 
analyze the upward trend in the number of smart-
phone users, as reported by Statista , we can use it to 
draw conclusions about the trend in the number of 
users of biometric systems. Figure 1 is a linear graph 
depicting the rate (24.21) at which smartphone users 
will increase over time. As explained above, it is 
comparable to the rate at which biometric users will 
increase over time and will be used in the prediction 
of future transactions authenticated through mobile 
biometrics.

Hypothesis: We predict that biometrically 
authenticated mobile payments will dominate 
e-commerce in the US beginning at $7.72 billion 
spent in 2014, increasing to $10.26 billion in 2019.

Support: In 2014 alone, about 26.8% of e-com-
merce payments were made through mobile phones 
and tablets (Statista, 2014). Samsung and Apple 
products made up about 68% of those products 
(Cheng, 2014). We can assume that every iPhone and 
Samsung smartphone will have a biometric sensor 

by the year 2016, as they are already being incor-
porated and are unlikely to be removed in newer 
models. Other cell phone and tablet companies are 
likely to follow with their own versions of biometric 
sensors as well, making our percentage of biomet-
ric capable devices on the lower end. Additionally, 
according to USA Today, 83% of iPhone 5s users 
reported using the Touch ID biometric feature to 
unlock their phones (Stephans, 2014). Thus, we can 
assume that about roughly the same percentage of 
people will be likely to authenticate a transaction 
using biometric techniques since they felt comfort-
able using it to unlock their phone. These statistics 
are visually represented in the breakdown of how 
electronic transactions are paid in Figure 2.

Based on the above statistics, we can calcu-
late that the percentage of payments authenticated 
though biometrics on a mobile device in the year 
2014 is 15.13%. We arrive at this figure by taking the 
83% of people who would choose to authenticate 
through biometrics out of the 68% of people who 
had devices with biometric capabilities out of the 
total percentage, 26.8%, of mobile electronic pay-
ments. Then, in order to arrive at the quantitative 
amount of money in transactions authenticated 
through biometrics via mobile devices in 2014, we 
take 15.13% of the total $51 billion (Statista, 2015) 

Percentage of mobile 
payments authenticated 
via biometrics

Quantity of money 
made through mobile 
payments

Money made through 
mobile payments 
authenticated through 
biometrics

2014 0.68*0.83*26.8
= 15.13%

$51 billion $7.72 billion

TABLE 1: This table serves to illustrate how the percentage of mobile payments authenticated 
via biometrics was calculated, as well as how we arrived at the quantity of money made through 
mobile payments authenticated through biometrics. The percentages from the previous figure 
leading to bio-authenticated biometric mobile devices were multiplied together to find the total 
percentage of mobile payments authenticated via biometrics, 15.13%. The quantity of money made 
through mobile payments in 2014 was found on the site Statista. Then 15.13% was multiplied by $51 
billion, the quantity of money made through mobile payments, to obtain $7.72 billion, the money 
made through mobile payments through biometrics.
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spent on transactions made through mobile devices 
to get $7.72 billion.

To move from the amount of money made 
through mobile payments authenticated via biomet-
rics in 2014 to the subsequent years, we must deter-
mine the rate of change. In order to do so, a second 
regression analysis was created, pictured above in 
Figure 3. The red line shows the trend in the percent 
change of users over time, based on the data found 
in Figure 1, calculated by the equation ; wherein y 
is the number of users and is represented on the 
graph by a black dot. The purple dots represent the 

predicted values for the following years and there-
fore follow the trend line.

Assuming that each user’s biometric transac-
tions are the same amount of money on average, the 
percent change in biometric users is assumed to cor-
relate directly to the amount of money spent in bio-
metrically authenticated transactions. Thus, we are 
able to take the projected percent increase in users 
as determined in Figure 3 and apply them to the 
previous year’s estimated amount of money made 
though mobile payments authenticated via biomet-
rics in order to obtain to next year’s amount and so 
on. The following table visually demonstrates the 
projected increase in money made through mobile 

FIGURE 3: This trend line was created through a regression analysis of the percent change in 
users of biometrics each year using the program Minitab. The line’s negative slope indicates that 
users of biometrics are increasing at a slowing pace, which reflects the stabilizing that occurs in the rate 
of a logarithmic function as it approaches its asymptote. Once again, a logarithmic model would be 
more realistic than the quadratic equation, however the available software did not support that option.
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transactions that were authenticated using biomet-
rics over the years. 

As seen in Table 2 above, following the suc-
cessive percent increase rates, in the year 2019 we 
arrive at the figure $10.26 billion as the quantity of 
money made through biometrically authenticated 
mobile transactions.

FUTURE APPLICATIONS
As a very versatile technology, which is pro-

jected to grow, there are many avenues through with 
biometrics can be implemented. One such way to 
make use of biometric systems is to employ them in 
universities to identify students for exams.

Currently, the common protocol for large 
classes across universities requires students to bring 
an identification card to prove they are a student 
enrolled in the class. Though this process works for 
the most part, there are a few major gaps in its func-
tionality, which can be solved by replacing it with 
a fingerprint scanner. For instance, while ID cards 
are easy to lose or forget, the same cannot be said 
of fingerprints. An increase in security would result 
since those enrolled in the class would not be denied 
access solely because they do not have their identifi-
cation on them, effectively increasing true matches. 
Additionally, it would provide an extra layer of pro-
tection, as it is much harder to impersonate some-
one when checking fingerprints.

However, as aforementioned, there are some 
limitations which could lead to false negatives that 
could lead to incorrect accusations of cheating, a 
major issue. Thus, in the beginning stages, it would 

be advisable to implement a backup system of iden-
tification to supplement the biometrics in case of 
a failure or any inaccuracies, however, as time goes 
on and biometrics becomes more sophisticated and 
the standards solidify, it will become more reliable.

CONCLUSION
As biometric technology becomes increas-

ingly useful in everyday life, it is vital to evaluate its 
social acceptance and the associated privacy/secu-
rity issues. According to our findings, in the coming 
years the number of biometric users will increase, 
thus it would be prudent to invest in biometrics 
by not only implementing more systems, but also 
making better, more reliable systems relying on new 
standards that are sure to follow. 
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INTRODUCTION
Wildlife crimes are common in Florida yet 

there are few studies that evaluate the factors of 
natural resource enforcement and the occurrence 
of wildlife violations. The Florida Fish and Wildlife 
Conservation Commission Law Enforcement 
Division (FWC) is tasked with monitoring 
human-environment interactions and protecting 
the natural resources across the state of Florida. 
FWC employs over 800 sworn officers to patrol the 
waterways and hunting grounds of the state. This 
includes 53,927 square miles of land and 5,983 square 
miles of waterways (Brewer, 2011). 

Wildlife crime is defined by Muth and Bowe 
(1998) as “[a]ny act that. . . contravenes the laws and 
regulations established to protect wild, renewable 
resources, such as plants, mammals, birds, insects, 
reptiles, amphibians, fish and shell fish” (as cited in 
Crow et al., 2013, p. 637). Crow et al. (2013) further 
defined four narrower categories of wildlife crime: 

1) Illegal Taking or Methods, 2) Illegal Possession of 
Wildlife and By-products, 3) Improper Permitting, 
and 4) Conservation-related Offenses. The first 
two categories could also be classified as poaching. 
This includes, but is not limited to, hunting out of 
season, using incorrect equipment, and possess-
ing wildlife that is under or oversized. Improper 
Permitting is a failure to possess the appropriate 
fishing or hunting license required for that specific 
activity. Approximately 50% of the wildlife offenses 
that occur in Florida involve improper permitting as 
defined by State Statute Chapter 379. Conservation-
related Offenses violate laws designed to protect 
natural habitats. Examples include littering and 
trespassing on protected lands and management 
areas (Crow et al., 2013). It is important to note that 
Conservation-related Offenses do not necessarily 
need to occur on conserved lands.

Unfortunately, data from FWC only includes 
those violations that were detected and reported. 
It is believed that Florida has 1.2 million anglers 
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An Examination of Wildlife Crime on the Treasure 
Coast: Do Crime Detection Rates Differ on 
Conservation Lands?
Kelsey Doyle & Tobin Hindle

In 2015, the Florida Fish and Wildlife Conservation Commission Law Enforcement Division 
(FWC) recorded 11,869 criminal violations. A majority of which are “wildlife crimes”, or crimes 
committed against the environment. The ratio of FWC officers to anglers and hunters is greatly 
disproportionate, and it is estimated that most wildlife crimes go undetected. The current study 
will examine the locations of poaching and conservation-related tickets issued on the Treasure 
Coast of Florida in an effort to better understand the predictors of wildlife crime detection.  
Overall, approximately half of the tickets issued as a result of a wildlife violation occurred on 
conservation lands, as defined by the Florida Natural Areas Inventory. In addition, in all three 
counties, the percentage of crimes detected on conservation lands was larger than the percentage 
of the county area designated as conserved, indicating a higher probability of detection in the 
conserved areas. 
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and 200,000 hunters. This translates into a ratio 
of 1,750 hunters and fishermen per individual FWC 
officer (Law Enforcement, n.d.). Several researchers 
have argued that this small ratio likely means that 
most wildlife offenses go undetected. Furthermore, 
“estimates of the ratio of discovered offenses to 
actual offenses range from 1:30 to 1:83”, according 
to Eliason (2003), Green et al. (1998) and Kaminksy 
(1974) (as cited in Crow et al., 2013). Therefore, it is 
imperative that negative human-environment inter-
actions be better understood and predicted. 

Conservation criminology is a growing dis-
cipline of study that seeks to understand the rela-
tionships between human behavior, environmen-
tal crime and natural resource conservation. Gore 
(2011), a supporter of conservation criminology, 
states “[s]uch [knowledge] can help us better define 
strategic policy goals and generate effective and 
appropriate conservation actions” (p. 660). The cur-
rent study will expand the comprehensive under-
standing of conservation criminology by investi-
gating poaching and conservation-related crime 
detection rates within conservation lands and in 
non-managed areas. 

This snapshot study will examine the detec-
tion rates within the counties of the Treasure Coast 
of Florida for the year 2015. It is expected that more 
crimes will be detected on conservation lands, based 
on research conducted by Stretesky et al. (2010), dis-
cussed below.

Determining the detection rate variability by 
land category allows an additional spatial element 
to be included in other studies. For example, Crow 
et al. (2013) studied wildlife crime offender profiles 
in the state of Florida. It could be beneficial to con-
tinue that study and determine whether offender 
profiles differ based on the category of land. In 
addition, there is little research that explores the 
daily activities of FWC or other fish and wildlife law 
enforcement officers. If there are significant differ-
ences in detection rates, then that would indicate a 
need to evaluate the enforcement efforts in conser-
vation areas. 

LITERATURE REVIEW

Predictors of Wildlife Crime and 
Detection

Although conservation criminology is a grow-
ing field, presently there is limited research on this 

subject matter. A study conducted by Stretesky et al. 
(2010) showed an association between the presence 
of conservation organizations and the detection of 
wildlife crimes in all 67 counties of Florida, based on 
records from 2009. An ordinary least squares (OLS) 
multiple regression was used to control for several 
factors including “the number of [FWC] officers, 
the location of natural resource targets (conserva-
tion land and water), potential offenders, propor-
tion of the county’s population that is rural, and the 
economic benefits derived from natural resource 
use” (Stretesky et al., 2010, p. 401). This study con-
trols for the number of conserved acres in a county, 
as defined by the Florida Natural Areas Inventory; 
however, it does not differentiate on which land 
category a crime occurs. To clarify, this study states 
that the number of conserved acres influences the 
overall number of wildlife crimes detected in that 
county, but does not specify where those crimes are 
detected. More conserved land in a county could 
mean that more resources are devoted to the area as 
whole, not specifically to the conserved areas.

Stretesky et al. (2010) concluded that “each 
additional [conservation] organization in a county 
is associated with somewhere between 17.4 and 64.6 
additional violations detected” (p. 407). The asso-
ciation is stronger for those counties with greater 
numbers of natural resource officers. The results 
revealed a small correlation between the number 
of conserved acres and the number of conserva-
tion organizations; as the number of conserved 
acres increased, the detection rates increased too. 
In addition, the study ruled out any influence as a 
result of social disadvantage. The results showed 
that race, ethnicity and income of a community did 
not predict the detection of violations (Stretesky et 
al., 2010).

Although offender profiling is not directly 
linked to crime detection, this information can be 
used to improve detection efforts. Profiling based 
on racial characteristics is illegal, but law enforce-
ment officers use behavioral patterns to help detect 
criminal acts. Eliason (2013) conducted surveys and 
phone interviews of Montana Game Wardens. The 
study aimed to evaluate how profiling techniques are 
used by game wardens in the process of apprehend-
ing poachers. The research concluded that over lon-
ger time periods, game wardens identified potential 
offenders by observing behaviors and characteristics 
such as living off of some form of disability, viewing 
natural resources as a commodity or right, obsessing 
with trophy animals, or exhibiting extreme hunting 
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success year after year. First impressions also played 
a role. These impressions were based on behaviors 
including waving too much or too little, the condi-
tion of equipment, or vehicle characteristics such 
as presence of hunting-related bumper stickers 
(Eliason, 2013).

METHODOLOGY

Study Area
The study area, as shown in Figure 1, includes 

all three counties of the Treasure Coast of Southern 
Florida: Indian River County, St. Lucie County 
and Martin County. The whole area encompasses 
1,043,840 acres, which are monitored by 33 FWC 
law enforcement officers. FWC divides the state 
into five regions: Northwest, North Central, 
Northeast, Southwest, and South. St. Lucie and 
Martin Counties both fall within the South Region. 
Crow et al. (2013) state “the south region is home 

to more marine-based recreational opportunities, 
resulting in an increased likelihood of fishing and 
marine conservation offenses being committed, 
and thus cited” (p. 648). Even though Indian River 
County is a part of the Northeast Region, this 
description holds true for this county as well (Law 
Enforcement, n.d.).

The study area contains 223,630 acres of con-
servation lands as defined by the Florida Natural 
Areas Inventory (FNAI) (Acres of Conservation, 
2015). A property must be mostly undeveloped and 
the managing agency “must demonstrate a formal 
commitment to the conservation of the land in 
its natural condition” (FNAI, 2015, p.1) to be con-
sidered “conserved land”. This land can be owned 
by federal, state, local, or private means. It can 
also include lands that are in the process of being 
actively restored to their natural condition (FNAI, 
2015). 

Figure 1 Locations of Wildlife Crimes

Location of wildlife-related ticketConserved area
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Data and Methods 
Data were collected from FWC through a 

public record request. The database included all 
tickets issued by FWC officers in 2015 throughout 
the state. Originally, there were 451 violations and 
364 separate tickets listed for the Treasure Coast. 
If a ticket included multiple violations, it was only 
counted one time for the purpose of this study. 
Non-wildlife offenses, cases without longitude and 
latitude coordinates, and cases with incorrect lon-
gitude and latitude coordinates were eliminated. 
One ticket was listed under Martin County, but the 
coordinates placed it within St. Lucie County. This 
ticket was kept as part of the study and was added 
to the St. Lucie County dataset. Permitting viola-
tions, as defined under state statute 379.354, were 
eliminated as well. These violations were removed 
from the dataset in an effort to focus on events that 
caused physical harm to the environment. Thus, the 
data used for this analysis consisted of 221 tickets 
(Resource Citations, 2015). 

FNAI GIS data was utilized to map the con-
servation lands of the Treasure Coast (Florida 
Natural, 2016). Once this information was uploaded 
into ArcGIS, then the locations from the 221 tick-
ets were plotted as well (Figure 1). Based on the 
map, tickets were classified as occurring within 

conservation lands or non-managed areas according 
to location. 

The data collected from this map were 
descriptively analyzed into percentages of crimes 
discovered by land category in each county, and then 
in the Treasure Coast as a whole. All three counties 
are similar in size (less than a 45,000-acre differ-
ence), but St. Lucie County has a significantly lower 
percentage of acreage devoted to conservation (9%) 
as compared to Indian River and Martin Counties 
(30% and 27% respectively) (Acres of Conservation, 
2015). For this reason, rates were used to compare 
crime events within and among each county. The 
rates were calculated by dividing the number of 
crimes by the corresponding acreage for that land 
category. For example, the number of crimes com-
mitted on conservation land in St. Lucie County was 
divided by the acres of conservation land within St. 
Lucie County. This was done for each county indi-
vidually, and then for the Treasure Coast as a whole. 

FINDINGS AND DISCUSSION
Figure 2 presents the wildlife citation rates of 

the Treasure Coast. These data include tickets issued 
for poaching and conservation-related offenses. 
When all tickets from the Treasure Coast were ana-
lyzed, approximately half (48.4%) were found to 
have occurred within conserved lands. A majority of 

Figure 2 Tickets Issued by County and Land Category
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these tickets are violations of administrative codes 
pertaining to specific animals such as snapper, grou-
per, stone crab and numerous other protected species. 
Others cite violations of state park rules and regula-
tions but do not mention any specifics about the sit-
uation. Conservation-related offenses include littering 
offenses not exceeding 15 pounds (Resource Citations, 
2015). This is only a few examples out of the dozens 
of different types of tickets issued. 

Indian River County issued 47 wildlife-related 
tickets in 2015. Almost 66% of these occurred on 
conservation lands. Martin County data yielded a 
similar outcome (58.4%) from 101 offenses. The last 
county, St. Lucie, had a lower percentage (23.3%) 
based on 73 offenses. 

In an attempt to understand the varying per-
centages as described above, crime detection rates 
were calculated per 10,000 acres of land. Rates were 
compared between the different land categories 
and among the counties. The results are shown in 
Figure 3. 

The crime detection rates per 10,000 acres are 
higher in the conserved lands for all 3 counties, as 
compared to non-managed areas. Detection rates 
in conserved areas ranged from approximately 3 
to 6 crimes per 10,000 acres. Non-managed lands 
yielded less than 2 crimes detected per 10,000 acres. 
Indian River County had less than 1. In Indian River 
County, detection rates on conserved lands are 

approximately 4.6 times the non-managed rates. 
This is followed by Martin County at approximately 
3.87 times, and St. Lucie County at approximately 
3.02 times.

These methods of analysis do not control for 
other variables such as the number of FWC officers, 
the number of conservation organizations, or demo-
graphics of each county. As stated earlier, there is a 
study that states detection rates are not affected by 
the socioeconomic status or the ethnicity and race 
of a community (Stretesky et al., 2010), therefore it 
is unclear whether demographics would affect the 
results of this analysis.

 There are two other significant weaknesses of 
this research. The first pertains to the study area. 
There are 67 counties in Florida which vary greatly 
in habitat, land use and other factors. The geogra-
phy of an area can determine the types and numbers 
of crimes that occur (Crow et al., 2013). The three 
counties examined in this study are relatively simi-
lar to one another, therefore it may not be accurate 
to infer these results for the entire state. Second, 
the data for this study is limited to tickets that were 
issued by FWC officers. It would be beneficial and 
more complete to include occurrences of verbal and 
written warnings, and data from other law enforce-
ment agencies. 

Figure 3 Crime Detection Rate per 10,000 Acres
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CONCLUSION
The probability of a wildlife crime being 

detected is greater on conservation lands than on 
non-managed lands, as expected. The percentage 
of crimes caught within conserved lands is larger 
in all three counties than the percentage of the 
county designated as conserved. For example, 65.9% 
of wildlife crimes in Indian River County were 
detected on less than 30% of the county area. This is 
further supported by the detection rates. The detec-
tion rates on conserved lands are on average 3.83 
times the rate of detection on non-managed lands. 

There are numerous variables that could con-
tribute to this higher detection rate in conservation 
areas. First of all, the publicly owned conservation 
lands are often designated as such due to specific 
habitats or species that are found there. These same 
characteristics can attract recreational users. It is 
possible that these areas are the most commonly 
used for hunting, fishing and other outdoor activi-
ties, which would lead to a higher concentration of 
people and consequently a higher number of crimes. 
Detection rates often do not represent actual crime 
rates (Crow et al., 2013), therefore it is unknown 
if the higher detection rate reflects a higher crime 
rate. On another hand, the designation as conserved 
could encourage more proactive responses from law 
enforcement, which could also lead to higher detec-
tion. The higher detection rates could reflect more 
aggressive efforts, such as officers spending more 
time in these areas, or officers writing more tickets 
rather than warnings. Furthermore, conservation 
lands that are privately owned cannot be patrolled 
on a regular basis by law enforcement. The FNAI 
map used in this study did not distinguish between 
the different ownerships of the conservation lands. 
This may also play a role in detection rates. It is 
evident that an explanatory study on this topic is 
needed to fully understand the situation. 

Regardless of the reasoning for the higher 
detection rates, it may be beneficial for local author-
ities to encourage the designation of more conser-
vation lands. As stated earlier, conservation lands 
can be owned by public or private means. Currently 
a very small percentage of the existing conserva-
tion lands are privately owned; approximately 2.3% 
within the Treasure Coast (Summary, 2016; Acres of 
Conservation, 2015). Private land owners can give 
up certain rights to a managing agency who would 
take responsibility for maintaining the natural con-
dition of the land. This could be used to encourage 

local citizens to help protect and preserve the 
environment in a way that requires little effort or 
action on the citizens’ part. Organizations such 
as state colleges and universities, as well as other 
education-based organizations, can designate land 
as conserved to help re-enforce the importance of 
protecting the environment, and can use the land 
as an additional instructional tool. There are several 
benefits that individuals, organizations or whole 
communities can gain by designating more land as 
conserved. These benefits should be better commu-
nicated to the public. 

It has been established that the size and pres-
ence of conservation areas varies among the three 
counties in this study. It is not clear why such dif-
ferences exist, and this is a topic that needs to be 
explored. Nonetheless, further analysis of the 
Treasure Coast could benefit other parts of Florida 
in assessing wildlife crime rates and patterns. 

In closing, it is unrealistic to expect that all 
crimes against the environment can be prevented, 
or even detected, through traditional officer patrols 
alone. Monetary resources are limited statewide 
for employing FWC officers and supporting these 
officers with the necessary equipment to perform 
their jobs effectively. Therefore, alternative meth-
ods to increase detection rates and decrease crim-
inal acts need to be further examined and imple-
mented. For example, improving education on 
wildlife-related laws and regulations (D’Lima & 
Marsh, 2013), increasing the number of conser-
vation organizations in a county (Stretesky et al,, 
2010), or increasing the number of conserved acres. 
In the meantime, the environmental stewards and 
law-abiding citizens of the Sunshine State can assist 
law enforcement efforts by reporting suspected nat-
ural resource violations to the FWC’s Wildlife Alert 
Reward Program at 888-404-FWCC (3922).
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INTRODUCTION
Coordination polymers are described as a 

compound that joins metal ions through organic 
moieties (linkers) in one, two, or three dimensions.1 
Metal-organic frameworks (MOFs) are a class of 
coordination polymers that possess permanent 
porosity that can be applied in molecular recogni-
tion and separation, gas storage, catalysis, sensing, 
drug delivery, display technologies, luminescence, 
and biomedical imaging.15,5,11,8 MOFs with lumines-
cence and bioimaging properties in the nanoscale 
size are currently being studied for promising use in 
biomedical imaging.12 

Although MOFs have only been extensively 
studied for about fifteen years, there are many publi-
cations that describe compound synthesis and char-
acterization, with increasing attention on the syn-
thesis of MOFs in the nanometer scale.12,7 William 

et al. report that the majority of nano-sized imaging 
entities are constructed by inorganic materials only, 
including quantum dots, superparamagnetic metal 
oxides, and gold nanoparticles.12 MOFs differ from 
these compounds in not only the presence of an 
organic component, but also their porosity that can 
be potentially used for combined imaging and drug 
delivery, known as theranostics8. 

With an interest in developing MOFs for bio-
imaging purposes, trivalent lanthanides (Ln) are an 
ideal selection as the inorganic metal cation in the 
construction of nanoMOFs (nMOFs). Ln centers 
allow for multimodal imaging; europium (Eu) and 
terbium (Tb) provide visible luminescence upon 
excitation by ultraviolet (UV) radiation, which can 
be differentiated from natural biological auto-flu-
orescence due to the relatively long luminescence 
lifetimes of Ln ions.9 Lanthanides also possess 
magnetic properties, especially gadolinium (Gd) 
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This study focuses on the solvothermal synthesis of two lanthanide-based coordination poly-
mer/metal-organic framework systems assembled from 1,3,5-benzenetricarboxylic acid (BTC) in 
the nano-sized regime for use as bioimaging agents. These materials were synthesized using two 
different lanthanide ions, a luminescent center (Eu, Tb) for optical imaging purposes and Gd, 
whose magnetic properties are particularly beneficial in magnetic resonance imaging (MRI) as 
a contrast agent. Together, these two features allow for multimodal imaging, useful in the study 
and diagnosis of disease. Under identical reaction conditions, two different compounds were 
formed upon changing the identity of the optically active lanthanide metal ion. Compound 1 
([EuGd(BTC)2(H2O)12]) emerged as a one dimensional coordination polymer, increasing in size 
with reaction time; while compound 2 ([TbGd(BTC)2(H2O)2]n•2DMF) emerged as a three dimen-
sional framework, decreasing in size with time. Both compounds displayed vibrant luminescence 
upon UV excitation, indicating potential as bioimaging agents.



38 Spring 2017 Volume 6

that has seven unpaired electrons. This large num-
ber of unpaired electrons creates a large magnetic 
response that allows for their use as magnetic reso-
nance imaging (MRI) contrast agents.4 The design 
of MRI contrast agents requires a magnetic metal 
ion, one or more coordinated and exchangeable 
aqua (water) ligands, and high stability in biological 
media. Currently, the United States Food and Drug 
Administration (FDA) has only a small number of 
approved Gd-based MRI contrast agents and devel-
oping new and better contrast agents is an active 
area of research.3,10 As the ionic radii across the Lns 
are very similar, it is facile to incorporate several dif-
ferent Ln ions in one material. This feature can pro-
vide different functionalities into one compound, 
such as the aforementioned optical and magnetic 
properties to produce multimodal imaging. Ln 
nMOFs can be synthesized with varying numbers of 
exchangeable aqua ligands, a feature that is good for 
MRI. Ln nMOF’s porosity also provides an alterna-
tive platform than current methods for drug loading 
and delivery that combined with imaging could lead 
to the development of theranostic nMOFs. 

Before nMOFs can be utilized for theranostic 
applications, however, more fundamental research 
into nMOF structure-property relationships is nec-
essary. There is still little known about how nMOF 
structure, composition, dimensionality, particle 
size, and particle morphology affect imaging prop-
erties, particularly concerning MRI. The goal of 
our research is to understand how these factors 
contribute to observed luminescent and magnetic 
responses of nMOF materials. The overall goal of 
this project is to synthesize nMOFs with both opti-
cally and magnetically active Ln ions to produce 
new multimodal bioimaging agents, and preliminary 
findings toward this goal are presented herein.

NanoMOFs compounds 1 and 2 were syn-
thesized through the solvothermal reaction of lan-
thanide salts with an organic linker.4,6 A 1:2 Eu/Gd 
(1) and Tb/Gd (2) system were synthesized, where 
Eu and Tb allow for optical imaging and Gd brings 
paramagnetic properties necessary for MRI. It was 
observed that two different compounds were formed 
depending on whether Eu or Tb was used during 
the synthesis, compound 1= [EuGd(BTC)2(H2O)12]n 

and compound 2= ([TbGd(BTC)2(H2O)2]n•2DMF). 
(BTC= 1,3,5-benzenetricarboxylic acid, or trimesic 
acid; DMF= N,N’-dimethylformamide). Synthesis, 
structure, size control, and luminescent properties 
will be presented.

SYNTHESIS AND 
CHARACTERIZATION

Compounds 1 and 2 were synthesized via sol-
vothermal methods in a 23 mL Teflon lined Parr 
bomb. A 1:2 Ln/Ln (Ln= Eu/Gd or Tb/Gd) mix of 
the selected lanthanide chloride salts, sodium tri-
fluoroacetate (NaTFA), and BTC were mixed in a 
~1:0.9:0.6 Ln:TFA:BTC ratio (21.0 mg of BTC, 0.10 
mmol) with the solvents water (H2O, 4 mL) and 
DMF (8 mL). The bombs were sealed and heated at 
60 oC for 24-72 hours. Once the reactions were com-
pleted, the Parr bombs were removed from the oven 
and allowed to cool to room temperature. After 
approximately 30 minutes, the bombs were opened 
and a clear, colorless liquid with a small white solid 
were observed. The compounds were isolated via 
centrifugation at 15,000 rpm for 5 minutes, followed 
by ethanol washes with sonication (five minutes) 
and allowed to air dry.

Dynamic Light Scattering (DLS) is a tech-
nique used for particle size characterization in col-
loidal dispersions.6 Once the synthesized samples 
were cleaned and dried, DLS measurements were 
performed to estimate nMOF size. Approximately 
5-10 mg of nMOF were suspended in an aqueous 
colloid (~10 mL H2O) and sonicated for five minutes 
just before DLS analysis on a Malvern Zetasizer. See 
Tables 1 and 2 for a summary of nMOF size versus 
reaction time.

Structural characterization was performed on 
synthesized nMOFs using powder X-ray diffraction 
(PXRD) on an Olympus Scientific BTX II Powder 
X-ray Diffractometer (Co source, 5-55o 2θ). PXRD 
patterns were matched to known compounds 
reported in the Cambridge Structural Database 
(CSD) (Figures 1 and 2) through the Cambridge 
Crystallographic Data Centre. This is a database of 
over 800,000 crystal structures reported through-
out the literature. This database essentially contains 
every known crystal structure of compounds con-
taining C-C bonds, with the exception of large mac-
romolecules and biomolecules. PXRD data can be 
compared to data contained in this database to iden-
tify the synthesis of previously reported structures. 

Luminescence spectra were collected on a 
Perkin Elmer LS55 Fluorescence Spectrometer at 
room temperature (23 ± 2 °C) on both solid sam-
ples in a PMMA matrix (2 mg of sample ground in 
10 mg of PMMA) and aqueous suspensions (~5-10 
mg in ~10 mL DI water followed by 5 minutes of 



39 Spring 2017 Volume 6

sonication). Excitation spectra were collected at the 
maximum emission wavelength of Eu (615 nm, 1) 
or Tb (545 nm, 2), and emission spectra were then 
recorded at the maximum excitation wavelength 
(~250-300 nm, compound and phase (solid/colloid 
suspension) dependent). 

Preliminary relaxivity data were collected on 
all compounds, and the data is provided in Table 3. 
Approximately 0.1 mM aqueous solutions of each 
nMOF compound were prepared in DI water and 
sonicated for five minutes. The colloidal suspen-
sions were then placed in a bench top 43 MHz (1T) 
field Magritek Spinsolve 60 NMR spectrometer. 
Relaxometry measurements were then conducted to 
determine T1/T2 relaxation times for each system.

RESULTS
An opposite relationship in particle growth 

versus time between the two compounds was 
observed (Tables 1 and 2). Compound 1 depicted 
particle size increase with time, whereas compound 
2 showed an opposite trend decreasing in size with 
time, and reaching a plateau after 72 hours. PXRD 
was used to identify compound 1 as RAVJUV and 
compound 2 as YEMJAC in the CSD.

The 48 hours samples (ASG 2-21 and ASG 
1-67) of compound 1 and compound 2, respectively, 
were analyzed using fluorescence spectroscopy, and 
both compounds display vibrant luminescence upon 
UV excitation (Figure 3) in both the solid state and 
in aqueous colloidal solutions. The broad excitation 
profile of 1 and 2 is indicative of absorption of the 

Figure 1. PXRD pattern (horizontal trace) of 1 (reaction time = 48 hours) compared to RAVJUV 
in the CSD (vertical lines)

Figure 2. PXRD pattern (horizontal trace) of 2 (reaction time = 48 hours) compared to YEMJAC 
in the CSD (vertical lines). 
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Figure 3. Excitation (~200-300 nm) and emission (~450-650 nm) spectra of solid (left) and colloi-
dal solutions (right) of 1 (top) and 2 (bottom).

Figure 4. Structure of compound 1 down the [001] direction (left). Polyhedra represent LnO9, 
spheres are oxygen (O) atoms, and black lines are carbon (C) atoms. Hydrogen (H) atoms have been 
omitted for clarity. Local Ln (Ln = Gd here) coordination sphere is shown in the middle to highlight the 
six bound water molecules/Ln, and the view down [101] shows the individual chains (right).
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organic BTC component. The BTC absorbs UV 
radiation and transfers this energy to the Ln ion 
to sensitize luminescence in a process commonly 
referred to as the “antenna effect.”2 Upon excitation 
of the BTC, red Eu and green Tb emission is seen, 
with minimal background fluorescence from the 
BTC linker, indicating efficient energy transfer and 
sensitization. The bright emission is easily seen with 
the naked eye, essential for use as potential bioim-
aging agents.

Preliminary measurements of relaxation times 
(Table 3) indicate that the title compounds do show 
an increase in relaxation of water protons with 
relaxivities comparable to those of some currently 
used Gd-based contrast agents13, but direct compar-
isons and consequences of these data require more 
detailed studies that are planned. Full characteriza-
tion of the magnetic properties of the compounds 
have yet to be assessed, however, and will be the 
focus of future work, as will cell and tissue imaging 
studies. It is clear though that nMOFs 1 and 2 show 
promise as MRI contrast agents, though the lack of 

a clear trend between relaxivity and nMOF size is 
surprising. This could be due to a combination of 
size, shape, and/or water diffusion rate effects, but 
additional studies including electron microscopy 
will be required to explore this further. 

DISCUSSION
The overall purpose of this study was to study 

nMOF formation and growth in order to assess 
their use as potential bioimaging and MRI con-
trast agents. While many MOF structures can be 
synthesized using any of the lanthanides, in some 
instances the lighter Lns will produce a different 
compound than the heavier Lns under otherwise 
identical reaction conditions. This was observed 
in the targeted system under study in which Eu/Gd 
formed a highly hydrated, 1-dimensional compound, 
and Tb/Gd formed a 3-dimensional, porous frame-
work. This serendipitous discovery was fortunate 
and provides two contrasting compounds for future 
imaging studies, one system that contains six water 

Figure 5. Structure of compound 2 down [001]. See caption of Figure 4 for atom description details. 
Note only one bound water molecule/Ln here. 
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molecules/Ln center (compound 2), and the other 
with one water molecule/Ln center (compound 1), 
identical to the MRI contrast agents in current clin-
ical use that consist of Gd-based molecules with one 
water molecule/Ln.

STRUCTURAL DESCRIPTION
Compound 1 is composed of LnO9 mono-

mers that extend through fully deprotonated BTC 
linkers into 1-dimensional chains. The Ln coordi-
nation sphere is composed of three monodentate 
linkages from the deprotonated BTC carboxylate 
oxygen atoms and six aqua ligands. The chains are 
densely packed and run parallel to one another in a 
staggered fashion, shown in Figure 4.

Compound 2 is a three-dimensional framework 
assembled from LnO7 polyhedra linked together by 
fully deprotonated BTC linkers (Figure 5). The Ln 
is coordinated through monodentate linkages to 
carboxylate oxygen atoms from six distinct BTC 
moieties, with one coordinated water molecule to 
fulfill the coordination sphere. The BTC assemble 
the monomers into a framework that has residual 
DMF solvent molecules residing in the pores of the 
compound (not depicted in Figure 5). 

Another interesting observation was the 
opposite relationship in particle growth versus 
time between the two compounds (Tables 1 and 2). 
In 1, particle size increased with time as expected 
through typical crystal growth and Oswald ripen-
ing processes. The opposite was found to be true 
in 2, where particle growth decreased with increas-
ing time. This has been observed in other nMOF 
systems,4,14 but is not well understood. This may 
be due to the differences in dimensionality (1-D 
in 1 versus 3-D in 2) between the two systems, but 
further investigations are required to confirm this 
conjecture.

CONCLUSION
In conclusion, two nMOFs systems were syn-

thesized and characterized. It was observed that 
changing the visible emitting Ln ion from Eu to Tb 
resulted in a significant structural change from a 
1-dimensional compound to a 3-dimensional frame-
work. Particle size versus reaction time followed 
opposite trends, where 1 increased in size over 
time whereas 2 decreased in size as reaction time 
increased, contrary to typical nanoparticle crystalli-
zation mechanisms. Both 1 and 2 displayed vibrant 

red and green (respectively) emission upon UV exci-
tation, indicating potential for bioimaging applica-
tions. Preliminary relaxometry measurements indi-
cate that the nMOFs show promise as MRI contrast 
agents, though further characterization is necessary 
to fully understand the magnetic responses of the 
compounds. Upon optimization of reaction condi-
tions, nMOFs structure and size were successfully 
manipulated to provide the materials necessary for 
future bioimaging studies.
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Table 3. Results of relaxometry measurements to produce T1 and T2 relaxation times and relax-
ivity rates, r1 and r2.

Compound Sample Name Size (nm) T1 (s) T2 (s) r1 (mM-1s-1) r2 (mM-1s-1)

1 ASG 2-11 681 2.85 2.50 3.51 4.00

1 ASG 2-21 1172 2.81 2.27 3.56 4.41

1 ASG 2-17 1374 3.11 2.69 3.21 3.72

2 ASG 2-07 634 2.96 2.51 3.38 2.96

2 ASG 1-67 562 2.89 2.58 3.88 2.58

2 ASG 1-93 415 2.79 2.34 3.58 4.27

Sample 
Name

Time
(hr)

Mean diameter   
(nm)

ASG 2-7 24 634 ± 24
ASG 1-67 48 562 ± 17
ASG 1-93 72 415 ± 7

Table 2. DLS Results of Compound 2

Sample 
Name

Time
(hr)

Mean diameter   (nm)

ASG 2-11 24 681 ± 34
ASG 2-21 48 1172 ± 253
ASG 2-17 72 1374 ± 104

Table 1. DLS Results of Compound 1 

TABLES
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New technologies and techniques have cer-
tainly been instrumental in saving many women’s 
and their babies’ lives, but they also have the poten-
tial for abuse and exploitation. Regarding the use of 
such technologies, such as elective screenings, anes-
thetics, and fetal monitoring services, it is import-
ant to remember that women are not a homoge-
nous group. In explaining their high levels of use, as 
Eileen Leonard (2003) has argued, U.S. Americans 
often view ultrasounds and other reproductive tech-
nologies and techniques as purely beneficial, having 
been socially conditioned to accept them rather 
than question them. It is important to analyze 
where women stand when it comes to the techno-
logical instruments that are used on their bodies. To 
assume that the use of reproductive technology is 
in the best interests of all women is to fail to ques-
tion what is obscured – that it could be an “instru-
ment of society” with real political implications 
(Leonard 2003, p. 3). Lilia Oblepias-Ramos (1991) 
asks some important questions in this regard: “Are 
the women informed of the choices they can make 
on which technologies will serve or harm them? Can 
they, in fact, choose what they feel appropriate for 
them, or are they obliged to fit themselves to the 

technologies they need to use?” (p. 90). More impor-
tantly, are women even aware they have a choice? 
To begin to answer these questions, we must first 
consider five ways in which pregnant female bod-
ies have been objectified and alienated from women 
themselves: the separation of mind and body, the 
body as a machine, the body as harmful, the body as 
an incubator, and finally, intervention.

The first germ of alienation is tied to the his-
tory of science and its tendency to associate men 
with the creation of technology and the develop-
ment of structuring binaries including body/mind 
and nature/culture (Hopkins, 1998). During the 
Enlightenment, scientists developed a newfound 
meaning in the concept of “nature,” presenting it as 
an unruly force that could and should be controlled 
by the rationality of “man.” Women in this context 
were associated with nature, viewed as emotional 
and embodied, in opposition to the intellect and 
reason that were the hallmarks of maleness. In this 
frame, pregnant women, by virtue of their reproduc-
tive systems and the ability to bring forth new life, 
represented nature in its purest form (Jordanova, 
1999, p. 164). Ludmilla Jordanova (1999) gives an 
excellent account of how the idea of nature was 
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constructed and maintained by society as some dan-
gerous force to be conquered, writing that “woman” 
became synonymous with “nature” in that their 
bodies are “so clearly subsumed under nature’s 
laws…that their states of mind and body can be read 
by the trained person” (p. 166). Nature dictated that 
their “uncontrolled passions” left them less amena-
ble to reason, which necessitated a means to control 
them and protect them from their dangerous poten-
tial (Jordanova, 1999, p.166). 

These early claims of Western science pro-
duced a legacy that persists today not just in the 
field of scientific medicine, but in nearly every field 
of study – in history, anthropology, sociology, and 
psychology, to name a few. While this legacy has 
been challenged fervently by feminists and others in 
recent decades, these fields and others have all been 
shaped in some way by this sexist binary structure. 
Within the techno-medical model of birth (hospi-
tal-based obstetrics), for instance, mind and body 
are considered not as one, but separate (Gaskin 
2003, p. 158). The pregnant woman’s body, set within 
this framework, is not considered to be a thinking 
body and is “aligned against reason” (Alcoff et al. 
2014, p. 128). The opposition of mind/reason versus 
body/nature has had serious repercussions including 
constrained opportunities and choices for birthing 
women. These constraints occur, not because such 
limitations are “natural or inevitable but because 
women have been interpreted through the lens of 
culture, thought of as ‘natural’ by men who have 
created the very category of ‘nature’ to serve their 
own aims” (Alcoff et al. 2014, p. 129). As such, it is 
“the cultural, rather than the natural, character of 
such limitations in Western culture where ‘woman’ 
has been defined by her body and seen as trapped in 
nature because of it” (Alcoff et al. 2014, p. 129). It is 
worth re-emphasizing here that such a cultural ten-
dency was put in place and practice at a time when 
women, minorities, and the enslaved were virtu-
ally excluded from areas knowledge production, as 
well as from medical professions. And although the 
number of women and minorities in medical pro-
fessions have increased in recent years, it is unde-
niable that such fields continue to be dominated by 
white males. Our criticism in this paper is focused 
on the idea that simply by including women and 
minorities as medical professionals does not erase 
the legacy that continues to shape the ways in which 

birthing women are viewed in reproductive medical 
practices. 

Society’s understandings of childbirth and the 
bodily fluids which accompany it are two examples 
of how pregnant women are trapped within the nat-
ural realm. Margrit Shildrick and Janet Price (1999) 
describe the female body as being understood as 
“intrinsically unpredictable, leaky and disruptive” 
(p. 2). The pregnant body “naturally” produces more 
vaginal discharge than women who are not pregnant 
and the laboring body releases anywhere between 
two and six cups of amniotic fluid once the amni-
otic sac has ruptured. This ‘leaky’ quality is, indeed, 
as unpredictable as is it is disruptive – labor does 
not take a timeout or wait for everyone to be ready, 
and this is quite inconvenient for some doctors (a 
profession grounded in male associations). These 
unsettling qualities of pregnancy and childbirth, 
connecting women to nature’s unpredictability, 
have thus been claimed to prevent women from 
making rational decisions. It is not a surprise that 
“the ability to effect transcendence and exercise 
rationality has been gender marked as an attribute 
of men alone – and further only some men, i.e. those 
who are white, middle/upper class, healthy and het-
erosexual – such that women remain rooted within 
their bodies, held back by their supposedly natural 
biological processes” (Price & Shildrick, 1999, p. 2). 
In this way, the pregnant female body is a “hybrid 
creature” which functions as part of a natural order 
but submits to cultural authority of man (Balsamo, 
1997, p. 27). 

Many women have been trying to reclaim the 
category of natural as something positive and tak-
ing pride in their ability to give birth “naturally,” i.e. 
resisting medications created by male-associated 
techno-science that serve to control both the birth-
ing body and the birthing process. While their abil-
ity to redirect negative connotations of masculinist 
discourse is certainly something to be admired, the 
pregnant/laboring body still retains somewhat of 
a vulnerable character as a potentially penetrable 
“place of ambush” (Price and Shildrick 1999, p. 4). 
Giving birth “naturally” may appear as an important 
stronghold of women’s power, but nature’s binary 
value in Western societies, as something that needs 
to be controlled, can always be used counter to wom-
en’s power. In this way, the female body’s association 
with nature is ambivalent: grounding “motherhood” 
in a natural morality renders it practical for raising 
children, but nature’s opposition to and detachment 
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from science produces an image of ignorance and a 
lack of intelligence (Jordanova, 1999, p. 163). 

Valerie Hartouni (1997) contests the notion 
that women, by nature, are better suited for moth-
erhood because of inherent qualities, writing that 
“‘being a mother’ is not something women ‘are’ by 
nature, instinct, or destiny, or by virtue of being 
female or pregnant” (p. 30). Instead, she writes, “it 
is something women (among others) do: it is a con-
scious and engaged work in the fullest sense of the 
word and an activity that is still but need not nec-
essarily be gender specific” (Hartouni, 1997, p. 30). 
Mothering is conditioned so much that it appears 
natural or instinctual. The mindset that women’s 
bodies are natural thus legitimizes the male, med-
ical professional’s authority over them and likewise 
the alienation of the woman from her mind. A far 
cry from being “natural,” however, is male doc-
tors’ choices of language to describe childbearing 
women, which serves their purposes well. 

When childbirth practice shifted from the 
hands of female midwives to those of male doc-
tors, American obstetrics adopted a language which 
described the female body as a machine (Andersen, 
1997, p. 210). Seventeenth- and eighteenth-century 
French scientists coined such descriptions, observ-
ing that the womb and uterus worked “as though 
they formed a mechanical pump that in particu-
lar instances was more or less adequate to expel 
the fetus” (Martin, 1992, p. 54). It is fitting that 
American doctors would later embrace this lan-
guage, considering the technological boom of the 
Industrial Revolution. This new language and asso-
ciation of women with machines marks the second 
germ in the pregnant woman’s objectification and 
alienation. 

Describing the pregnant female body in 
mechanistic terms served to distance the equal-
ity between men and women, for “it was the basic 
premise of physicians in late eighteenth-century 
France that women were quite distinct from men 
by virtue of their whole anatomy and physiology” 
(Jordanova, 1999, p. 160). By differentiating anatom-
ical and physiological features, an argument could 
be made for “natural” differences – or deficiencies, 
regarding women – that could also serve to ratio-
nalize the inequality between women and men. 
Additionally, because of the way in which birth-
ing women are described is constructed through 
language, there are two primary implications of 
this mechanized mode of description: first is the 
“reduction of spirit, affect, and value to mechanistic 

processes in the human body”; and second is the 
facilitation of “viewing and treating the body in [an] 
atomistic and mechanical fashion” (Morgan, 1991, p. 
265). Such an approach aims to “render the individ-
ual both more powerful, productive, useful and doc-
ile,” securing its hold “not through violence or force, 
but rather by creating desires, attaching individuals 
to specific identities, and establishing norms against 
which individuals and their behaviors and bodies are 
judged and against which they police themselves” 
(Sawicki, 1999, p. 190-191). 

With the machine model, the doctor is the 
star of a show that had formerly been a female-cen-
tered event, directed by midwives. Ina May Gaskin, 
an internationally renowned Certified Professional 
Midwife, comments on this: “Instead of being 
the central actor of the birth drama, the woman 
becomes a passive, almost inert object – represent-
ing a barrier to the baby’s eventual passage to the 
outside world” (Gaskin, 2003, p. 186). In her pas-
sivity, she is expected to place her complete trust 
in the doctor’s knowledge and do as she’s told and 
when she’s told. Midwifery, however, follows a far 
more autonomous approach, listening to what the 
laboring mother’s body tells her and doing what she 
feels is right in the moment. For example, take posi-
tioning during labor: midwifery practices encourage 
the laboring mother to walk around, lean over, use 
birthing balls – basically anything that feels good to 
her, because that is what moves the fetus down and 
out and into her arms. Physician-led hospital births, 
on the other hand, typically constrict the laboring 
woman’s movements and usually confine her to a 
semi-reclined bed, feet in stirrups, and plugged in 
to intravenous tubes and fetal monitoring devices 
as if she is a machine herself. Not only are hospi-
tal-births stressful, they are not necessarily practical 
when considering that gravity works on the laboring 
mother’s side – and laying down will not facilitate 
the assistance of such gravity. 

In accordance with patriarchal notions that 
define work and labor, medical doctors focus on 
how technology and machinery can be used to con-
trol the progression of birth. Through the mech-
anized image of pregnancy, the birthing woman 
is prone to all sorts of mechanical malfunctions. 
Subsequently, if the “woman’s body is the machine,” 
then the “doctor is the mechanic or technician who 
‘fixes’ it” (Martin, 1992, p. 54). In addition to labeling 
birthing women’s bodies as innately irrational and 
treating them like machines, physicians have also 
depicted those bodies as deficient, uncontrolled, 
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and inherently diseased – marking the third germ of 
alienation (Price & Shildrick, 1999, p. 145). 

For male physicians, who are unable to give 
birth, pregnancy and childbirth are not only myste-
rious but also frightening (Alcoff et al. 2014, p. 254). 
Consequently, their fears have skewed their under-
standing of the pregnant female body and have been 
reflected in medicine. This has significantly affected 
birthing women’s ideals of their own health, for  
“[i]f men are the authorities to whom women turn 
for information about these events, certainly men’s 
subjective interpretations are conveyed to women, 
who learn to perceive the world through men’s 
‘expert’ eyes” (Alcoff et al. 2014, p. 254). What was 
probably more threatening to male doctors, though, 
was not the supposed dangers of pregnancy and 
childbirth but the fear of not being in complete con-
trol. Contrary to the assumptions of the machine-
model, the body does not always function as one 
wants it to even with the very best medical knowl-
edge and equipment. If women come to believe 
that their bodies are dangerous, it makes it easier 
for doctors to maintain control through whatever 
means possible, all the while holding the position 
of the Good Guys. 

According to Emily Martin (1992), gyne-
cologists have been vilifying pregnant bodies for 
centuries:

From the early description by a nine-
teenth-century gynecologist of the 
uterus as a death missile, through later 
(1920) descriptions of labor as being 
like the mother falling on a pitchfork 
or the baby’s head being caught in a 
door jamb, to contemporary efforts 
of obstetricians to ease the terrible 
experience of birth for the infant by 
dim lights and warm baths after birth, 
a role is constructed for the doctor to 
ally with the baby against the potential 
destruction wreaked on it by the moth-
er’s body. (p. 64)

These erroneous conclusions stem from mis-
understandings of pregnancy and childbirth. If uter-
uses truly were death traps, then we would not be 
walking the earth today. And, if the passage through 
the birth canal really was a traumatizing experience, 
all babies would show markers of it like disfigure-
ment or compromised health. Still, the myth of the 

dangers of pregnancy has been deeply embedded in 
contemporary women’s psyches, and many women 
have come to believe that their bodies are the 
enemy, making them fear childbirth as well. They 
have been unduly influenced by a medical discourse 
whose “profoundly misogynist beliefs and attitudes” 
are central to the transformation of the womb from 
a sanctuary to a “dark prison,” where “women are 
viewed as threatening irresponsible agents who 
live in a necessarily antagonistic relationship with 
the fetus” (Morgan, 1991, p. 273). According to this 
framework, women’s bodies are the catalyst to 
destruction and are not to be trusted; they must be 
controlled via technological manipulation to pre-
vent them from killing their own progeny, perpetu-
ating “the most deadly anti-woman bias of them all” 
(Hartouni, 1997, p. 40).

The fourth germ of women’s objectification 
and alienation during pregnancy and birth has to do 
with the way the body has been painted as a mere 
incubator for the primary patient – the fetus. Like 
the homunculus, nineteenth-century physicians saw 
the fetus as an “autonomous, self-determining life 
form and argued that its ‘subsequent history after 
impregnation [was] merely one of development, 
its attachment merely for nutrition and shelter’” 
(Hartouni, 1997, p. 24). Things have not changed 
very much in the last two centuries, for the major-
ity of physicians and birth-advocates still regard 
the fetus in a similar manner despite the fact that 
it has had no life experiences. Just take a trip on 
Florida’s Turnpike and you too will see the anti-
choice slogans plastered on billboards, with pierc-
ing lines such as “Take my hand not my life,” or 
“PREGNANT? Your baby’s heart is already beating 
– call 1800848LOVE.” These captions are always 
accompanied by pictures of fully-developed, ador-
able bouncing babies. Words such as “baby” and 
“child” are problematic since they imply that the 
fetus is already a full person–all on its own. 

Scientific advancements in reproductive visu-
alization technologies are partly to blame for why 
the fetus is “personified, perceived, presented, and 
produced as a person who has simply been await-
ing discovery” (Hartouni, 1997, p. 23). While sono-
graphic imaging has been immensely helpful in 
determining certain aspects of pregnancy, such as 
the growth of fetal internal organs or where the 
placenta is located, it has also effectively alienated 
the fetal body “from its natural association with the 
female body and is now proclaimed to be the new 
and primary obstetric patient” (Balsamo, 1997, p. 9). 
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With the focus now on this little “person” who is 
independent of its mother, a whole range of stat-
utes and surveillance mechanisms have appeared to 
secure fetal rights. What had been created to pro-
tect women and their fetuses from harm done to 
them in cases of assault and battery is now used to 
sanction the women themselves for harm done by 
them unto fetuses (Hartouni, 1997, p. 41). It is the 
woman, then, that is the source of potential harm, 
the antagonist to maintaining life. 

According to Martin, endowing cellular enti-
ties with personhood “will likely lead to greater 
acceptance of technological developments and new 
forms of scrutiny and manipulation, for the bene-
fit of these inner ‘persons’” – from court-ordered 
restrictions of women’s activities to rescinding of 
abortion rights, fetal health will likely be top-pri-
ority (Martin, 1999, p. 186-187). Similarly, Balsamo 
writes that “the unborn fetus is guaranteed certain 
rights denied to the pregnant woman,” and, as in the 
case with forced cesarean sections, sometimes the 
pregnant woman’s own health and life choices are 
overridden in favor of fetal health (Balsamo 1997, p. 
154). It is quite remarkable when one thinks of it; 
there is a possibility that a woman can be forced to 
have a cesarean – yet we cannot force a person to 
give blood even if it is to save a life (Alcoff et al. 
2014, p. 52). Such invasion of the technological med-
ical model of birth has arrested women’s control 
over their own bodies. Unfortunately, the exploita-
tion of birthing women occurs with frequency in 
physician-mediated births, and intervention has 
become the go-to choice for controlling the sup-
posed destructive forces of pregnancy.

Intervention, the fifth germ, is the source of 
many heated debates between midwives and obste-
tricians, who often hold completely opposite per-
spectives. As Margaret Andersen (1997) explains, 
during the nineteenth-century “medical men had 
adopted an increasingly interventionist approach 
toward birth, whereas female midwives relied more 
on the normal course of delivery” (p. 211). Although 
nearly two centuries have passed, this approach still 
holds true for both types of maternity caretakers. 
Midwives’ positions on technological intervention 
in birth is that it is not inherently wrong—it just 
needs to be reserved for when it is truly needed, and 
coercion should not be a factor in determining its 
use. 

There are times, of course, when medical 
intervention is needed to save the mother and fetus. 
Many midwives are highly trained to recognize signs 

of complications and will attempt to treat them 
while mild, but they will also be the first person to 
transfer the laboring woman to a hospital before the 
problem becomes life threatening. The fact is that 
there are risks with everything in life, and research 
has proven that between eighty-five to ninety-five 
percent of women give birth safely and without sur-
gery or instruments when the midwifery model of 
care is applied (Gaskin, 2003, p. 184). Their low rate 
of transfers to hospitals is largely due to their ability 
to deal with complications during labor that are less 
harmful than medical intervention. For instance, 
many doctors provide Pitocin (synthetic oxytocin) 
to induce labor or increase contraction intensity 
when labor has stalled, which inadvertently causes 
more painful contractions and thus higher stress 
levels for both mother and baby, which potentially 
leads to fetal distress, tearing, and more serious 
intervention measures such as cesareans. It is a 
potential rapid tumble downhill. Midwives assert 
there are other ways to trigger oxytocin secretion 
and increase contraction intensity, such as physical 
stimulation, herbal remedies such as blue and black 
Cohosh root, and homeopathic medicines like gelse-
mium or sepia (D. Marin, personal communication, 
May 25, 2015; Weed, 1986, p. 64-65). Nonetheless, 
since ninety-two percent of births take place in hos-
pitals controlled by doctors and staff, intervention-
ist practices are routine in delivery rooms and have 
become so commonplace that they are rarely ques-
tioned by the women who receive them (Business of 
Being Born, 2008; Andersen, 1997, p. 214). 

For obstetricians, who are trained to detect 
and treat pathology, medical intervention is a neces-
sity and birth is considered safe only in retrospect 
(Gaskin, 2003, p. 185, 307). Doctors are the ones who 
are ultimately responsible for the health of their 
patients, so they often use routine intervention as 
preventative medicine or apply interventions to all 
laboring women that should be reserved for com-
plicated pregnancies. The problem with such pre-
mature measures is that they are often used unnec-
essarily. This has side-effects for both the patients, 
whose health may be compromised and who are 
robbed of the birth experience they may desire, and 
the doctors, who may initiate a cascade of complica-
tions that may have otherwise not happened. 

The fear of malpractice lawsuits is a strong 
indicator of why many doctors are so quick to opt 
for cesarean sections with the slightest change in 
fetal condition (Andersen, 1997, p. 215). The option 
to use the cesarean sections allows for control over 
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what happens during childbirth and at what time. 
Furthermore, the history of male-based childbirth 
practices is grounded on the idea that women are 
weak by nature and that pregnancy is an illness that 
must be cured with drugs and medical equipment 
(Gaskin, 2003, p. 185). Such practices are therefore 
more likely to make use of medical technologies and 
techniques—even in less complicated pregnancies.

Considering all of this, it would appear that 
the answer to the initial questions is, ‘No.’ Women 
are not necessarily informed of what will serve or 
harm them, nor can they choose which technologies 
are used. Whether it is prenatal screenings, sonog-
raphy imaging, etcetera, it is clear that “women 
are being subjected to increasingly intense forms 
of coercion, a fact that is signaled by the intensi-
fying lack of freedom felt by women to refuse to use 
the technology if they are pregnant and the tech-
nology is available” (Morgan, 1991, p. 273). Many 
women feel as though they are morally obligated 
to say “yes” to whatever the doctor orders and that 
they are bad mothers if they do not comply. And no, 
many women may not be aware they have a choice in 
the matter at all. For most women, the hospital is 
essentially a man’s world; they are often complicit in 
technological imperatives because they are unaware 
of their power to say “no.” This lack of awareness 
is prevalent in part because childbirth practices in 
many hospitals continue to be dominated by mas-
culinist principles. For many decades, many women 
have been denied the ability to think for them-
selves, worked on like machines, accused of innate 
harm, treated as if they are less important than the 
fetus which grows inside, and barraged with inter-
ventions left and right. 

This is not to say that all men in the tech-
no-medical model of care are foes or that all women 
in it are allies—it is the patriarchal structure that 
operates on using technology to control reproduc-
tive bodies that must be challenged. This is to say 
that it is important that women become advocates 
for their own health by asking questions and becom-
ing informed of what technologies, if any, will best 
suit their needs, and being assertive when chal-
lenged. Simply removing childbirth from hospitals 
does nothing to vanquish the system of patriarchy 
within Western medicine. What is needed from 
physicians and midwives alike are “efforts to ensure 
that women are not treated solely as bodies, but also 
as subjects with desires, fears, special needs, and so 
forth” (Sawicki 1999, p. 199). To ensure that women 
are their own agents, they must be proactive and 

build bridges across race, class, gender, and religion, 
among other differences, and form connections not 
just between mothers or even between just women, 
but between women and men. 
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SECTION 1: INTRODUCTION 
Energy demand is constantly growing in our 

society. To help meet these demands, renewable 
resources including the energy available in the 
world oceans are being explored. Ocean current 
energy is a form of marine renewable energy that is 
accessible on the western boundaries of the world’s 
oceans [1]. On average, it has been estimated that 
about 19 GW of electrical power can be gener-
ated from ocean currents located off the east coast 
of the United States [2]. The Florida Straits alone 
has an estimated 5.6 GW of theoretically extract-
able power [3]. This resource has an average kinetic 
energy flux that reaches 3.3 kW/m2 in the Florida 
Straits [4]. According to the US National Renewable 
Energy Laboratory [5], wind energy is broken down 
into seven wind power classes from class 1 to class 
7. Utility scale wind turbines are considered suitable 
for areas designated as class 3, where mean power 
densities range from 0.15 to 0.20 kW/m2 at a height 

of 10 m. The ocean current energy resource available 
in the Florida Straits provides more than 3 times the 
energy density of wind sites that are characterized 
as having a class 7 wind power resource, those pro-
viding an average of 1 kW/m2 at a height of 10 m.

Ocean current turbines (OCT) are being 
designed to create electricity from these large scale 
ocean currents, with locations being considered for 
energy extraction including areas off: Florida (USA), 
North Carolina (USA), Japan, Taiwan, and South 
Africa. The OCT numerical model used in this 
study represents a neutrally buoyant horizontal axis 
OCT design with a 20 m diameter rotor. This OCT 
is designed to operate in a mooring configuration 
where it is attached via a cable to a flounder plate 
that is connected to the main mooring line that runs 
from a surface buoy to the sea floor [6] (see Figure 
3). The numerical model of this OCT utilizes a blade 
element momentum rotor model with a dynamic 
wake inflow algorithm, algorithms that account for 
the hydrodynamic forces on the turbines main body, 
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as well as the buoyancy compensation modules [7] 
(see Figure 2). More information about this OCT 
and artist renderings are available in [7] and [8]. 

Wind turbines, and likely future OCTs, typ-
ically operate in three distinct regions depending 
on the wind/current speeds and the rated power of 
the device. Region 1 is considered to be the startup 
region where the wind/current is just sufficient to 
turn the turbine on as defined in [9]. As the wind/
current speed increases, the turbine is capable of 
producing electrical power that is less than the rated 
power. This operating condition can be referred to 
as Region 2 and is the region where controllers are 
developed primarily to maximize produced electri-
cal power [9]. In Region 3, the current/wind speed is 
greater than what is required for rated power pro-
duction [9]. Therefore, a turbine is typically oper-
ated at its rated speed and the blade pitch angles 
are manipulated so that the system operates at rated 
power. This study focuses on Region 2 operation, 
with minor changes required for implementing the 
presented algorithm in Region 3. 

Due to varying current shear, the rotor blades 
on an OCT will experience a variation of current 
speeds throughout the revolution. As a result, cyclic 
loadings are encountered on the rotor blades when 
repeatedly passing through these positions. These 
periodic forces lead to fatigue damage of the blades, 
possibly leading to blade failure [10]. Methods have 
been suggested to reduce the effect of the axial loads 
due to current shear by changing the pitch angle 
of the rotor blades as a function of rotation angle 
such that they experience nearly uniform forces as 
they rotate. Such methods require the implemen-
tation of an individual blade pitch (IBP) control 
technique, such as the one introduced by Bossanyi 
[11]. This paper presents theory on an IBP con-
troller that utilizes a Direct Adaptive Disturbance 
Rejection (DADR) approach (Section II). Sections 
III, IV, and V present the testing approach, results, 
and conclusions, respectively. 

SECTION 2: THEORY

Section 2.1: Background (Plant 
Parameters)

The selected DADR algorithm is developed 
based on a linear, time-invariant, and finite dimen-
sional plant model, as defined by Balas et al [9], that 

comes in the form of a state and output equation 
represented in its generic form as:

where xp is the plant state vector, up is the control 
input vector, yp is the sensor output vector, uD is the 
input disturbance vector that is assumed to come 
from the disturbance generator, A represents the 
state matrix, B represents the input matrix, Γ rep-
resents the disturbance matrix, and C serves as the 
output matrix. For the application of this study, the 
simulation uses a fully non-linear model with 14 sys-
tem states including three-position, three-attitude, 
three-linear velocity, rotor rpm, and rotor rotation 
angle with control inputs and outputs discussed 
later in sub-sections 2.2 and 3.2. 

Section 2.2: Control Algorithm 
The purpose of this IBP controller is to cycli-

cally adjust (as a function of rotor rotation angle) 
the blade pitch such that the variation in the axial 
bending moments on these blades are minimized 
throughout a revolution. To start this DADR pro-
cess, it is important to first select basis functions 
that relate the adaptive gains to a control solution 
that can reduce the disturbance [12].  The selected 
basis functions and associated control law used for 
calculating the individual blade pitch angles were 
presented by Balas et al [9] and has the following 
form: 

where up is the output from the control algorithm 
that is fed back into the plant as an input, GD is the 
adaptive gain matrix, and ϕD are the basis functions 
used for the three bladed rotor. This form is used 
because it is based on an easily measurable system 
state of the bladed rotation angle which is directly 
linked to the shear force disturbance. Equation (2) 
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can be better visualized for a three bladed rotor in 
its expanded form:

where u1 , u2 , and u3 are the individual blade 
root pitch angles in radians specified by the control-
ler with u1  representing the pitch angle of the lead-
ing blade positioned 4π/3 radians ahead of the third 
blade; G1 and G2 are the adaptive gains in radians; 
and the last terms are the basis functions written in 
their expanded form. On OCTs and wind turbines, 
the root pitch angles are the actuated components. 
By actuating the root angle, the angle of attack 
along the entire blade is changed. 

In order to adaptively calculate the gains asso-
ciated with this control law, the axial bending 
moment at the root of these blades and the rotor 
azimuth angle are used as inputs to an adaptive con-
troller. The azimuth angle is calculated using the 
position of the leading blade with respect to the ver-
tical position, as illustrated in Figure 1. The gains 
used in this controller are tuned using the adaptive 
gain law introduced by Balas et al [9]:

where γD is an arbitrary positive scalar that can be 
tuned to modify the convergence rate of the adap-
tive controller gains. A stability analysis has proven 
that this adaptive controller and adaptive gain law 

Figure 1: Presents the azimuth angle (θ) and the direct and quadrature axes used to model the 
OCT. 
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are stable when the plant characterized by equation 
(1) is almost strictly positive real (ASPR) with posi-
tive high frequency gain and the plant is minimum 
phase [9]. 

This adaptive gain law above can also be writ-

ten as: 

These measured inputs are in the direct and 
quadrature (d-q) perpendicular axis borrowed from 
the three phase electrical machine theory [13]. 
These are calculated from the three root bending 
moment signals that were transformed into a mean 
value and variations about two orthogonal axes as 
explained by Bossanyi [11], with the d-axis oriented 
vertically upward (θ= 0 ) and the q-axis oriented 
horizontally (θ= π /2 ) as shown in Figure 1. This 
controller requires 4 measured inputs: the azimuth 
angle (θ) and three bending moments (M1, M2, and 
M3), also referred to as the output tracking error, 
which are the measured axial bending moments of 
blades 1, 2, and 3 respectively. These inputs are used 
in the following equation [11] to calculate the bend-
ing moments in the d-q axis,  

These blades will sequentially rotate through a fixed 
azimuth angle in the following order: blade 1, blade 
2, and then blade 3, with blade 1 being 4π/3  radians 
ahead of the last blade as discussed earlier in this 
section. The  Md and Mq terms are the axial bending 
moments in the direct and quadrature axes.

Equation 4 can now be written in the expanded 
form by combining Equations 5 and 6 to yield:

In summary, when the rotor blades experience 
a harmonic change in bending moment at the root 
due to current shear during rotation, the control-
ler adapts the controller gains that are multiplied by 
the basis functions to drive the differential moment 
towards 0. The DADR approach has also been pre-
viously used to reduce the cyclic loading on high-fi-
delity wind turbine models [14].

SECTION 3: TESTING 
APPROACH

Section 3.1: Ocean Current Turbine 
Model and Design 

The OCT that is numerically modeled is 
based on a neutrally buoyant ocean current turbine 
design created by the Southeast National Marine 
Renewable Energy Center (SNMREC) at Florida 
Atlantic University (FAU) as presented by Driscoll 
et al [6]. This horizontal axis OCT was initially 
designed with a rated power of 20 kW and a three 
bladed rotor which spans 3 m in diameter. Buoyancy 
compensation modules are used in this design to 
create neutral buoyancy and a counteracting force 
for the hydrodynamic torque of the rotor (see 
Figure 2). The OCT was designed to be operated in 
a single-point mooring system in the Gulf Stream. 
The mooring system consists of a mooring buoy to 
be deployed on site, as well as a support platform 
or vessel to be towed to the operational site while 
carrying the OCT. The OCT will then be connected 
to the mooring buoy and anchor via a flounder plate 
and deployed for operation (see Figure 3). The sys-
tem simulated in this paper is based on this design, 
but has a 20 m rotor blade that is designed for vari-
able blade pitch operation [8]. In addition, this 
OCT system uses length, area, volume, and inertial 
properties that are scaled from those in [6] by 20/3, 
(20/3)2, (20/3)3, and (20/3)5 respectively. 

Section 3.2: Numerical Modeling 
The numerical simulation uses a physics 

based nonlinear mathematical model developed 
using Simulink and MATLAB of the OCT design 
described in Section 3.1. This model was devel-
oped primarily for the analysis of system dynam-
ics and development of control systems. The uti-
lized numerical simulation approach is described 
by VanZwieten et al [7] with the modifications for 
simulating the described system with variable pitch 
rotors described by VanZwieten et al [8]. This math-
ematical model is used to create a 7-DOF dynamics 
simulation (standard 6-DOF for a rigid body and 
the relative rotor blade rotation with respect to this 
rigid body) of the OCT which calculates the NED 
position, Euler angles, linear and angular velocities, 
and the axial rotation angle and angular velocity of 
the rotor. The simulation also implements a finite 
element lumped mass model [15] of the cable that 
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Figure 2: Shows the OCT design and primary components

Figure 3: Shows the OCT deployed in the single-point mooring configuration. 
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attaches the OCT to the connecting mooring line, 
an unsteady blade element momentum (BEM) rotor 
model, models of the hydrodynamic forces on the 
body of the OCT, and the buoyancy compensation 
modules [7].

Section 3.3: Simulation Operating 
Parameters  

The numerical simulation implements speci-
fied operating parameters of the OCT based on pre-
viously measured data conducted by the SNMREC. 
OCT’s operating in the Gulf Stream will be affected 
by ocean currents that vary both temporally and 
spatially. Site specific water velocity measurements 
were collected to define the range of water veloc-
ities that the OCT would likely operate in, as well 
as vertical water velocity gradients that are poten-
tially encountered. In [7], ocean current measure-
ments taken off southeast Florida (26°04.3’ N, 
79°50.5’ W) over a 13-month period from February 
2009 to March 2010 were summarized (see Figure 
3). Additional measurements recorded from 2001 
and 2002 over a 19-month period at 26°11’ N, 79°50’ 
W are presented in [16]. Both sets of data yielded 
a mean near surface current speed of 1.6 m/s (see 
Figure 4). The data used in [7] were also used to 
calculate the mean vertical current shear of 0.004 
(m/s)/m with only minimal data points exceeding 
0.03 (m/s)/m as shown below (see Figure 5). These 

are the respective mean and maximum current shear 
values that are used for the numerical simulations. 

All simulations are run with a turbine hub 
depth of 30 m to maintain the mean current speed 
at the hub to mimic similar operating conditions for 
the OCT operating offshore Ft. Lauderdale as pre-
sented in Figures 4 and 5. The two operating con-
ditions evaluated include both the mean and max-
imum current shears presented in [7]. In order to 
maintain the mean current velocity of 1.6 m/s at the 
hub depth of 30 m, a surface current speed of 1.72 
m/s was used for simulations where the OCT oper-
ated in the mean current shear of 0.004 (m/s)/m. 
Likewise, to maintain the mean current speed of 1.6 
m/s at hub depth for the simulations operating in 
the maximum current shear of 0.03 (m/s)/m, a sur-
face current speed of 2.5 m/s was used.

Section 3.4: Numerical Simulations 
For each operating condition the numerical 

simulation is run using two different approaches. 
First, the main body of the OCT system is held 
stationary within the water column and the rotor 
is allowed to rotate. This is done to more clearly 
analyze the impact of current shear on the perfor-
mance of the OCT without the couple effects from 
the single-point mooring system. The second anal-
ysis includes mooring system effects into the sim-
ulation. The simulation with the moored config-
uration allows for observation and analysis of the 

Figure 4: Maximum, mean, and minimum cur-
rent velocities measured using a 75-kHz acous-
tic Doppler current profiler (ADCP) offshore 
Fort Lauderdale, FL from February 2009 to 
March 2010.  

Figure 5: Vertical current gradient at a depth 
of 40 m measured using a 75-kHz ADCP off-
shore Fort Lauderdale, FL from February 2009 
to March 2010.  
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OCT under more realistic operating dynamics for 
a moored system operating offshore Ft. Lauderdale. 
For both operating configurations, simulations are 
run separately for the mean and maximum current 
shear values.

As the current flows through the turbine, 
the blades immediately experience axial bending 
moments at the root. These bending moments can 
range in the magnitude of up to MegaNewtons 
(106 Newtons) and cause fatigue on the rotor blades 
due to the cyclic loading. These and other forces 
can continuously alter the stress distribution on the 
blades impacting the operation life of the blades 
[17]. When operating in a current shear, the bending 
moments experienced by the blades become nearly 
harmonic. When operating in a vertical shear, a 
rotor blade passing through the vertically upwards 
orientation will have forces that can be approxi-
mated as the crest of the sine wave with the lowest 
position oriented vertically downwards correspond-
ing to the trough. The objective of the numeri-
cal simulations are first, to model and analyze the 
cyclic axial forces acting on the OCT’s rotor blades 
during operations in various conditions and second, 
to reduce the cyclic forces acting on the blade by 
implementation of the adaptive controller.

SECTION 4: RESULTS 
All simulations were run for a total time of 

330 seconds. The simulation assumes that the OCT 
is placed directly into the specified current at the 
beginning of the simulation and therefore, a tran-
sient condition is observed in each simulation that 
lasts for about 30 seconds. To analyze the effects of 
the adaptive controller after the OCT has achieved 
a state of equilibrium, a 30 second time delay has 
been implemented before the adaptive controller 
turns on. These first 30 seconds are not presented 
in the figures and not included when calculating the 
presented statistics. 

Section 4.1: Simulation Results for a 
Stationary System in Mean Current 
Shear

In order to observe the response characteris-
tics of the adaptive controller, the OCT was simu-
lated in a stationary configuration (with no mooring) 
with the mean current (of 1.72 m/s at sea surface) 
and mean current shear (of 0.004 (m/s)/m). This 
allowed for analysis of the axial bending moments 

experienced by the rotor blades and the effect of 
the adaptive controller. Figures 6, 7, and 8 show the 
calculated rotor blade axial bending moments as a 
function of time. 

As stated in section 3.4, the axial loads on 
the rotor blades show harmonic oscillations that 
vary as the blades rotate about the rotor shaft. All 
three blades initially experience bending moment 
variations of 34 kN-m (see Figure 7). These initial 
oscillations are at a time when the adaptive gains 
are just beginning to be tuned from their initial 
values of 0, and therefore essentially represent the 
case where no IBP control is utilized. At the end 
of the five minute simulation the magnitude of the 
bending moment oscillations have been reduced to 
3 kN-m (Figure 8). This shows that in only 5 minutes 
the adaptive controller has reduced the moment 
amplitude by 91.18% which represents a significant 
improvement over not utilizing IBP control. The 
bending moments of the blades will also continue 
to steadily converge to a lower limit over time. The 
low frequency convergence from approximately 1.18 
MN-m to 1.07 MN-m is also due to the root twist 
of the rotor blades. All three blades show evidence 
of the same load reduction due to the adaptive con-
troller (see Figure 6). 

The convergence of the adaptive gain values of 
the stationary system with a current shear of 0.004 
(m/s)/m are presented below (see Figure 9). After 
the simulation was run, the value of G1 converged 
to a value of 0.139 radians (7.96°). The value of G2, 
which is the gain for the mean moment in the hori-
zontal direction, remained at approximately 0. This 
is the optimal value because the secondary effects 
caused by the tangential induction of the oncoming 
flow are small when both the turbine and current 
shear are vertical. This result induces a control sig-
nal where the amplitude of the sinusoidal blade root 
pitch variation is 7.96° for each full rotation of the 
blades under these operating conditions.

In order to observe the performance of the 
adaptive controller under realistic operating con-
ditions, the OCT was simulated to operate in the 
moored configuration with a mean current shear 
(with a current shear of 0.004 (m/s)/m and a sur-
face current speed of 1.72 m/s). This allowed for the 
analysis of the OCT being moored off the coast of 
Ft. Lauderdale and the effects of the adaptive con-
troller under these operating conditions. Figures 10, 
11, and 12 show the simulation results in the form 
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Figure 8: Last 50 seconds of the harmonic oscillations in the stationary configura-
tion to show detail. 

Figure 7: First 50 seconds of the harmonic oscillations in the stationary configura-
tion to show detail.

Figure 6: Harmonic oscillations of the 3 blades in the stationary configuration 
and the reduction in loads over 300 seconds.
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of the rotor blade axial bending moments plotted 
over time.

Here, all three blades initially experience 
bending moment variations of 61 kN-m (see Figure 
11). At the end of the five minute simulation, all 
three blades experienced moment variations of 4.7 
kN-m (see Figure 12). The IBP controller reduced 
the moment amplitude by 92.3% over the course of 
five minutes. The initial moment variation in the 
moored configuration is greater than that of the sta-
tionary configuration by 44.3%, primarily caused by 
a misalignment between the rotor axis and the flow. 
After the five minute simulation, the moment vari-
ation in the moored simulation is greater than that 
of the stationary configuration by 36.2%. The OCT 
simulated in the moored configuration showed that 
the rotor blades experienced initial axial blade loads 
smaller in magnitude than that of the stationary 
configuration by 4.09% and by 11.3% after five min-
utes of controller tuning. 

The convergence of the adaptive gain values 
when applied to the moored system with the mean 
current shear are presented in Figure 13. The effects 
of the mooring system impacted the gain conver-
gence. The value of G1 reached a value of 0.228 radi-
ans after the OCT was operated for five minutes and 
G2 reached a value of 0.058 radians at the end of 
the simulation. This gain is no longer approximately 

zero since the mooring system changed the align-
ment of the turbine with the flow producing addi-
tional cyclic loadings beyond those caused by cur-
rent shear. Additionally, a relative rotor rotation 
angle of 0 degrees is no longer vertical since the sys-
tem has a roll angle that was induced by the rotor 
torque. The ability of this controller to directly 
adapt to these loading changes is one of the ben-
efits to using this controls approach. Fixed gain 
approaches based on model performance estimates 
will likely not be able to efficiently predict coupled 
effects such as these. 

Simulations were also run using the maximum 
measured current shear value in the Gulf Stream of 
0.03 (m/s)/m presented by VanZwieten et al [7], with 
the stationary and moored configurations. The sim-
ulation from the stationary configuration initially 
revealed that all three blades experienced varying 
moments of 272 kN-m and varying moments of 16 
kN-m at the end of the simulation. The moored 
simulation revealed initial varying moments of 255 
kN-m with the oscillations reduced to 46 kN-m. 
This revealed a 94.12% and 81.88% reduction in 
moment amplitude for the stationary and moored 
simulations, respectively. The adaptive gain val-
ues of G1 and G2 were 1.031 and 0 radians for the 
stationary simulation and 1.415 and 0.1297 radians 
for the moored simulation, respectively. Greater 

Figure 9: Plot showing the adaptive gain convergence of the stationary system.
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Figure 10: Harmonic oscillations of the 3 blades in the moored configuration and the 
reduction in loads over 300 seconds.

Figure 12: Last 50 seconds of the harmonic oscillations in the moored configuration 
to show detail.

Figure 11: First 50 seconds of the harmonic oscillations in the moored configuration 
to show detail.
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moment amplitude reduction was observed for the 
stationary configuration when simulated with the 
maximum current shear.   

SECTION 5: CONCLUSION
A direct adaptive disturbance rejection control 

algorithm has been shown through numerical simu-
lation testing to significantly reduce the cyclic axial 
loadings on an ocean current turbine’s rotor blades. 
The numerical model was set to represent an OCT 
operating in both stationary and moored configura-
tions where the mean current shear is 0.004(m/s)/m, 
surface current speed is 1.72 m/s, and operating 
depth is 30 m to represent mean operating con-
ditions off the coast of Ft. Lauderdale. The OCT 
simulated in the stationary configuration showed 
the adaptive controller reduced the moment ampli-
tude of the harmonic oscillations by 91.18%. The 
adaptive controller operated in the moored config-
uration reduced the moment amplitude of the axial 
bending moments experienced by the rotor blades 
by 92.3%. This suggests that the adaptive controller 
performed well in both cases. The simulations with 
a maximum current shear value of 0.03 (m/s)/m with 
surface current speed of 2.5 m/s revealed that the 
adaptive controller performed better with a greater 
moment amplitude reduction of 94.12% in the sta-
tionary configuration than the 81.88% reduction 
observed from the moored configuration. 
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The Florida apple snail (Pomacea Paludosa; 
hereafter, apple snail) is found in tropical/subtrop-
ical wetlands (Cordeiro & Perez, 2011). In North 
America, the species is abundant in Florida and 
Cuba. The Florida apple snail is the largest native 
snail in North American freshwater ecosystems 
(The Pomacea Project, Inc., 2013). The species is 
particularly abundant in the Florida Everglades, a 
vast subtropical wetland shaped by water level fluc-
tuations, including periods of extreme inundation 
and severe drought (Darby et al., 2008). Apple snails 
have both a ctenidium (gill-like organ) and a lung 
which allows for better survival in areas with fluctu-
ating water levels (The Pomacea Project, Inc., 2013). 
Apple snails stay just below the surface of the water 
and along plant stems, which they use as a substrate 
to lay eggs. Apple snails are nearly the exclusive prey 
of the endangered Snail Kite (Rostrhamus sociabilis 
plumbeus) (Darby et al., 2008) and a critical part of 
the Everglades food web. Concern over the status 
of the Snail Kite has been the driving force behind 
the studies done on apple snails in the Everglades 

(Karunaratne et al., 2006). The dependence of Snail 
Kites on apple snails makes it important to under-
stand land cover use and abundance patterns of 
apple snails. This paper examines habitat variables 
that affect the presence of apple snails and tempo-
ral trends in abundance from 2005-2012. The study 
was done in conjunction with a long-term study of 
wading bird prey in the Everglades (Gawlik, unpub-
lished data).

Snail Kites have a large habitat range in which 
to forage because their prey, the apple snail, occurs 
in a wide variety of wetland land cover types, i.e. 
sloughs, prairies etc. However, there is a threshold 
of apple snail density (> 0.1–0.2 snails/m2) below 
which, Snail Kites have low capture rates (Darby et 
al., 2012). Consequently, apple snail density is likely 
to be more important than habitat type in determin-
ing Snail Kite capture rates. Snail Kites are visual 
hunters, searching for snails in their immediate sur-
roundings while perched or during slow horizontal 
flight several meters above the water (Sykes, 1987). 
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The structure of the vegetation also affects the 
suitability of kite foraging habitat (Bennetts et al., 
2006). Snail Kites prefer to forage in sparsely veg-
etated habitats with a moderate to high density of 
apple snails. Therefore, although apple snails occur 
in many wetland land cover types, the requirement 
for a high snail density and sparse vegetation struc-
ture may greatly reduce the area of suitable foraging 
habitat for kites (Bennetts et al., 2006). Thus, the 
objective of this study is to understand the condi-
tions that affect the presence of apple snails in the 
Everglades of Florida. 

METHODS

Sample Collection 
Apple snails were captured Dec-May each year, 

2005-2012 and subsequently labeled as part of long-
term study of aquatic prey of wading birds (Gawlik, 
unpublished data). Sampling occurred in 2013-2014 
with no apple snails collected. The sampling design 
consisted of three strata. Landscape units (LSU) are 
designated geographical sampling areas which con-
sist of smaller geographical clusters called primary 
sampling units (PSU). Twenty-five LSUs varied in 
size from 59-770 km2 with a mean size of 220 km2. 
Two hundred fifty-two PSUs were 400 m x 400 m in 
size and nested within LSUs. Throw-traps were 1-m2 
(Pierce & Gawlik, 2010) and nested within PSUs. 
There were two sites within each PSU and each site 
had two throw-traps when water levels were ~5-60 
cm. LSUs and PSUs were fixed throughout the sam-
pling years whereas throw-trap sub-samples were 
random. Initial PSUs were chosen randomly within 
an LSU and throw-trap sub-samples were chosen 
randomly within each PSU. A throw-trap is a box 
with an open top and bottom. When it is tossed 
properly, it captures 1-m2 of the water column and 
the small aquatic animals in it. A skirt with weights 
along the bottom edge ensures that there is a solid 
barrier down to ground surface, thus preventing ani-
mals from escaping. A bar seine that fits within the 
throw-trap is passed through it repeatedly until five 
consecutive sweeps result in no prey animals. 

The vegetation structure of sites was deter-
mined by measuring the distance from the center 
of a throw-trap to the nearest plant in each of four 
quadrants of the trap, and recording the plant spe-
cies name. The distance to nearest plant is inversely 
related to the density of the vegetation. If multiple 
types of vegetation occurred in the same throw-trap, 

the number of quadrants in which they occurred 
was summed and divided by four to determine the 
percent frequency of each. The plant species with 
the highest percent frequency was recorded as the 
dominant plant species for a throw-trap. If percent 
frequency was equal for more than one plant, all 
plant species were reported. 

Land Cover Type Selection
The original land cover types sampled were 

categorized as: slough, open prairie, dense prairie, 
airboat trail, gator trail, boat trail, hole, solution 
hole, alligator hole, tree island, transition, peat 
popup, and other. Several land cover types had 
few samples, therefore we collapsed the catego-
ries into more dominant land cover categories of: 
slough, prairies (comprised of open and dense prai-
ries), trails (comprised of airboat, alligator and boat 
trails), holes (comprised of holes and alligator holes), 
solution hole, and other (comprised of other, tree 
island, transition, and peat popup). In addition, in 
the several instances where there were multiple land 
cover types in one sampling site, we chose slough 
over alligator hole, open prairie, dense prairie, boat 
trail, and transition, and we chose open prairie over 
tree island; due to low sampling of the land cover 
types not chosen, we decided to select the more 
dominant land cover type out of the two. Samples 
were not taken when water levels reached ~5 cm or 
less (Fig. 1). Water depth was recorded at all four 
corners of the trap at each site. During the analysis, 
a mean water depth was calculated from the four 
measurements within each trap and kite foraging 
habitat was categorized as either suitable or unsuit-
able based on the apple snail density threshold of 
> 0.1-0.2 snails/m2 suggested by Darby et al. (2012). 
Data were collected in years 2013 and 2014; how-
ever, the average water depth data was omitted from 
these years since we were studying the water depth 
relative to apple snails and no apple snails were sam-
pled. Vegetation structure (dense vs. sparse) were 
measured within the throw-traps and compared 
visually between suitable (apple snail density thresh-
old of > 0.1-0.2 snails/m2) and unsuitable kite forag-
ing habitat, which has a lower snail density (Darby 
et al., 2012). 

Statistical Analysis
Chi-square test of independence (X2=∑[(o−e2)/e]) 

comparing observed and expected values was used 
to test the null hypothesis that apple snails occur 
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independently of land cover type. Observed val-
ues were derived from our collected samples and 
expected values were calculated as ((NR×NC)/N) 
where NR is the number of sites with at least one 
snail in a land cover type, NC is the number of sites 
without snails, and N is the total number of sites 
sampled. In addition, we tested whether the distri-
bution of suitable foraging habitat for Snail Kites 
was independent of land cover type. Suitable forag-
ing habitat for kites was defined as sites where apple 
snail density was > 0.1-0.2 snails/m2 (Darby et al., 
2012). A linear regression was used to test whether 
there was a change over the study period in the 
number of sites with apple snails.

RESULTS
Between 2005 and 2012, 876 sites were sam-

pled as part of an aquatic prey study of wading birds. 
There were 161 sites sampled from 2013-2014. Apple 
snails were collected in only 54 out of 876 (6%), of 
the sites (Table 1). Only 9 out of the 54 (17%), of 
the sites where apple snails were collected met the 
density threshold of > 0.1–0.2 snails/m2 (Darby et 
al., 2012) in order to be considered as suitable forag-
ing habitat for Snail Kites (Table 2). Seventy-seven 
percent of the sites sampled were in slough habi-
tats (Table 1.), the remaining 23% of sites were dis-
tributed across four land cover types and the other 
category.

The majority of apple snails (72%) were found 
in slough habitats (Fig. 2). However, the presence of 
snails was independent of land cover type, (X2 = 5.4, 
df = 5, P = 0.37) so the high proportion of snails in 
slough habitat simply reflected the large number of 
samples taken in that habitat (Table 1). The distri-
bution of suitable foraging habitat for Snail Kites 
based on snail density was also independent of land 
cover type (X2 = 6, df = 5 P = 0.31) (Table 2). 

Sites that were designated as suitable kite for-
aging habitat differed from other sites based on 
water depth and vegetation structure. Water depth 
was shallower at suitable kite foraging habitat than 
unsuitable foraging habitat (mean = 7.6 cm and 14.9 
cm, respectively; Fig. 3). Suitable foraging habitat 
had denser vegetation than did unsuitable foraging 
habitat (mean distance to nearest emergent plant 
stem = 8 cm and 16 cm, respectively). 

The long-term nature of the ongoing study 
allowed us to test for changes in the abundance of 
apple snails over time. We found that apple snail den-
sity declined significantly from 2005-2014, except 

for an increase in 2009 (Fig. 4). Unfortunately, the 
increased density in 2009 did not have a lasting 
effect. By 2013-2014, no apple snails were collected. 
The data in Figure 5 directly corresponds to the 
decline in number of sites in which apple snails were 
sampled (R2 = 0.45, b = -0.86, df = 9, P = 0.03). 

DISCUSSION
Our finding that apple snail presence was 

independent of land cover type suggests that Snail 
Kites should have many foraging habitats available 
to them, even though the density of snails we sam-
pled was quite low. However, because kites require 
an apple snail density of > 0.1–0.2 snails/m2 (Darby 
et al., 2012), suitable foraging habitats were actually 
quite limited. Sites considered suitable for kites had 
shallower water depths than did other sites. The 
presence of shallow water in kite foraging habitat is 
consistent with a previous study that suggested low 
water levels provide kites with easier access to snails 
(The Pomacea Project, Inc., 2013; Fig. 3). As with 
water depth, vegetation structure also acts to limit 
the distribution of suitable kite foraging habitat. 
Darby et al. (2012) found that kite foraging habitat 
had a denser vegetation structure than other sites. 
Denser vegetation may act as the substrate from 
which apple snails respire and lay eggs (FWC, n.d.), 
thus making them visible to foraging Snail Kites. 

The long-term decline in snail abundance was 
a surprising new finding. Apple snails are a key part 
of the Everglades food web (Karunaratne et al., 
2006) and have historically been abundant in the 
Everglades (Darby, 1998). A sudden decline in this 
important part of the Everglades fauna is alarming, 
particularly when considering the importance of the 
apple snail to the endangered Snail Kite. We con-
sidered whether the decline in snails was an artifact 
of our sampling but ultimately, rejected that expla-
nation. We reasoned that although the number of 
snails we detected in any given year may be lower 
than the true density because our samples were 
collected just as the marsh was drying and snails 
may have already experienced mortality, any sam-
pling bias toward lower abundance would be the 
same across all years. Thus sampling bias could not 
explain a decreased density over time. Furthermore, 
the statistically significant decline in the number of 
sites where apple snails were detected (Fig. 5) paral-
lels the decline in number of Snail Kites nesting in 
the Everglades (Fletcher et al., 2015). According to 
Fletcher et al. (2015), changes in water management 
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regimes have adversely affected Snail Kite nesting 
and foraging habitat while also inhibiting popula-
tions of Florida apple snails.

Wetland plants and animals are typically 
found in a particular range of hydrologic conditions 
(Keddy, 2000) such that changes in either direction 
will have impacts. For example, increased hydro-
period (number of days an areas is inundated with 
water) and higher water have had negative effects on 
Snail Kite habitat (Kitchens et al., 2002). Likewise, 
the drainage of wetlands has reduced habitat quality 
for both the apple snail and Snail Kite (Sykes, 1983). 
Both kinds of hydrologic changes occurred after 
the northern Everglades was divided into a set of 
large impoundments. The downstream sections of 
impoundments experienced increased hydroperiods 
whereas the upstream sections became drier. These 
changes were linked to shifts in plant communities 
(Ross et al., 2003) and declines in wading birds and 
Snail Kites (Kitchens et al. 2002). Indeed the pri-
mary goal of Everglades restoration is to deliver a 
flow regime that more closely mimics the natural 
water level fluctuations, with the expectation that 
native plant and animal communities will benefit 
(SFWMD, 2013).

Understanding the occurrence of apple snails 
relative to specific environmental conditions is 
essential because our study shows that land cover 
type does not have an effect on their occurrence; 
apple snails were found in all habitat types. In con-
trast, environmental conditions do have an effect on 
the abundance of apple snails and likely on the for-
aging success of Snail Kites. Identifying key habitat 
parameters such as these associated with kites and 
their dominant prey type can lead to water manage-
ment regimes that sustain the endangered Snail Kite 
and the Florida apple snail.
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Table 1. Total sites sampled with and without apple snails collected relative to land cover type, 
2005-2012. X2 = 5.4, df = 5, P = 0.37. No snails were captured in 2013-2014, so these years were 
excluded.

Observed Expected

Land 
Cover
 Type

Number of 
Individual 
Sites with 
Collected 

Apple Snails

Number of 
Individual 
Sites Sam-

pled without 
Apple Snails

Total 
Sites 
Sam-
pled Land Cov-

er Type

Number of 
Individual 
Sites with 
Collected 

Apple Snails

Number of 
Individual 
Sites Sam-

pled without 
Apple Snails

Total 
Sites 

Sampled

Slough 39 635 674 Slough 42 632 674
Prairies 3 63 66 Prairies 4 62 66
Trails 1 17 18 Trails 1 17 18
Holes 5 68 73 Holes 5 69 74

Solution 
Hole 5 23 28

Solution 
Hole 2 26 28

Other 1 16 17 Other 1 16 17
Total: 54 822 876 Total: 55 822 877

Table 2. Total sites with apple snails collected relative to land cover type. Compared among sites 
deemed suitable and unsuitable for Snail Kites based on the apple snail density threshold by Darby 
et al. (2012) (> 0.1–0.2 snails/m2), 2005-2012. X2 = 6, df = 5 P = 0.31. No snails were captured in 2013-
2014, so these years were excluded.

Observed Expected

Land Cov-
er Type

Sites Suit-
able for 
Kites

Sites Un-
suitable for 

Kites

Total 
Sites with 

Apple 
Snails 

Collected Land Cov-
er Type

Sites Suit-
able for 
Kites

Sites Unsuit-
able for
Kites

Total 
Sites 
with 

Apple 
Snails 

Collect-
ed

Slough 7 32 39 Slough 6.5 32.5 39
Prairies 0 3 3  Prairies 0.5 2.5 3
Trails 1 0 1 Trails 0.2 0.8 1
Holes 0 5 5 Holes 0.8 4 4.8

Solution 
Hole 1 4 5

Solution 
Hole 0.8 4 4.8

Other 0 1 1 Other 0.2 0.8 1
Total: 9 45 54 Total: 9 44.6 53.6

TABLES AND FIGURES
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Figure 2. Proportion of apple snails collected relative to land cover type, 2005-2012; 
observed and expected values (calculated in order to compare in a chi-square test of 
independence). 

Figure 3. Mean annual water depth at sites considered to be suitable (> 0.1–0.2 snails/
m2, Darby et al. [2012]), and unsuitable (apple snails collected; density threshold not met) 
foraging habitat for Snail Kites based on apple snail density. 

Figure 1. Proportion of throw-trap samples collected relative to water depth 2005-2014. The 
majority of throw-trap samples taken when water levels are ~5-28 cm (source Gawlik, unpublished 
data).
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Figure 5. Number of sites where apple snails were detected each year, 2005–2014.

Figure 4. Total number of apple snails collected by year, 2005-2014. 

y = −0.8606x+1734.8
R2 = 0.448
P = 0.03
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1 INTRODUCTION
In recent years, there has been enormous 

interest in the development and application of 
machine learning techniques. A major obstacle for 
real-world applications of machine learning is the 
design, implementation, and training of hardware to 
perform a specific task. In the example of a com-
puter-controlled autonomous device, the invest-
ment in parts and the running time associated with 
training a machine learning algorithm in a robot 
can be inefficient. We propose a hardware-agnostic 
method of state space reduction to unify the state 
representation between a simple simulator and real-
world agent, which allows for faster implementation 
of reinforcement learning algorithms on real-world 
agents.  We apply this method to a physical opti-
mal path problem using toy rovers and a reinforce-
ment learning technique, Q-Learning, to examine 
its effectiveness against a statistical performance 
baseline. 

1.1 FPV Rover
We have begun to utilize off-the-shelf first-per-

son view (FPV) Rovers sold by the Brookstone man-
ufacturing company. These tank rovers currently sell 

for $99 and come pre-equipped with motor operated 
tank treads for movement, a tilting forward-fac-
ing camera and Wi-Fi connectivity. Everything is 
housed in a plastic case which can be easily modified 
to attach secondary sensors and instruments. Power 
is supplied by six AA batteries. 

Most importantly, each component can be 
independently controlled remotely through a 
Python API [5], developed by Simon D. Levy, which 
may be programmed directly into a variety of con-
figurations housed on an independent computer. 
This ease of hardware setup and programming flexi-
bility allows for more time to be spent on the imple-
mentation of the experiments rather than trouble-
shooting hardware. 

1.2 The Current Study
In the current study, we utilized the tank 

treads and camera to use the rover as a Q-Learning 
agent, which will choose an optimal set of actions 
to achieve a predefined goal. The agent is imple-
mented as in previous Deep Learning experiments 
by Google DeepMind [6], which were able to match 
or surpass human performance in several Atari 2600 
games. The goal of this work was twofold: create a 
physical implementation of the Deep Q-Learning 

Department of Computer & Electrical Engineering and Computer Science

Q-Learning in an Autonomous Rover
Marcus McGuire, Paul Morris, Washington Garcia, Shawn Martin, Nicolas Tutuianu & Elan 
Barenholtz

Robotics researchers often require inexpensive hardware that is freely distributable to the pub-
lic domain in large numbers, yet reliable enough for use in different applications without fear 
of the hardware itself becoming a burden. In the past, researchers have moved towards robot 
simulations, in favor of the lack of hardware and ease of replication. In this paper we introduce 
an implementation of Q-Learning, a reinforcement learning technique, as a case study for a new 
open-source robotics platform, the Brookstone Rover 2.0. We utilize a Theano-based implemen-
tation of Google DeepMind’s Deep Q-Learning algorithm, as well as OpenCV for the purpose 
of state-reduction, and determine its effectiveness in our rovers with a color-seeking “rover-in-
a-box” task.
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algorithm presented by DeepMind, and also act as 
a springboard for future AI projects involving the 
Brookstone rover.

1.2.1 Q-Learning

Q-learning is formally defined as a model-free 
reinforcement learning algorithm that can be used 
to find an optimal action-selection policy for any 
finite Markov decision process [10].  This definition 
implies that the given problem model consists of 
an agent, states, and a set of actions for each state.  
It also implies that the agent does not attempt to 
learn a model of its environment; it only learns from 
its history of interactions with it.  The only objec-
tive of the agent is to maximize the total reward.  
This reward is not received until the process has 
been completed or a terminal (final) state has been 
reached.  Therefore, the agent determines which 
action is optimal in each current state by calculat-
ing which action has the highest long-term reward 
or the weighted sum of the expected rewards of all 
future steps. The Q-Learning equation is shown 
below [10].

1.3 World
Here, we implement a “rover-in-a-box” para-

digm modeled after the operant conditioning cham-
ber, or “Skinner Box”, an apparatus used to study 
animal behavior. An animal subject is placed in a 
box and given different rewards whenever the sub-
ject interacts with some lever or mechanism inside 
the box [7]. The idea is to replicate this apparatus 
where the rover acts as the subject, and the inside 
of the box represents the rover’s world. A different 
color of paper is placed on each side of the box, with 
a reward given whenever the rover sees a specific 
color. The overall goal is to learn the shortest path 
to the reward.

2 METHODS

2.1 Image Processing
The input image to the rover is very high-di-

mensional. In order to reduce the state space for 
Q-Learning, we used the OpenCV module to ana-
lyze and distil each frame of the rover’s video feed 
into its key points. The image processing started 

BRIEF DESCRIPTION
The resulting Q-value that is calculated is the expected total reward of taking an action (at) in a given 

state (st).  This is the immediate reward received upon taking that action in that state (rt+1) added by the dis-
counted utility (γ) of the resulting state.  Then, the difference is found between the resulting number of this 
and the previous Q-value, since this algorithm updates the Q-value during each instance rather than resetting 
it.

Explaining each parameter in more detail:
• Learning rate (at (st, at)) - This determines how fast the newly acquired information will override the 

old information (0 < α < 1). If the learning rate is 0, the agent will not learn anything.  If it is 1, solely 
the most recent information would be considered. A constant closer to 0 is often used such as α(s, a) 
= 0.1 or for all t.

• Discount factor (γ) - This influences the importance of how soon reward is received (0 < γ ≤ 1).  If 
γ is closer to 0, the agent will only consider short-term rewards.  On the other hand, if γ is closer to 
1, the agent will strive for a high-reward in the long-term. A constant closer to 1 is sometimes used; 
however, starting with a lower discount factor and increasing it toward a higher value can be used to 
accelerate the learning process.

•  Estimate of optimal future value (Utility) (maxQt (st+1, a)) - The utility of a state is the Q-value of 
the best action from that state.  From the next state, the agent considers all the actions and takes the 
maximum value.
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with the raw video feed from the rover’s built-in 
camera. The image was then converted from a red-
green-blue (RGB) color space to a Hue-Saturation-
Value (HSV) color space. This was done because 
HSV provided greater contrast between colors and 
allowed for easier definition of target color ranges. 
The OpenCV library was then used to make a mask 
of the image for each target color, discarding the 
pixels that do not fall in that color’s HSV value 
range. 

To perform noise reduction, we used opening 
and closing morphological operations. Both open-
ing and closing operations use the operation dila-
tion, where every 5x5 set of adjacent pixels that con-
tains at least one active pixel, becomes a 5x5 set of 
all active pixels, and the operation erosion, where 
every 5x5 set of adjacent pixels that contains at least 
one inactive pixel, becomes a 5x5 set of all inactive 
pixels. Morphological opening performs an erosion 
followed by a dilation in order to remove small par-
ticles from the image. Morphological closing per-
forms a dilation followed by an erosion in order 
to fill holes within larger objects in the image. The 
other method we used for noise reduction relies on 
the fact that the noise we were trying to eliminate 
was random, while the target object remained rela-
tively constant. The noise was filtered out by com-
paring all the pixels in each mask to the pixels in 
the mask of the two frames before it and removing 
the pixels that were not present in all three of the 
masks. 

After the noise was filtered out, OpenCV was 
used to find the contours of the objects in each of 
the masks. Then, OpenCV was used to find the 
center of the largest contour. This central point for 
each color is the main piece of information we used 
to determine the state. To determine the state from 
the central point, we broke the image into 3 equal 
portions: the far left third of the image, the mid-
dle third, and the far right. The x –coordinate of the 
central point was compared to the x value cutoffs 
for each third of the image to determine in which 
point the point was located. Each third was repre-
sented as either a 1 or a 0, depending on whether 
the central pointed was located in the third or not. 
For example, a state of [1,0,0] means there is an 
object of the target color with its center located in 
the left third of the rover’s image. These three num-
bers that represent the state for a single target color 
were computed for each of the four target colors 

and combined into a single set of twelve numbers 
that constitute the rover’s whole state.

2.2 Simulation Method
Due to the physical limitations of robotics, a 

rover in a box being trained through reinforcement 
can only learn as fast as it can turn.  Because of the 
large number of training iterations necessary for the 
rover to learn an optimal policy live training can be 
inefficient.  Therefore, we developed a box simula-
tion in order to learn an optimal policy for actions 
in the simulated world and test the effectiveness of 
“offline” training in a simulator.  In reality, the rover 
in our example was able to observe an incredibly 
large number of states inside the “box” correspond-
ing to the number and pixels in each frame from its 
input camera and the value of each pixel.  It would 
be difficult to construct an accurate simulation of 
the images the rover would receive navigating inside 
the box due to the sheer number of possible states 
in the simulation.  However, after image processing, 
the “state space” of the box example was greatly 
reduced to only essential information. This reduced 
state space was small enough to encode in a simula-
tion as a digital “world”.  We designed this simula-
tion to test whether a policy of actions trained in a 
“world” that accurately simulated the colors of the 
walls inside a box would translate to use in a real 
rover with the help of image processing.

The simulation was implemented in Python 
and consisted of three parts.  The simulation had a 
world made up of states and transitions, an iteration 
loop that simulated a rover’s movement throughout 
a box, and an implementation of the Q-Learning 
algorithm written in Google’s TensorFlow machine 
learning library. The world’s states were linked by 

Figure 2: The Rover highlighting an orange wall
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a list of transitions, where each transition corre-
sponded to an action.  For instance, if turning left in 
state A would lead to state B, the world would con-
tain a transition ((A, Left) => B) and would change 
to state B whenever the simulated rover made a left 
turn in state A.  The iteration loop observed a simu-
lated rover’s current state, obtained an action from 
the Q-Learning algorithm’s learned policy, took 
the action, obtained a new state and reward from 
the world, and updated the Q-Learning algorithm’s 
expected reward based on the new state and action.  
In this process, the Q-Learning algorithm learned to 
predict the reward it would receive for taking a cer-
tain action in a certain state.  After a sufficient num-
ber of iterations, the Q-Learning implementation 
was expected to learn a policy of actions for navi-
gating the states in the simulated world.  The suc-
cess of the policy trained from the simulation would 
be based on how closely the actions recommended 
by the policy compare to the actions necessary to 
take the shortest path from a starting position to 
the target wall, or “goal state”.  The metric we used 
to analyze the simulation results was the difference 
between the number of states the trained policy 
would pass through when told to take the shortest 

path to the goal state and the actual minimum num-
ber of states necessary to reach the goal state.

2.3 Rover Implementation 
The rover implementation is written in Python 

and builds off the Brookstone Rover 2.0 API cre-
ated by Simon Levy [5]. The implementation is split 
into separate modules to control different aspects 
of the program. A diagram of the different modules 
is shown below: 

Following the algorithm presented by 
DeepMind [6], several states are taken with ran-
dom-policy and stored in replay memory. At each 
time step, the state consists of a 4x3 matrix rep-
resenting the four colors of the box and in which 
three portions of the screen they are located. In an 
ideal rover box scenario, there are never more than 
two colors present on the screen at a time. Once 
the replay memory is filled, the rover loops for an 
arbitrary amount of iterations in what is called the 
learning phase. At each iteration, the Q-Learning 
equation (1.2.1) is emulated by optimizing the 
weights of a neural network. In this experiment, it 
is necessary to define a beginning state and a goal 
state. In our experiments, we define the pink color 
as the goal (terminal state) and assign it a constant 

Figure 3: UML Diagram of the Rover Implementation
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positive reward. The beginning state is defined as 
whatever color lies on the opposite side of the pink 
wall.

The primary modules are labeled Rover, 
World, KivyGUI and Learning. Rover controls the 
low-level functionality to communicate with the 
rover and is composed of the Simon Levy rover API. 
The Learning module defines the Deep Q-Learning 
agent, using Theano [1] and Lasagne [4] to handle 
the training and Neural Network updates respec-
tively. The Q-Learning module is based off code 
published online [9], which follows the algorithm 
described by DeepMind [6] and implemented by 
Nathan Sprague [8]. The world is an abstraction 
of the Skinner Box world and is responsible for 
obtaining information processed by the rover and 
sending it to the learning model within KivyGUI. 
KivyGUI uses the Kivy GUI programming frame-
work [5] to define a Graphical User Interface (GUI) 
for the human operator to interact with, which in 
turn manipulates the World module through differ-
ent modes available to the user.

The structure of our program is inspired by 
previous work by Korjus, who attempted to recreate 
the DeepMind experiments [3]. In their implemen-
tation, Atari Learning Environment (ALE) was used 

as the central processing unit between the human 
interface and the Q-Learning agent. We mimic this 
with our World module, which in practice relayed 
the information between the Rover and Learning 
modules. By treating the agent as an inhabitant 
of the World, it was much easier to envision what 
power each object should have over the agent. In 
our case, the human operator has control over the 
World, which in turn has control over the agent. 

Several rover control modes were made possi-
ble with this organization, which in our latest release 
includes Manual Mode, OpenCV Debug Mode, and 
Q-Learning Mode. The human operator can choose 
to control the world directly (Manual Mode) or let 
the Q-Learning module run through the training 
(Q-Learning Mode). OpenCV Debug mode was cre-
ated as a tool to help us find the most accurate Hue-
Saturation-Value color codes to use in our OpenCV 
implementation. This structure also opens up the 
opportunity for future work with the rovers.

Figure 4: Skinner Box environment, the rover’s “world”, consisting of pink, green, blue, and 
orange (not visible) sticky notes
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2.4 Materials
The rover’s physical world was created 

using a cardboard box and pieces of neon colored 
sticky-notes:

An advantage of the Skinner Box scenario 
is that the true optimal path is known before-
hand. Based on the reward assignments, it is 
often easy to see what the optimal path will 
be and what sum of rewards R0 is expected. A 
good approximation of the optimal path occurs 
when the sum of rewards R0 is maximized: 
where k is the number of moves before finding pink, 
and is thus minimized. 

Flipping the rewards to generate two unique 
worlds ensures the agent can learn regardless of the 
model’s input. Since the action selection is limited 
to only left or right, it is possible for a model to 
have the rover only go a single direction such that 
the pink card is always found, regardless of reward. 
With this reward combination, and given the previ-
ous definition of R0, a good approximation of the 
optimal path is one which avoids the color with 
negative rewards and takes the minimum number of 
moves. The speed of the rover motors is kept con-
stant such that four complete moves are required 
to flip the rover to the opposite side of the box. By 

intuition, the optimal path, starting from the blue 
wall, will always take four moves. 

For the scope of this paper, we focus on the 
number of learning phase iterations and their 
effect on the final model. A physical limitation of 
the experiments was the amount of time taken for 
the rover to act, which caused high iteration exper-
iments to become unfeasible, due to battery life. We 
observe if an optimal path could be found despite 
limited iterations. After the learning phase com-
pletes, the model is tested by setting the rover to 
the blue wall and allowing it to act according to the 
information collected.

A run ends when the rover either finds the 
pink card or when it has reached the upper thresh-
old for the number of moves, 12. If the rover did 
not find the pink wall in 12 moves or less, no path 
was found. The number of moves and optimality is 
recorded for each run. The number of times a path 
was found is compared against the number of times 
an optimal path was found, to visualize how accu-
racy is affected by the number of iterations.

3 RESULTS

3.1 Simulation Results
Our Neural Network Q-Learning implemen-

tation was tested in a simulation of the box with 
twelve possible states.  After two thousand training 
iterations at a learning rate of 1e-3 for each iteration, 
the length of the path the network learned to take 
was evaluated against the actual shortest path.  The 
problem was evaluated at multiple solution states 

Figure 5: A model of the rover’s world with the rewards it received at each location
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where the shortest path length fell into one of three 
categories, as shown in Table 1.  The shortest path 
length is defined as the minimum number of state 
changes needed to take the shortest path.

The simulated Q-Learning algorithm per-
formed perfectly when the shortest path was of 
length two or six on all one hundred runs.  The 
algorithm still performed well on four-length paths, 
but occasionally found an eight-length path (mean-
ing it turned the other direction around the circu-
lar twelve-state world.)  This result seems to occur 
because the 1e-3 learning rate only propagated a sig-
nificantly discounted reward to states two to four 
states away from the terminal reward.  Because the 
discounted reward was similar at both four and 
eight steps away from the goal state, the network 
saw the same reward turning left and turning right 
in that position.  At length six, this issue did not 
occur because the distance between left and right 
are both equal at a path length of six.

3.2 Rover Results
The primary goal of the learning phase is to 

construct a model that will guide the rover to an 
optimal path. The variables of the Q-Learning 
function, the hyper-parameters, were originally 
set according to the findings by Nathan Sprague 
[8]. A variety of unsuccessful preliminary runs 

were conducted in order to find a good combina-
tion of hyper-parameters that led to the pink card, 
although the results are not presented here. After 
several tests, the hyper-parameters were chosen as 
below: 

One obstacle encountered was ensuring that 
the rover learned a path which was significantly bet-
ter than taking random actions. The rover’s accu-
racy is measured by its probability of finding an 
optimal path. For taking only random moves, the 
probability, P(r), is calculated using the four-step 
optimal path. Since the rover may only choose from 
two actions, there is 50% probability to make a cor-
rect move at each time step:

 
where tn is the nth time step in the rover’s world. 

This percentage is used as the baseline for com-
parison against the Q-Learning results. However, 
we wanted to ensure that the rover met both condi-
tions of the optimal path condition: that the num-
ber of moves is minimized, and that total rewards 
are maximized. To ensure both possibilities were 
tested, we utilize two unique worlds as discussed in 

Table 1: Simulation Results over 100 runs for Q-Learning Agents

Table 2: Simulation Results over 100 Runs for Random Agent, and Comparison to Q-Learning 
Agent
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Table 3: Ideal hyper-parameters for our rover experiments

Figure 6: Average of 10 runs for World One experiment on each iteration amount

Figure 7 Average of 10 runs for World 2 experiment on each iteration amount
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section 2.2. Ten separate runs were conducted after 
training for each iteration amount, and the average 
calculated to find how often a path is found. 

The results are summarized in the tables 
above. As Figure 6 shows, accuracy increases with 
iteration amount but then falls off after 125 itera-
tions. In most runs, the rover managed to find an 
optimal path, but sometimes the path found was 
not optimal. For 100 iterations and above, the 
Q-Learning model performed well above the base-
line of P(r). 

Figure 7 shows that accuracy is not as high for 
World 2, with a dip in the middle of the graph at 
125 iterations. Accuracy increases at the lower and 
upper iteration counts, with the best performance 
at 175 iterations. At 175 iterations, the Q-Learner 
performed much higher than the baseline of P(r).

An interesting observation of the experiments 
is how often an optimal path was found for World 1 
versus World 2. For World 1, the model gave a high 
rate of optimal output, but for World 2 a new model 
with the same iterations and same environment 
setup failed to yield a similar rate of optimal paths. 

Despite the dip, the model performed well for 
World 1 with 125-150 iterations, with a slight drop 
off in accuracy as the iteration amount increased. A 
similar trend is visible in World 2, where instead the 
accuracy drops off at around 200 iterations. World 
2 has a visible reduction in optimality compared to 
World 1. During testing, the rover had a tendency to 
focus on whichever path it found first for the dura-
tion of testing.  

Another observable effect was an oscillation of 
the rover in specific corners of the world until the 
run ended, which was most common during tests 
with low and high iteration amounts. This behavior 
was unexpected for high iteration counts, and we 
believe over-training became a factor as our learn-
ing rate was kept constant. The introduction of a 
learning rate reduction schedule may alleviate this 
behavior in future experiments.

4 CONCLUSION
Similar to experiments by Google’s DeepMind, 

we were able to successfully implement a Q-Learning 
agent, which allowed our rover to learn. Over many 
iterations, results show that our rover is capable of 
finding the shortest path seamlessly and accurately. 
Regardless of implementation, both implemen-
tations performed well above the baseline accu-
racy of a 6.25% random policy. This being said, the 

simulation and rover implementation of the “rover-
in-a-box” problem both have their unique advan-
tages. While both implementations were capable of 
producing accurate results, the simulation was able 
to produce an accurate Q-Table and trained neural 
network significantly faster than the latter, due to 
physical constraints such as time, battery life, and 
computer speed as opposed to rover movement.

These findings could be used in a magnitude of 
ways. An effective use would be to allow these two 
implementations to work in tangent. To build the 
Q-Table in a simulation, and then feed the Q-Table 
into a working rover. By recreating the environment 
in a simulation, this reduces the training time and 
improves efficiency. Regardless, this proof of con-
cept simply does not do Q-Learning enough jus-
tice. Q-Learning, as well as concepts from Google’s 
DeepMind could be implemented to do extraordi-
nary things from allowing the creation of self-driv-
ing cars, to enabling the revolution of artificial intel-
ligence as a whole.
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BACKGROUND AND 
SIGNIFICANCE

Oxygen plays a dual role in all life: in one 
regard, this molecule is critical for the sustenance 
of life, while conversely, it can be a highly toxic 
substance. Nonetheless, every aerobic organism 
requires oxygen for life, growth, and development. 
But as a shortcoming of extensive oxygen-use, all 
organisms have to deal with ROS (Reactive Oxygen 
Species). Oxidative stress presents an imbalance 
between ROS and an organism’s ability to detox-
ify them and repair the damage. Lipids, nucleic 

acids and proteins are sensitive to damage by ROS 
(Radak 307). Most protein damage has adverse con-
sequences for its structure and function, and the 
accumulation of oxidized proteins may promote 
a wide range of human pathologies (Davies 94). 
ROS-induced damage increases with aging, which 
accelerates the progression of neurodegenerative 
diseases. Due to the high rate of metabolism, brain 
tissue is specifically sensitive to oxidative stress. It 
is well-established that accumulation of ROS and 
misfolded proteins in neuronal tissue is strong-
ly-linked to the onset of a variety of neurodegener-
ative diseases, including age-related disorders, such 

Department of Biological Sciences

Methionine Sulfoxide Reductase Expression 
in Response to Anoxic Stress Conditions in D. 
melanogaster
Evgeniya Rakitina & David Binninger 

Anoxia is condition of oxygen deprivation. Thousands of human deaths each year are attributed 
to events of induced anoxic conditions – ischemic strokes and heart attacks being the most 
numerous. But whereas mammals poorly tolerate anoxic stress, D. melanogaster endures hours 
of anoxia with no apparent problems. In response to anoxia, flies suppress overall energy levels 
and enter protective comma - spreading depression. Animals recover from comma after being 
returned to normal oxygen levels. Period following reintroduction of oxygen is characterized 
by overabundance of Reactive Oxygen Species (ROS), which oxidize vital molecules in cells. 
Methionine is exceptionally susceptible to oxidation by ROS, but can be catalytically restored by 
enzyme Methionine Sulfoxide Reductase (Msr). Currently, little is known about the relationship 
between Msr activity and recovery from anoxic stress in Drosophila. Expression of Msr genes in 
response to anoxia is the subject of this study. We use anoxia chamber to induce comma in flies, 
followed by Drosophila Activity Monitor to record recovery times. Our results show, that single 
mutant knockout flies do not take significantly longer than wildtype flies to recover from spread-
ing depression. However, double mutants take significantly longer to recover and a greater num-
ber of Msr-deficient flies die as a result of anoxia. Failure to recover from anoxia becomes more 
pronounced as animals approach senescence. Protein oxidation levels are significantly increased 
in post-anoxic Msr double-mutant flies in comparison to wildtype animals. These studies offer 
insight into the role of oxidative damage during reperfusion period following cardiac stroke.
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as Parkinson’s disease (Jellinger 1114). In this respect 
studying redox homeostasis is important in under-
standing aging and the onset of neurodegenerative 
diseases (Labunskyy 1369).

Anoxia or oxygen deprivation is one of the 
major stressors for most organisms, and is charac-
terized by the high rate of redox reactions. Anoxia 
can compromise viability of the tissues subjected to 
inadequate oxygen supply and thereby threaten the 
life of the organism as a whole. In humans, Anoxic 
conditions such as ischemia in neuronal or cardiac 
tissues leading to stroke and heart attacks are one of 
the leading causes of death worldwide (Woorons 27). 
Although extremely damaging in humans, anoxia 
can be tolerated relatively well by some animals, 
specifically turtles and fruit flies. The common fruit 
fly, Drosophila melanogaster, has evolved a special 
mechanism – spreading depression, which allows it to 
withstand hours of anoxia (Stadtman 235). Spreading 
depression can be characterized by an abrupt 
increase in [K+] in the neuropil, which leads to the 
arrest of Central Nervous System function during 
anoxia. In this way, animals protect themselves 
during certain environmental occurrences, such as 
flash floods and monsoons. Recovery from anoxia 
occurs very quickly once normoxic conditions are 
reestablished (Armstrong 8229). Both humans and 
the D. melanogaster experience the greatest anoxic 
stress during the period of re-oxygenation, when 
oxygen is introduced back into the cells, leading to 
an outburst of ROS that rapidly damages cellular 
components (Blokhina 181).

Under normal conditions, ROS can be pro-
duced within the organism by a variety of processes, 
ranging from highly controlled radicals, such as oxy-
gen species produced by neutrophils that are used 
in host defense, to the formation of oxidants, such 
as such as peroxide and superoxide which are pro-
duced in cells as by-products of cellular metabo-
lism (Davies 95). Formation of most ROS occurs in 
mitochondria, where the majority of the oxygen is 
utilized within most cells (Boveris 707). A series of 
oxidative reactions accomplished by protein com-
plexes on the inner membrane of the mitochondria 
produce energy for the cellular metabolism in the 
form of the ATP. Leakage of electrons from these 
complexes promote single-electron reduction of 
oxygen to form superoxide – a precursor to most 
ROS. Further dismutation of superoxide results in 
hydrogen peroxide production (Krivoruchko 187). 
Consequently, interactions between hydrogen per-
oxide and superoxide produce hydroxyl radicals 

(either through Haber-Weiss reaction or Fenton 
reaction) (Hermes-Lima 322).The latter are key play-
ers in cysteine (Cys) and methionine (Met) oxidation 
– two essential amino-acids with an extreme degree 
of vulnerability to oxidation (Drazic 1369). Recent 
studies confirm remarkable similarity between the 
functions of Cys and Met – most importantly, both 
are subject to reversible oxidation and reduction 
(Kim 901).

Met is readily oxidized by ROS to methionine 
sulfoxide (MetO) and consequently reduced back to 
its functional form by methionine sulfoxide reduc-
tases (Msr) which is universally conserved through-
out aerobic organisms. Oxidizing Met to MetO ren-
ders two forms - S and R, which are diastereomers 
of one another. Thus, organisms have two types of 
Msr: Msr A, encoded by the MsrA gene that specif-
ically reduces the S-form of MetO, as well as MsrB, 
encoded by MsrB gene that specifically reduces the 
R-form of MetO (Kim 901). Currently it is accepted 
that both MsrA and MsrB are effective endogenous 
antioxidants in reducing MetO to its functional 
form – Met, as well as scavenging ROS before they 
have a chance to damage the cells (Stadtman 235). 
Proposed functions of these enzymes involve repair 
of oxidized proteins, regulation of protein func-
tion, and elimination of oxidants through reversible 
formation of methionine sulfoxides (Levine 304). 
In particular, MsrB proteins were identified and 
characterized in many organisms including bacte-
ria (Grimaud 48916), yeast (Kryukov 4246), fruit fly 
(Kumar 37528), and mammals (Jung 93). Thus far, two 
mammalian MsrB proteins were identified: seleno-
cysteine (Sec)-containing protein or selenoprotein 
R and its homolog CBS-1, in which Cys is present 
in place of Sec (Kim 1058). Although Msr enzymes 
have been extensively studied in recent years, Msr 
gene activity and its relation to anoxia tolerance has 
remained largely uncharacterized.

Using D. melanogaster as a model, we began con-
ducting studies on Msr with overexpression of genes 
involved in anoxia recovery. The results of these 
studies have been inconclusive and no significant 
phenotype was found (Ruan 2752 and Shchedrina 
430). However, with classical genetic mutations – 
particularly gene deletions– we could better assess 
the activity of Msr genes. A series of such mutations 
have been created in order to produce strains of flies 
with MsrA loss-of-function (LOF) allele, MsrB LOF 
allele, and MsrA/MsrB LOF alleles. At this time it 
is possible to use further molecular testing, such as 
Western blotting and Protein carbonyl formation to 
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understand how anoxic conditions effect the expres-
sion and activity of Msr gene family and if there is 
a link between the absence of functional Msr genes 
and anoxia tolerance in D. melanogaster. Previous 
studies have shown that MsrA/MsrB double LOF 
flies do not recover as well from anoxic stress con-
ditions in comparison to the wildtype individuals 
(Howard 5). Further studies confirmed former find-
ings in regards to MsrA/MsrB LOF but also showed 
that single LOF MsrA and MsrB mutants experi-
ence a difference in recovery time during middle 
age, but not near senescence (Suthakaran 7).

The objective of this project is to establish 
the relationship between anoxic conditions and the 
expression of the Msr genes in the model organism 
– D. melanogaster. By using MsrA and MsrB deletion 
lines of the flies at different stages of their lifespan, 
we foundthat Msr single LOF genetic mutants are 
more susceptible to oxidative stress induced by 
anoxic conditions. We hypothesize that the lack 
of Msr gene activity will compromise D. melanogas-
ter’s ability to recover from anoxic stress conditions 
when both of the Msr-encoding genes are deleted 
from the genome of the organism, leading to the 
accumulation of ROS and damaged proteins in cells. 
The results of these experiments have the potential 
to explain how oxidative stress induced by anoxic 
conditions contribute to aging and the onset of 
age-related pathologies. Further, these findings sug-
gest a possible mechanism by which oxidative stress 
response pathways are being regulated. The results 
of this study will allow for the development of novel 
Msr-targeted drugs, which could become therapeu-
tic tools to slow the progression of age-related dis-
eases, as well as hypoxia-induced tissue damage.

MATERIALS AND METHODS

Genetic lines and experimental 
design.

For this study four genotypes of D. melano-
gaster were used: wildtype line (WT31), MsrA LOF 
line (A90), MsrB LOF line (B54), and MsrAB LOF 
(AB46). These genetic lines were used to calculate 
% recovery from the anoxic stress conditions, aver-
age recovery time, anoxia induction, as well as mea-
surement of protein carbonyl levels in post-anoxic 
flies.

Examining the effect of anoxic stress 
conditions in single and double 

mutant D. melanogaster – Anoxia 
Chamber Experiments.

Flies of each genotype were obtained from a 
stock maintained in lab. To produce an F1 genera-
tion, flies were raised in separate stock bottles on 
standard cornmeal agar media (Genessee) for 10 
days at 25°C, then P (Parental) generation was care-
fully cleared with CO2 gas to anesthetize and take 
them out of the bottles. This marked day 1 of the 
F1 generation. After five more days in the incuba-
tor (25°C), male flies of F1 generation were selected, 
their age was determined and female flies were sac-
rificed. These flies were placed in vials (10-15 flies 
per each vial) and aged to 5-10 days, 20-25 days, 
30-35 days, 40-45 days (early senescence for the 
double mutant flies – AB46); 50-55 days and 60-65 
days (senescence). Flies were maintained in the vials, 
and placed to the fresh vial every two weeks. Upon 
approaching late middle age senescence, vials were 
replaced every week to ensure survivability. One 
group of flies was used as a control line and exposed 
to normal level of atmospheric oxygen (normoxia). 
Remaining groups of flies were exposed to anoxic 
an environment for 1 hour, immediately after expo-
sure the flies were loaded into a Drosophila Activity 
Monitor (DAM System) to record their recovery 
times. The recording was continuous for 5 hours 
after re-oxygenation.

The baseline movement of each age group 
of flies was first analyzed with DAM (Drosophila 
Activity Monitor) for 10 minutes to calibrate the 
system. DAM System consists of MAN2 gas dis-
tribution manifold with 32 holes, each one having 
a transparent tube with small perforations on the 
sides to allow for the gases to flow freely in and out 
of the tubes. Single flies were placed in each DAM 
tube and were immediately covered to begin accli-
mation. Tubes were linked to the DAM System with 
an infrared beam moving down the center to record 
the movement of the animal. After the initial DAM 
run, flies were positioned (remaining inside the 
tubes) in the anoxic tank, where they were subjected 
to 1 hour of anoxic stress with continuous flow of 
100% nitrogen gas. Nitrogen gas is flowing under 
pressure and effectively displaces air originally pres-
ent in the tank introducing anoxic conditions. The 
countdown began at the time when all of the flies 
fell into coma (spreading depression). The tank used 
for anoxia experiments was a sealed glass chamber 
(Anoxia Chamber) with tubing connected to 100% 
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Nitrogen gas that was constantly flowing inside to 
ensure complete absence of oxygen.

Flies were taken back to the DAM System 
after spending one hour in the chamber. DAM hold-
ers with flies were connected to the computer with 
the DAM software. The system was set up to record 
flies’ activity every minute. This is done through 
the infrared beam of light that is triggered and is 
being displaced by flies’ movement. DAM counted 
each beam displacement as a movement. DAM was 
continuously recording beam displacements over a 
period of 5 hours to determine the recovery time, 
% recovery was registered by the DAM computer 
software.

Examining the potential for MsrA 
and/or MsrB to be induced in anoxic 
conditions – Western Blot Analysis.

Western Blot Assay was employed to deter-
mine, if Msr enzymes leveel was upregulatedas a 
result of anoxic stress. Wildtype (WT31), Msr single 
mutants (A90; B54) , and Msr double mutants (AB46) 
at 5-10 days old were exposed to normoxic condi-
tions (normal atmospheric oxygen level) post-anoxic 
conditions (flies just removed from the anoxic tank) 
and post-recuperation conditions (5 hours post-an-
oxic stress experience). 20 flies per genotype were 
frozen at -80°C after the exposure to the described 
conditions (post-anoxic stress flies were frozen right 
away following their removal from the anoxia tank). 
Upon freezing, each group of 20 flies was homog-
enized (with 2.5mM Tris-HCl/150mM NaCl buf-
fer) and centrifuged. Afterwards, the supernatant 
was removed, from which the protein sample was 
analyzed. Following this procedure, Bradford assay 
was used to determine protein sample concentra-
tions, as compared to the standard. The Bradford 
protein assay is a spectroscopic analytical procedure 
used to measure the concentration of protein in a 
solution. It is dependent on the amino acid com-
position of the measured protein. Bradford assay is 
based on the observation that the absorbance max-
imum for an acidic solution of Coomassie Brilliant 
Blue G-250 shifts from 465 nm to 595 nm when 
binding to protein occurs. Both hydrophobic and 
ionic interactions stabilize the anionic form of the 
dye, causing a visible color change. Samples for the 
Western blotting each contained 20ug of protein. 
In preparation for the Western blotting, we made 
our own PAGE gels (15%), utilizing the standard 
lab protocol. We used 30ug of each of the protein 

sample and compared it to a ladder Novex SeeBlue. 
Gels were run for 1.5-2 hours on 140V. Utilizing 
semi-dry blotting method, samples were transferred 
at 15V for an hour. As one of the final steps, gels 
were blocked with 5% dry-milk solution and TTBS 
(Tris-buffered saline with 0.1% tween 20) and left 
overnight in the refrigerator. Gels then were washed 
and subjected to primary MsrB rabbit polyclonal 
antibody. GoatXRabbit secondary antibody detec-
tion system (Millipore) and Biorad was used to visu-
alize the MsrB protein. GeneSys software (without 
light or filter) detected the detection reagent men-
tioned earlier applied to our Western blots. ImageJ 
was used to analyze the images.

Determining the protein oxidation 
levels in Msr-deficient flies in 
comparison to the wildtype post-
anoxia.

Two genotypes were selected for this study – 
wildtype and Msr double mutant flies. Flies were 
first subjected to 1 Hour of anoxia (Anoxia Chamber 
– 100% Nitrogen gas), and then left untreated for 
another Hour post-anoxic. Samples were kept in 
-80 °C. Protein was extracted from approximately 
100 whole flies (per genotype / per treatment) in 
1.2 ml of 2.5mM Tris-HCl/150mM NaCl buffer. 
Samples were pestle homogenized and centrifuged 
at 16,000 x g for 20 minutes at 4°C to obtain 1 ml 
of the supernatant. The supernantant was divided 
into two 500 μl samples. Each of these samples 
were treated with equal volumes of 20% trichlo-
roacetic acid (TCA) vortexed, incubated on ice 
for 10 minutes, and centrifuged at 2,500 x g for 5 
minutes at 4oC. The supernatant was discarded and 
previously-described process was repeated again. 
Next the supernatant was discarded and one por-
tion of the sample was resuspended in 600 μl 10mM 
2,4-Dinitrophenylydrozine in 2M HCl, while the 
other portion was resuspended in 600 μl 2M HCl. 
The samples were sonicated (Misonix XL2000 
Series) for 5 seconds and kept in the dark at room 
temperature for 1 hour, vortexing every 15 minutes. 
After incubation, another TCA precipitation was 
performed. 600 μl of 20% TCA was added to the 
samples, and were incubated on ice for 10 minutes 
and then centrifuged at 2,500 x g for 10 minutes at 
4oC. The supernatant was discarded and the protein 
pellet was washed with 1 ml of 1:1 ethanol/ethyl ace-
tate. The sample was thensonicated and centrifuged 
at 1000 x g for 10 minutes at room temperature. 
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Fig 1. Recovery times of wildtype, MsrA LOF, 
MsrB LOF, and Msr A/B LOF flies ages 10-15, 
25-40, and 40-45 days old. (Error bars repre-
sent SEM; * indicates p-value ≤ 0.05 – analyzed 
with 1-way ANOVA; ** indicates p-value ≤ 0.01 
– analyzed with 1-way ANOVA; data calculated 
from three runs’ average (32 flies per run/per 
genotype).

Fig 2. Recovery times of wildtype, MsrA LOF, 
and MsrB LOF flies aged 50-55 and 55-60 days 
old. No significance in recovery times is observed 
between single mutant flies and wildtype flies 
approaching senescence. (Error bars represent 
SEM; * indicates p-value ≤ 0.05 – analyzed with 
1-way ANOVA). 
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This wash-sonication-centrifugation protocol was 
repeated three more times. The protein pellet was 
then resuspended in 650 μl of 6M Guanidine- HCl. 
Following this, the samples were vortexed and incu-
bated at 37oC for 5 minutes to allow the pellet to 
fully go into solution. The samples were centrifuged 
at 1000 x g for 15 minutes at room temperature 
and the majority of the supernatant was removed 
without touching the bottom or sides of the 
microcentrifuge tube. The absorbance of both the 
DNPH treated and HCl control samples was read 
at 370nm using multi-place reader. A BSA sample 
was run through this process as well to ensure that 
the procedure was working properly. A Bradford 
assay was used to normalize protein concentra-
tions. The Bradford assay was completed using Bio 
Rad’s Protein Assay Dye Reagent (Catalog #500-
0006) and the SpectraMax plate reader (Molecular 
Devices) with 39 bovine serum albumin (BSA) used 
to create a standard curve.

Statistical Analysis
All results were evaluated by the Prism 

Software, where comparisons were analyzed with 
t-test and 1-way ANOVA (p-value of ≤ 0.05 were 
deemed significant).

RESULTS
Anoxia assays were done with 10-15, 25-30, and 

40-45 day old single mutant, double mutant, and 
wildtype flies. There were no significant difference 
in the recovery times between Msr single mutant 
and wildtype flies. Whereas Msr double mutant flies 
(AB 46) take significantly longer to recover than 
wildtype (WT 31) or Msr single mutant LOF (B 54 
and A 90) for all three age groups.

There was a significant difference in observed 
recovery times between Wildtype and Msr A/B 
LOF, whereas MsrA LOF and MsrB LOF do not 
display a significant difference in recovery in com-
parison to the Wildtype for all age groups (Fig 2). 
Msr single mutant LOF flies (B 54 and A 90) did 
not show a difference in recovery times in compari-
son to the wildtype flies (WT 31) upon approaching 
senescence (Fig 2).

Double mutants could not be tested as all the 
flies died at around 50 days of age. Furthermore, 
Msr double mutant flies (AB 46) have significantly 
lower percent survival than wildtype flies (WT 31) 

immediately after exposure to anoxic stress condi-
tions (Fig 3).

Msr Double Mutant flies (AB 46) have sig-
nificantly higher levels of protein carbonyls 1 Hour 
post-anoxia in comparison to the wildtype, which 
is indicative of higher levels of protein oxidation in 
the organism (Fig 4).

DISCUSSION
Results of Anoxia Chamber Experiments con-

firmed the hypothesis that recovery from anoxia 
is affected by the presence of Msr genes – Double 
Mutant flies displayed significant increase in recov-
ery time in comparison to the Wildtype for all three 
age groups (10-15, 20-25, and 40-45 days old). Double 
Mutant flies also showed significantly lower per-
centages of survival immediately following anoxic 
stress in comparison to the Wildtype. This could 
be explained with the over-accumulation of ROS 
during the re-oxygenation period following anoxic 
stress, which causes rapid and poorly-controlled oxi-
dation of methionine (and other molecules) in cells. 
Effects of ROS oxidation become more pronounced 
as flies approach senescence – this suggests overall 
protective role of Msr in an animal’s ability to with-
stand anoxic stress and its potential contribution 
to aging processes. Single Mutant flies do not show 
any significance in either recovery times, nor in abil-
ity to survive anoxic stress. This may suggest that a 
third component is present in cells – epimerase of 
Msr which might help to promote the conversion of 
MsrA to MsrB (and vice versa).

To drive our inquiry forward, we decided 
to look further into the results of Single Mutant 
vs Wildtype recovery and understand why Single 
Mutant flies don’t show significant differences in 
recovery and survival from anoxia. As an experimen-
tal assay of choice, we ran Western Blot to ascer-
tain the hypothesis that MsrA will be overexpressed 
in the absence of MsrB, and MsrB will be overex-
pressed in the absence of MsrA. This overexpres-
sion pattern should be consistent with the observed 
behavior of MsrA LOF and MsrB LOF, which don’t 
differ in their overall tolerance of anoxia in compar-
ison to the Wildtype flies, suggesting the presence 
of the compensatory mechanism. Msr enzymes act 
in stereospecific manner, therefore the induction 
of either form of Msr in a Single Mutant fly alone 
would not suffice to explain the results of anoxia 
chamber experiments. This is why we propose the 
presence of an epimerase, which interconverts one 
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form of Msr into another. This hypothesis is yet to 
be tested further.

Additional experiments are currently being 
carried out in order to better understand the mech-
anism of Msr activity and the basis of the spreading 
depression. It is well-understood that mitochondria 
are both the source and target of the vast majority 
of ROS. Oxidative damage to the methionine resi-
dues in essential mitochondrial proteins could lead 
to mitochondrial dysfunction. If an organism lacks 
its Msr repair system, these problems should be 
exacerbated. Given our previous observation of the 
increased recovery times from spreading depression 
in Msr double mutants, and their lower survivability 
immediately post-anoxia, it becomes rationalized to 
analyze levels of protein oxidation in post-anoxic 
flies.

It is widely accepted that almost all kinds of 
amino acid residues in proteins can be oxidized by 
ROS (Stadtman 1252). Oxidation of some amino acid 
residues (methionine being one of the most-readily 
oxidized) cam lead to the formation of carbonyl 
derivatives and they are considered to be the most 
significant products of protein oxidation by free 

Fig 3. Percent survival of Wildtype and Msr 
A/B LOF flies. Both genotypes tend to survive 
anoxic stress relatively well in their young age. 
Although, as flies get older, they become more 
susceptible to oxidative damage, and fail to with-
stand anoxia. Failure to survive anoxia becomes 
more pronounced as flies approach senescence. 
(Error bars represent SEM; * indicates p-value  ≤ 
05 – analyzed with 1-way ANOVA). Wildtype flies 
do survive until 60 days but Double Mutants die 
at or before 50 days old.

Fig. 4 Protein carbonyls’ formation are affected 
by loss of Msr in post-anoxic Msr double mutant 
flies. Protein extracts from each genotype were 
treated with 2,4-Dinitrophenylhydrozine and 
analyzed via spectrophotometry. Double Mutant 
Flies (AB 46) have significantly higher levels of 
protein carbonyls 1 Hour post-anoxia in compari-
son to the Wildtype (WT 31). (Error bars represent 
SEM; * indicates p-value ≤ 0.05 – analyzed with 
1-way ANOVA)
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radicals (Amici 3343). Thus, presence of the carbonyl 
proteins in samples and tissues can be accepted as a 
marker for oxidative stress (Chevion 34).

The most recent analysis to determine pro-
tein oxidation levels in flies post-anoxia revealed 
that in the absence of Msr-encoding genes (MsrA/
MsrB LOF flies) the levels of protein carbonyls fol-
lowing the recovery from spreading depression is 
significantly higher in comparison to the wildtype 
flies. These results suggest a greater level of oxi-
dative damage experienced by mutant flies after 
anoxia (during reperfusion period), which is con-
sistent with the previously-postulated hypothesis 
rationalizing the overabundance of ROS in cells and 
their action upon methionine residues in proteins. 
Based on these results we may conclude that Msr 
is indeed involved in protection of flies post-anoxia 
from the consequences of reperfusion. Further stud-
ies are still needed to include both pre- and post-an-
oxic fly groups for comparison. These studies have 
an incredible potential to help in discovering novel 
therapeutic tools that may be efficient in protection 
against damaging effects of induced anoxic environ-
ments in humans, as in the case of strokes and myo-
cardial infarction.

WORKS CITED
Davies, M.J. “The oxidative environment and pro-

tein damage.” Biochimica et Biophysica Acta, vol. 
1703, no. 2, 2005, Jan, 0006-3002, pp. 93-109.

Drazic, A. and Winter, J. “The physiological role of 
reversible methionine oxidation.” Biochimica 
et Biophysica Acta, vol. 1844, no. 8, 2014, Aug, 
0006-3002, pp. 1367-82.

Kim, G., Weiss, S.J. and Levine, R.L. “Methionine 
oxidation and reduction in proteins.” 
Biochimica et Biophysica  Acta. vol. 1840, no. 
2, 2014, Feb, 0006-3002, pp. 901-5.

Labunskyy, V.M. and Gladyshev, V.N. “Role of reac-
tive oxygen species-mediated signaling in 
aging.” Antioxidants and Redox Signaling, vol. 19, 
no. 12, 2013, pp. 1362-72.

Radak, Z. Zhao, S. Goto and E. Koltai “Age-
associated neurodegeneration and oxida-
tive damage to lipids, proteins  a n d 
DNA.” Molecular Aspects of Medicine, vol. 32, no. 
4, 2011, pp. 305-15.

Zhang, C., et al. “Anoxia, acidosis, and intergenic 
interactions selectively regulate methionine 
sulfoxide reductase transcriptions in mouse 
embryonic stem cells.” Journal of Cellular 
Biochemistry, vol. 112, no. 1, 2011, pp.  98-106.

Jellinger, K.A. “Recent advances in our understand-
ing of neurodegeneration.” Journal of Neural 
Transmission, vol.116, no.9, 2009, pp. 1111-62.

Woorons, X. “Hypoventilation training, push your 
limits!” Arpeh, 2014.

Stadtman, E.R., et al. “Cyclic oxidation and reduc-
tion of protein methionine residues is an 
important antioxidant  m e c h a n i s m . ” 
Molecular and cellular biochemistry, 2002, pp. 
234-235.

Blokhina, O., Virolainen, E., and Fagerstedt K.V. 
“Antioxidants, oxidative damage and oxygen 
deprivation stress: a review.” Annals of Botany, 
vol. 91, no. 2, 2003, pp. 179-194.

Ruan, H., et al. “High-quality life extension by the 
enzyme peptide methionine sulfoxide reduc-
tase.” Proceedings of the National Academy of 
Sciences of the United States of America, vol. 99, 
no. 5, 2002, pp. 2748-2753.

Shchedrina, V.A., et al. “Overexpression of methi-
onine-R-sulfoxide reductases has no influence 
on fruit fly aging.” Mechanisms of Ageing and 
Development, vol. 130, no. 7, 2009, pp. 429-443.

Howard, D. “The Role of MsrA and MsrB in Anoxia 
Tolerance in Drosophila melanogaster Genetic 
Model.” Honors Thesis, 2012.

Suthakaran, N. “The Effects of MsrA and MsrB in 
Anoxia Tolerance in Aging Drosophila melan-
ogaster.” Honors Thesis, 2013.

Michaud, S. et al “Regulation of heat shock gene 
induction and expression during Drosophila 
development.  Molecular and Cellular Biology., 
vol. 53, no. 1, 1997, pp. 104-13.

Armstrong, A.B. et al. “Suppression of spreading 
depression-like events in locusts by Inhibition 
of the NO/cGMP/PKG pathway.” The Journal 
of Neuroscience, vol. 29, no. 25, 2009 June, pp. 
8225-8235.

Boveris, A. et al. “The mitochondrial generation of 
hydrogen peroxide.” Biochemistry Journal, vol. 
134, 1973 June,  pp. 707-16.



89 Spring 2017 Volume 6

Hermes-Lima, M. “Oxygen in biology and bio-
chemistry: role of free radicals.” Functional 
Metabolism: Regulation and Adaptation, 
Hoboken, 2004, pp. 319-68.

Levine, R.L., Moskovitz, J., and Stadtman, E.R. 
“Oxidation of methionine in proteins: roles in 
antioxidant defense and cellular regulation.” 
IUBMB Life, vol. 50, 2000, pp. 301-307.

Grimaud, R., Ezraty, B., Mitchell, J.K., Lafitte, D., 
Briand, C., Derrick, P.J., and Barras, F. “Repair 
of oxidized  proteins. Identification of a 
new methionine sulfoxide reductase.” Journal 
of Biological Chemistry, vol.  276, 2000; pp. 
48915-48920.

Kryukov, G.V., Kumar, R.A., Koc, A., Sun, Z., and 
Gladyshev, V.N. “Selenoprotein R is a zinc-con-
taining stereo- specific methionine sulfoxide 
reductase.” Proceedings of the National Academy 
of Sciences of the United States of America, vol. 99, 
2002, pp. 4245-4250.

Kumar, R.A., Koc, A., Cerny, R.L., and Gladyshev, 
V.N. “Reaction mechanism, evolutionary 
analysis, and role of zinc in Drosophila methi-
onine-R-sulfoxide reductase.” Journal of 
Biological Chemistry., vol. 277, 2002,  
pp. 37527-37535.

Jung, S., Hansel, A., Kasperczyk, H., Hoshi, T., and 
Heinemann, S.H. “Activity, tissue distribution 
and site-directed mutagenesis of a human pep-
tide methionine sulfoxide reductase of type 
B: hCBS1.” FEBS Letters., vol.  
527 2002, pp. 91-94.

Kim, Hwa-Young and Gladyshev, Vadim. 
“Methionine Sulfoxide Reduction in 
Mammals: Characterization of Methionine-R-
Sulfoxide Reductases.” Molecular Biology of the 
Cell, vol. 3, 2004 Mar; 15, pp. 1055–1064.

Stadtman, E.R. “Protein oxidation and aging.” Free 
Radical Research, vol. 40, 2006, pp. 1250-8.

Amici, A.R., Levine, R.L., Stadtman, E.R. 
“Conversion of amino acids residues in pro-
teins and amino acid homopolymers to car-
bonyl derivatives by metal-catalyzed reac-
tions.” The Journal of Biological Chemistry,  
vol. 264, 1989 June, pp. 3341-6.

Chevion, M.A. “Site-specific mechanism for free 
radical induced biological damage; essen-
tial role of redox-active metals.” Free Radical 
Biology and Medicine, vol. 5, 1988, pp. 27-37.

Krivoruchko, A.and Storey, B. K. “Mechanisms of 
natural anoxia tolerance and potential links 
to longevity.” Oxidative Medicine and Cellular 
Longevity, vol. 3, no. 3, 2010, pp. 186-198.



90 Spring 2017 Volume 6

T. S. Eliot’s early work is often characterized 
as primarily secular. Included under this umbrella 
of secular poetry are Prufrock and Other Observations 
and The Waste Land, both revolutionary in their own 
interrelated ways. After these publications, his later 
poetry, which was written after 1927 until his death 
in 1965, has come to be understood as latently reli-
gious. Specifically, the poetry in The Ariel Poems, 
The Four Quartets, and other poems he wrote in this 
time, has solicited critical consideration as explic-
itly Christian. In “T. S. Eliot’s Poetry of Religious 
Desolation,” Leitch explains:

Eliot begins, decidedly and deliber-
ately, to write Christian poetry immedi-
ately after his baptism and confirmation 
in mid 1927. As Eliot’s consciousness 
of the nature of existence changes 
around the time of his conversion, so 
his poetic expressions of experience 
alter (35).

Leitch’s elaboration on the dramatic shift in 
subject matter and Eliot’s poetic expression can 

be viewed as an explanation of his religious doubt. 
Leitch also argues that “In The Hollow Men, ‘Journey 
of the Magi,’ and Ash-Wednesday, Eliot dramatizes 
different phases of his religious consciousness,” 
and that this sojourn encapsulates a “…gradual shift 
from a self- to God-centered world…” (Leitch 38). 
The speakers of these poems handle religious doubt 
in drastically different ways and must discover the 
best images to convey their individual struggles, 
which the speaker of Ash-Wednesday specifically 
seeks in religious iconography.

Doubt and iconography are inextricably 
intertwined throughout Eliot’s religious poetry, 
particularly in Ash Wednesday. The Oxford English 
Dictionary defines “iconography” as “The descrip-
tion or illustration of any subject by means of draw-
ing or figures…” (oed.com). It follows that iconogra-
phy is based in symbolism, as icons cannot explicitly 
be what they represent. As a result, questions can 
arise concerning the suitability of chosen icons. It is 
possible to discover the meaning of icons as symbols 
by attempting to modify or reduce those meanings, 
which tests whether an icon retains its meaning. For 
example, religion is often iconographic, as it deals 
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exclusively with matters that cannot known scien-
tifically or sensually; therefore, it uses icons and 
other images and forms to invoke meaning. Eliot’s 
extensive use of religious iconography, particularly 
that of the “Lady” and imitations of prayer forms in 
Ash Wednesday, allows the speaker to deliberate and 
cope with increased religious doubt, as the religious 
symbols are emptied of their meaning through con-
stant twisting, by placing them in various contexts, 
which allows for shifts in their meanings.

Throughout Ash Wednesday, the sense of doubt 
is increased as the repetition of religious images 
overwhelms the meanings the images carry, such as 
that of the veiled Lady. The veiled Lady appears first 
in part II, which begins with a direct address to her: 
“Lady, three white leopards sat under a juniper tree” 
(Eliot 87). The speaker describes her later in the sec-
tion, when he writes, “The Lady is withdrawn/ In 
a white gown, to contemplation, in a white gown./ 
Let the whiteness of bones atone to forgetfulness” 
(Eliot 87). The color white often represents purity, 
innocence, and joy in religious celebrations, but the 
speaker requests that the whiteness of the bones 
will “atone to forgetfulness,” a phrase that suggests 
forgiveness and forgetfulness, without giving either. 
Without forgiveness or forgetfulness, only remem-
brance and guilt are left, which opposes the conven-
tional religious associations with white, inferring 
an increase of doubt and despair. The image of the 
Lady’s white dress appears before the new symbol is 
recast, but it is retrospectively tainted. 

Eliot continues to interrogate the religious 
associations of color and meaning, and the Lady 
herself becomes a cause of doubt as the poem pro-
ceeds. She appears next in Part IV, in the first lines:

Who walked between the violet and 
the violet

Who walked between

The various ranks of varied green

Going in white and blue, in Mary’s 
colour, (Eliot 90)

The phrase “in Mary’s colour” is repeated in 
line 10, “In blue of larkspur, blue of Mary’s colour,” 
which forms associations between the Virgin Mary, 
larkspur, and the Lady in Part II. Associations 
between the Virgin Mary and the Lady strengthen 
in line 15, “White light folded, sheathed about her, 
folded,” as the Blessed Virgin is often pictured 

surrounded by rays of light, which usually signify her 
divinity, and a folded white cloak. The Lady, who has 
strong associations to the Virgin Mary, is mentioned 
again in Part III, and her intentions are questioned:

Will the veiled sister pray for

Those in darkness, who chose thee and 
oppose thee,

Those who are torn on the horn 
between season and season, time and 
time, between

Hour and hour, word and word, power 
and power, those who wait

In darkness? (Eliot 92)

While the Lady is not accused of having bad 
intentions, her intention to serve as an intercessor 
is questioned. This role is primarily assigned to the 
Virgin Mary, and interrogating the Lady could be a 
form of questioning the Virgin’s intentions to ful-
fill the duties assigned to that role, and expressing 
doubts about prayers being heard. If the most pow-
erful intercessor does not hear prayers, then there 
would be little reason to pray, and prayer, in these 
poems, is the basis of the relationship between man 
and God. With this fundamental aspect of religion 
thrown into doubt, the speaker must find a positive 
answer if he is to continue to believe. 

Although very serious doubts have been dis-
covered through the interrogation of the Lady, she 
appears once more, in Part VI, when the speaker 
requests,

Blessèd sister, holy mother, spirit of the 
fountain, spirit of the garden,

Suffer us not to mock ourselves with 
falsehood

Teach us to care and not to care

Teach us to sit still. (Eliot 95)

Although her intentions are questioned in the 
previous section, without resolution, she now serves 
as a symbol to cling to in desperation. Her original 
purpose is no longer relevant, but there is a residual 
comfort in knowing that she is a familiar figure. The 
Lady’s identity is never explicitly given, despite the 
many associations made with the Virgin Mary, and 
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Jewel Spears Brooker, in “Our First World: Eliot and 
the Edenic Imagination,” suggests that:

…throughout Ash-Wednesday, a lost 
love, a lady on the shore, calls him 
back to America. As Gordon (233-54) 
and Schuchard (148-61) have persua-
sively argued, the lady is both Emily 
Hale, the girl he left behind in 1914, 
with whom his friendship was renewed 
in 1927, and the Virgin Mary. (Brooker 
158)

The associations between the Lady and the 
Virgin Mary are evident; however, in Part II, line 10, 
Eliot says, “She honours the Virgin in meditation,” 
which eradicates the possibility of the Lady being 
the Virgin Mary, as it seems that the Virgin would 
have no need to honor herself.

Whether this memory is that of Emily Hale, 
the Virgin Mary, or of someone unknown, is irrele-
vant. As her identity is unknown, she can be anyone 
and no one, and serves as an icon of a pure woman, 
associated with the Virgin Mary, which makes her 
a suitable recipient of the speaker’s questions. She 
answers none, and the speaker is left with more reli-
gious doubt, although he still clings to her as a ret-
rospectively comforting image.

Throughout Ash Wednesday, forms of prayer are 
experimented with, to discover if they are inher-
ently meaningful. At the end of Part I, the final line 
of the “Hail Mary” is written and then repeated with 
modification: “Pray for us sinners now and at the 
hour of our death/ Pray for us now and at the hour of 
our death” (Eliot 86). Removing the word “sinners” 
is significant, as it can represent a repression of sin 
or a total acceptance, either of which would render 
the word meaningless in the phrase. Admissions of 
fault form the basis of religion, as a perfect person 
would have no need to be saved, so refusing to admit 
one is a sinner for any reason is a breach of tradi-
tional practice and casts doubt on the reasons peo-
ple turn to religion.

The second section of Part II is constructed 
as a litany, with short phrases and repeated images; 
however, instead of singing the praises of and 
requesting supplications of a certain person or 
persons, it attempts to join opposing ideas. For 

example, the Litany of the Blessed Virgin includes 
the following lines:

Virgin most prudent,

pray for us.

Virgin most venerable,

pray for us.

Virgin most renowned,

pray for us.

Whereas lines 26-32 in Part II proceed as 
follows:

Lady of silences

Calm and distressed

Torn and most whole

Rose of memory

Rose of forgetfulness

Exhausted and life-giving (Eliot 87-88).

Attempts to bring opposing ideas together in 
a dialectical litany may be seen an experiment to 
make prayer more poetic. However, the litany form 
is quickly abandoned and never attempted again, 
nor is any other prayer form. It is not unreason-
able to think that, after this endeavor, the speaker 
decides the litany will not be successful in becoming 
a meaningful dialectical form, such as the ode, and 
might be cause for an increase in religious doubt, 
as the form itself holds little weight in his poem. 
Jacobson, in “T. S. Eliot: Modernism and Religion in 
The Waste Land, Ash Wednesday and The Hollow Men,” 
intimates that these experiments “are incomplete as 
prayer – vital words are missing and so the commu-
nication with the divine will fail” (13). The speaker 
ultimately discovers that poetry and prayer forms, 
particularly the litany, cannot coexist meaningfully.

Beginning in Part III, there is a repetition of 
phrases from the Bible, such as, “Lord, I am not 
worthy” (Eliot 89), “And after this our exile” (Eliot 
91), and “O my people” (Eliot 92-93), which become 
trivial mantras in Eliot’s poetry, as they are scat-
tered throughout, surrounded by more resonant 
images, such as the Lady. The more resonant images 
may serve as an experiment in improving religious 
iconography by finding a more enduring symbol 



93 Spring 2017 Volume 6

to replace traditional religious icons. For example, 
“O my people” is repeated three times throughout 
Part V (Eliot 92-93); however, in lines 10 and 30, it 
is followed by the phrase, “what have I done unto 
thee.” This is a departure from the Biblical use of 
the phrase, “O my people,” which is repeated sev-
eral times in Ezekiel 37. In that chapter, God brings 
the prophet to “…the valley which was full of bones” 
(Ezekiel 37:1) and commands him to “Prophesy 
upon these bones” (Ezekiel 37:4), and God trans-
forms the bones into full bodies. God later tells 
him to “Prophesy unto the wind” (Ezekiel 37:9), 
and brings the bodies to life, in order to increase 
Ezekiel’s faith in Him and His power. These images 
are also echoed in Ash Wednesday, in Part II, lines 
4-6, when Eliot says, “And God said/ Shall these 
bones live? Shall these/ Bones live?” (87), which is 
far removed from the phrase “O my people.” By 
removing the phrase from the comforting images 
that echo a Resurrection story, the positive conno-
tation of the phrase in cast in doubt. This doubt is 
increased as this phrase is surrounded by a silent 
Word that is “unspoken, unheard” (Eliot 92). The 
Word is often synonymous with God, so an unheard 
Word is unnerving. As the speaker is unable to pray 
himself, he seeks the intercession of the Lady, but 
receives no assurance that she will act on his behalf. 
The speaker is uncertain if being part of the group 
referred to as God’s people is a comfort, so he turns 
to the Word, which is silent, and the Lady also does 
not answer. These lead to discomfort and religious 
doubt, as the most salient religious icons are manip-
ulated into obscurity. Certain prayers are rendered 
useless in the experimentation, and the use of 
prayer form to join together ideas of worth is unsat-
isfactory, so religious doubt grows. Drew explains 
how this is possible when she argues:

The individual vision of his personal 
redeeming symbols comes and goes, 
but prayer is a technique of concen-
tration to which he reverts throughout. 
The poem returns again and again to 
it; to the submission of the penitent, to 
the ordering power of a discipline, to 
the placing of the individual within the 
traditional corporate experience of the 
race (100). 

The “personal redeeming symbols” of the 
speaker, such as the Lady, juniper tree, and desert, 

are prevalent throughout Ash Wednesday, and they 
become rivals for traditional religious symbols 
and prayer. Although prayer is used as an ordering 
mechanism in Ash Wednesday, its form is signifi-
cantly degraded by the replacement of the usual 
subject matter with juxtaposed ideas, which leads 
to increased religious doubt within the confessing 
speaker, reader, and, ultimately, the poem.

The religious iconography in Ash Wednesday 
loses meaning through its repetition and by being 
eclipsed by more striking symbols, and the prayer 
form is found unsatisfactory to explore and express 
relevant ideas. Through its exploration of the mean-
ing of iconography, the poem ultimately suggests 
that the symbols themselves are inherently mean-
ingless, which is sufficient cause for increased reli-
gious doubt. The doubt is not unbearable, however, 
as the icons still retain a residual comfort after they 
were manipulated. In addition, the speaker searches 
for possible improvements in the iconography, 
which allows him to grow in faith, rather than ulti-
mately denying it.
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INTRODUCTION
Who takes, and takes, until there is nothing 

left to give? Who allows selfishness to define all of 
their relationships? Who can completely overlook 
the cost of greed? It can be argued that Wall Street 
banks exhibited these exact behaviors in the lead up 
to the 2008 financial collapse. Bank lenders crafted 
manipulative mortgages to people incapable of pay-
ing them off, inflated their profitability to rating 
agencies, and then resold those faulty mortgages to 
lenders in order to relieve themselves of the burden. 
This corporate greed led to the unemployment of 30 
million workers and the worst global financial crisis 
since the Great Depression. Ironically, the theme 
of personal gain at the expense of others is a cau-
tionary lesson commonly taught to children in bed-
time stories, which is reinforced throughout one’s 
lifetime. On a surface level, the book might be just 
about a boy and a tree, but I argue that this rela-
tionship reveals the negative implications of peo-
ple driven by materialism and greed. Allegorizing 
The Giving Tree to the great recession is valuable, 
as it teaches its audience the negative ramifications 
of greed, and instilling this value can be an effec-
tive preventable measure. Our society still hasn’t 
learned these important lessons, and that is why we 

continue to see self-destructive greed. Using rhe-
torical criticism, a research method that interprets 
meaning, I will show how The Giving Tree is a useful 
allegory for understanding the 2008 financial col-
lapse. This essay will describe the parallels between 
The Giving Tree and the 2008 financial collapse and 
explain what Wall Street can learn from this simple 
children’s tale. 

Shel Silverstein describes his famous children’s 
book, The Giving Tree, in very simple terms: it is 
about “a relationship between two people; one gives 
and the other takes” (Crum, 2015). Belying that sim-
ple explanation, however, this narrative has inspired 
multiple and varied interpretations on what “giving” 
and “taking” means in a relationship. The story is 
about a boy who constantly uses a tree’s resources 
for his own personal gain. The boy takes everything 
until the tree is nothing more than a mere stump, 
yet the boy remains unhappy. I argue that The 
Giving Tree is a story about greed -- the kind of greed 
that leads to the downfall of both the giver and the 
taker. For the sake of clarity, this essay will continue 
to refer to this behavior throughout as “greed”. The 
Giving Tree portrays how this destructive greed can 
lead to unhappiness. As such, this story can serve as 
a useful allegory for understanding the 2008 finan-
cial collapse. This insatiable imbalance of power 
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Shel Silverstein touches upon has permeated his-
tory and caused many harmful events. This paper 
will proceed by describing the parallels between The 
Giving Tree and the 2008 financial collapse in order 
to serve as a warning to avoid future relationships of 
unhealthy giving and taking.

CONTEXT OF THE GIVING 
TREE

Shel Silverstein’s The Giving Tree has been a 
popular children’s book for decades. Five million 
copies have been sold, and even after fifty years 
the book remains widely recognized and celebrated 
(Cole, 1973). The Giving Tree has ranked 24th in the 
National Education Association’s “Kid’s Top 100 
Books” list in 1999, 14th on “All- Time Bestselling 
Children’s Books” from Publishers Weekly in 2001 
(Roback, 2001), 9th on Scholastic Parent and Child 
Magazine’s “100 Greatest Books for Kids” in 2012, 
and 3rd on Goodreads’ list of “Best Children’s 
Books” in 2013. The Giving Tree’s popularity was bol-
stered through word of mouth between parents, 
teachers, and even in churches where “it was hailed 
as a parable on the joys of giving” (Cole, 1973). Since 
its meteoric rise, The Giving Tree has become a sta-
ple in children’s literature and continues to touch 
and challenge past readers while simultaneously 
reaching a whole new audience.

The Giving Tree may be a response to America’s 
enthusiastic embrace of materialism. This sudden 
rush of consumerism began after World War II’s 
wartime production, which helped pull America out 
of the Great Depression. Unfortunately, this same 
rush of consumerism spiraled out of control and led 
to spending for the sake of spending (Romer, 2011). 
Materialism and the greed that fuels it are com-
mon motifs of the book. However, the greed Shel 
Silverstein forewarned us about has unfortunately 
become more prevalent and insidious than even in 
post-World War II consumerist America.

EXPLANATION OF THE 
FINANCIAL CRISIS

Sadly, the message of The Giving Tree is still 
extraordinarily relevant to American culture. Wall 
Street’s greed directly led to the 2008 financial col-
lapse. The “economic upheaval” and “social dislo-
cations” in 2008 were a product of corruption and 
greed (Poley 1). In the midst of materialism, the 

2008 financial collapse is a testament to the argu-
ment that greed is still ever-present in society. The 
origin of this economic crisis trace back to 2007 
when mortgage dealers began issuing subprime 
mortgages. Subprime mortgages were unethical in 
nature, targeting families that did not qualify for 
standard home loans. Often, first-time buyers were 
lured in by the prospect that it was possible to buy a 
home regardless of their income and ability to make 
a down payment (Havemann, 2016). These mort-
gages initially carried low interest rates and then 
ballooned significantly in years to come (Havemann, 
2016). Additionally, there were often repayment 
penalties that eliminated the opportunity to refi-
nance for many low-income buyers. These details 
can be easy to miss for new buyers, which is pre-
cisely why they were the ones who were targeted. 
Mortgage lenders then began to resell those loans to 
other banks, who bundled up thousands of individ-
ual mortgages, and sold shares of that pool to inves-
tors that were intentionally misidentified as “low-
risk investments” (Havemann, 2016). Eventually 
house prices rose and credit rating agencies were 
claiming these as AAA rated safe investments, the 
highest attainable credit rating. At the time, mort-
gage debt was a lucrative and safe investment that 
created a demand for more. Buyers struggled to 
afford their rapidly increasing mortgages, defaulted 
those mortgages, and were left with no other choice 
but to foreclose their homes. This left an increas-
ing amount of houses for sale with no demand, and 
therefore home prices began to collapse, major 
lenders claimed bankruptcy, and the stock market 
crashed. 

METHODOLOGY
This essay analyzes The Giving Tree using rhe-

torical criticism. Rhetorical criticism is a qualitative 
research method that interprets meaning within a 
given object of study, also known as an artifact (Foss 
6). This process often begins with an understand-
ing of symbols and how they operate. This rhetor-
ical criticism will continue its analysis by treating 
The Giving Tree as an allegory. According to the 
Merriam Webster dictionary, an allegory is “a story 
in which the characters and events are symbols that 
stand for ideas about human life or for a political 
or historical situation” (Miriam Webster Dictionary 
def.1.). Using this method of rhetorical criticism, I 
can break down The Giving Tree’s language and ideol-
ogy into symbols that relate to the great recession. 
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Although often overlooked, the ambiguity in sim-
ple children’s stories can offer profound wisdom. It 
has been fifty years, and readers are still analyzing 
this text and arguing about its meaning. According 
to Foss, “The ideology of a text is often masked 
by simplistic language and assumptions” (Foss 7). 
In other words, it is ironic that the story’s simple 
and easily understood nature is the very thing that 
might keep its readers from easily understanding 
it: at least, not at a deeper level. According to rhe-
torical critic James Jasinski, this ambiguity can be 
a double-edged sword. Jasinski considers ambigu-
ity a “pharmakon”, which is a Greek term meaning, 
“both poison and cure” (Jasinski 8). He states that it 
is a “potential linguistic poison that prevents under-
standing of human cooperation. In certain circum-
stances, this ambiguity can function as a linguistic 
cure, enhancing the possibility of understanding 
and cooperation” (Jasinski 7). In rhetorical criticism, 
everything within an artifact is ideological, and 
therefore rhetorically situated. This method will 
allow me to put forth a more comprehensive under-
standing of the meaning within The Giving Tree, and 
why that new understanding can be beneficial and 
worth exploring. 

JUSTIFICATION
Allegorizing The Giving Tree to the 2008 finan-

cial collapse can reinvigorate how we discuss the 
harms of greed. According to rhetorical critic Sonja 
K. Foss, if one wants to change the world, one 
must change the rhetoric that creates it (Foss 6). 
In other words, how one views and talks about an 
issue shapes reality. With this understanding of how 
rhetoric molds societal values and civic identity, I 
believe my interpretation to be useful as it seeks 
to promote the positive values that the story can 
instill. As mentioned earlier, Textual ambiguity gives 
texts such as The Giving Tree deeper levels of mean-
ing and makes them adept and pliable to further 
analysis. This nuance enables the text to become a 
cultural story that can be studied, compared to real-
life instances, and allegorized to the financial col-
lapse. Even so, there comes a time when adults feel 
as if they have outgrown the lessons that are taught 
in children’s books and therefore dismiss them. This 
reduces the text’s value from educational to mere 
children’s entertainment. It becomes nothing more 
than a story. Children’s books are so much more 
than mere stories; they can teach us values, man-
ners, social norms, the importance of believing in 

ourselves, and how to be tolerant and accepting of 
others. The list continues. If the members of soci-
ety would stop dismissing the lessons in children’s 
books, then the important cultural lessons that are 
embedded into these texts would not be forgotten 
or misinterpreted. This confusion trickles down to 
future generations shaping what they value and how 
they act. Understanding The Giving Tree may not 
have prevented the financial collapse directly, but a 
culture that takes the harm of greed seriously can be 
a healthier one. 

SUMMARY OF THE BOOK
The Giving Tree explores the negative impli-

cations of a society where its people only look out 
and care for themselves. The story starts with a lit-
tle boy and a tree. The tree always provides the boy 
with what he wants: branches to swing on, apples to 
eat, and shade to sit under. As the boy grows older, 
he visits the tree less frequently and begins asking 
more and more from the tree in each encounter. 
The tree loves the boy very much and continues to 
give more and more in order to help the boy fulfill 
his needs and make him happy. As time passes, the 
tree eventually reaches its grandest of self-sacrificial 
acts: allowing the boy to cut off its limbs, so that he 
can build a boat for himself and sail away. The boy 
leaves nonchalantly and the tree finds itself quite 
sad. Many years later, the boy returns as an old man. 
The tree interrupts him and apologizes for not hav-
ing anything left to give him. “I do not need much 
now, just a quiet place to sit and rest” replies the boy 
(Silverstein, 1964). This is the first time in the book 
since childhood that the boy’s motives were not 
materialistically driven. The tree then offers him his 
stump to sit on, and finally both the boy and tree are 
happy (Silverstein, 1964).

ANALYSIS- CONNECTING 
THE GIVING TREE TO THE 
FINANCIAL COLLAPSE

The main theme of the book is materialism at 
the cost of others. As the boy ages, the boy becomes 
less focused on his friendship and more focused on 
what he can gain through it. In the beginning of the 
story, the boy is perfectly happy running around the 
tree and playing. This changes as the boy begins 
to age. “I am too big to climb and play. I want to 
buy things and have fun. I want some money” 
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(Silverstein, 1964). This quote represents growing 
out of innocence and becoming swept up in mate-
rialism. This quote also reveals a sense of greed, 
because as the boy grew older he stopped visiting 
the tree. This was the boy’s first time seeing the tree 
in some time, and the first thing the boy does is ask 
for money. Additionally, rather than asking the tree 
for ideas on how to attain money, he picks off all 
of the apples and branches without saying thank 
you or giving anything in return, a common motif 
in the book. As the boy ages into adulthood, he 
“stayed away for a long time...and the tree was sad” 
(Silverstein, 1964). Once again, the boy dismissed 
the tree and its desire to play and focused only on 
his own desires. The boy immediately asks the tree 
for a house, and when the boy becomes fed up with 
the unhappy life he created for himself, he asks the 
tree if he can chop it down so he can use it as a boat 
and sail away. In this moment, the tree is reduced 
to nothing more than a stump and does not grow 
back to its original state. The tree sacrifices itself 
for the boy until nothing is left. It is not until the 
boy is older and wiser from his experiences that he 
learns to approach the tree differently. Rather than 
asking the tree for its resources, all the boy wanted 
to do was sit next to it. In this moment, the tree 
was finally happy again. For the first time since his 
childhood, the boy’s request was not stemming from 
materialism. Finally, the boy’s needs and the tree’s 
need for company were both satisfied. This is an 
important lesson as it illustrates the negative con-
sequences and the pain inflicted and experienced by 
the boy. The more consumed the boy was by greed, 
the more he cut ties with loved ones around him, 
the more isolated he felt, and the more miserable 
he became. 

The Giving Tree provides important moral 
lessons about Wall Street’s selfish behavior in the 
lead up to the 2008 financial collapse. The boy 
in the text mirrors the bank lenders in the Great 
Recession, and the tree represents the people in 
many ways. First, similar to how the boy in the text 
kept taking resources that did not belong to him, 
the bank lenders continued to exploit the people. 
The removal of the apples and branches symbolizes 
the tree’s resources and early symptoms of atrophy. 
In the 2008 financial collapse these resources can 
be seen as money, jobs, and the subprime mort-
gages that were being sold. Neither the boy nor the 
bank lenders considered the consequences of these 
early warning signs. Second, the tree’s stump rep-
resents the collateral damage of selfishness that led 

to massive increase in unemployment rates, foreclo-
sures, evictions, and the suicides that accompanied 
them. This metaphor in the text can be compared to 
how the bank lenders in the 2008 financial collapse 
continued to take until the people had nothing left 
to give. Third, the boat the boy constructed from the 
tree’s mangled wooden slabs to sail away represents 
avoidance. This connects to the Great Recession 
in the sense of avoidance of the issue, under-regu-
lation in the Federal Reserve of the United States, 
and lack of admitted responsibility from bank lend-
ers such as Bank of America, Goldman Sachs, and 
even the overseer of The Federal Reserve, Chairman 
Alan Greenspan. In the text, the boy sails away to 
temporarily escape his family and the life he cre-
ated for himself based on his selfishness. Instead of 
admitting wrong-doing and dealing with the conse-
quences, he sails away. This symbol of escape trans-
lates into the great recession in the sense that there 
were no legal ramifications for Wall Street’s illegal 
actions. 

DIFFERENT PERSPECTIVES
The Giving Tree portrays unhappiness as a 

result of a greedy society, and can be viewed as an 
allegory to the 2008 financial collapse. Some readers 
and critics, however, might see an even more nefar-
ious message. For example, Anna Holmes argues 
that The Giving Tree is an allegory about destructive 
gender roles, as the tree exhibits maternal, or fem-
inine features. Holmes further argues that the text 
represents an exploitative relationship, in which 
everything revolves around pleasing the male, even 
if it means the female must sacrifice herself to do 
so (Holmes, 2014). She argues that the tree is left 
with little to no semblance of self and should not be 
happy at the end of the text (Holmes, 2014). Rivka 
Galchan writes, “The Giving Tree is in part a disturb-
ing tale of unconditional love, in part a tender tale 
of the monsters that we are” (Galchen, 2014). There 
are many speculations as to whether the book is 
about environmentalism, large-scale capitalism, or 
sexist and abusive relationships (Holmes, 2014). 
While some readers may see sexist undertones and 
other interpretations of the text, these messages 
are not incompatible with my argument; that The 
Giving Tree addresses harmful, exploitative relation-
ships between people. However, critics argue that 
reading a book that relates to these social issues at 
a young age guarantees their perpetuation. For this 
reason, the text was banned from a public library 
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in Colorado in 1998, over accusations of being “sex-
ist,” as well as criminalizing the foresting agency 
(Flocken, 1989). Meanwhile, the brouhaha contin-
ues as schools and parents alike continue to chal-
lenge the text and its messages in order to further 
their goal of having it banned. Rivka, and other 
critics alike, interprets the text as modeling these 
negative behaviors rather than teaching children to 
be wary of them. The repercussions of this way of 
thinking, however, neglect to take into account the 
positive lessons this book can teach, and how to rec-
ognize and correct these negative behaviors that can 
be reflected in society. 

CONCLUSION
This essay described how the depictions of 

unhappiness in the children’s book The Giving Tree 
are a result of materialistic and greedy values, why 
that message is valuable, and how the text effec-
tively presents this. The boy chopping down his 
friend to satisfy his selfish needs mirrors much of 
what is done in corporate America, stepping on 
somebody else to get what they want. At the end of 
the book, the boy is forgiven by the tree and their 
relationship becomes healthy again. Just like the 
boy and the tree, the people and Wall Street have 
an unhealthy relationship. The main difference is 
that the boy learns his lesson. Wall Street on the 
other hand has not. Society should not be deluded 
in trusting Wall Street and moving forward until 
Wall Street learns its lesson by implementing more 
ethical business practices and regulations. Although 
my argument is one in a sea of interpretations, I 
insist that it is a useful understanding that one can 
get from this text. The way in which cultural stories 
are interpreted shape societal values and the actions 
that follow. The 2008 financial crisis is not an iso-
lated incident, but rather a problematic outcome of 
greed. It is imperative that the cost of greed and its 
supporting, perpetuating narrative be realized and 
challenged in order to avoid its recurrence. We must 
change the way that we discuss greed to prevent its 
return in the future, for all of our sakes.
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