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FROM THE CO-EDITORS-IN-CHIEF:  
 

We are pleased to publish the fourth edition of the Florida Atlantic Undergraduate Research Journal 

(FAURJ). Florida Atlantic University is a distinguished institution that continues to encourage and 

support students involved in research across all academic fields and disciplines. Through the opportu-

nities that research provides, undergraduate students are able to apply their creative minds and pursue 

innovative ideas under the guidance of dedicated faculty mentors. We are proud to present a handful 

of inspiring projects in this edition of FAURJ and we thank the students who submitted their work. 

We commend your involvement in research and wish you the best in your endeavors.  

 

The FAURJ is an interdisciplinary, peer-reviewed journal that is published annually. FAURJ is pub-

lished online as well as in print and its mission is to showcase high quality undergraduate research in 

all fields, supply undergraduates with an idea of the standard of research, and promote inquiry-based 

activities at Florida Atlantic University.  

 

The FAURJ is brought to you by the Council for Scholarship and Inquiry (C.S.I.), a registered student 

organization at Florida Atlantic University. This registered organization of FAU promotes undergrad-

uate involvement and leadership in inquiry and scholarship. The purpose of the organization is to 

promote and foster a culture of research at Florida Atlantic University and to provide students with 

opportunities to become immersed in research culture. Focused at the undergraduate level, but includ-

ing graduate students, opportunities sponsored by C.S.I. include FAURJ, student workshops, promot-

ing faculty-student interaction, peer mentoring and advising. C.S.I. helps students connect to the 

wealth of research opportunities available here at FAU. 

 

We hope you enjoy this year’s edition of the FAURJ! 

 

Sincerely, 
 
Michelle Shanefield & Rebecca Mello 

 
  



 

 

FAURJ 

Volume 4, Issue 1 Spring 2015 iii 

ARTIST STATEMENT 

 

Camilla Silva Castro 

Undergraduate Major: Biology 

 

There is an enduring relationship between the studies of science and art. Both are a means of 

precise investigation, that which involves inquiry, observation, interpretation, and technique. Whether 

in the scientist’s laboratory or in the artist’s studio, there exists a process of trial and error, doubt and 

discovery which allows for questions to be answered regarding the outside world. 

 

In Leonardo Da Vinci’s time, when the relationship between art and science was poorly un-

derstood, much of Da Vinci’s findings went unnoticed until many years postmortem. Despite his lack 

of a formal education, Da Vinci’s interests in the sciences and inventive imagination foraged novel 

mechanical designs and mathematical models.  Like the ideal Renaissance Man, his interdisciplinary 

studies spanned across various fields, such as art, architecture, music, science, mathematics, anatomy, 

geology, and botany. One of Da Vinci’s famous drawings, “Vitruvian Man,” reflects the prototypical 

intersection between art and science—a visual representation of his profound understanding of pro-

portion and Da Vinci’s attempts to relate nature to man.  

 

Da Vinci has served as a great inspiration to me as both a scientist and an artist. The cover de-

sign alludes to the connectivity of various areas of research and inquiry and the relatedness of each of 

them to one another. Having no prior familiarity or formal training with graphic design software, I 

initially struggled with the application of my conceptual sketches to a technology-based canvas. 

However, my longstanding interest in the arts, my passion for the sciences, and keen determination to 

apply the two in a variety of facets has served as a perpetuating source of personal development. As a 

current undergraduate researcher, I have labored with my science in a similar fashion with which I 

labor with my art. There is a period of questioning, followed by thorough experimentation, and even-

tually, innovation. Through these efforts, I am challenged in unprecedented ways, I grow through 

both my failures and my successes, and conclusively, contribute to a cause that is bigger than myself.  

 

                                          Study the science of art; Study the art of science. 

                                        Realize that everything connects to everything else. 

                                                           As Da Vinci once stated, 

“To develop a complete mind: Learn how to see.” 
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Curiosity, Low Self-Control and Deviance: An Exploratory Study 
 

Melanie A. Mayone and Bruce J. Arneklev 
 

Department of Criminology and Criminal Justice, Florida Atlantic University, Boca Raton, Florida 33431 
 

Abstract. Many theories in the criminological literature try to explain the causes of crimi-
nal behavior. Perhaps the most widely tested, discussed, and debated theory in the crimi-
nal justice field is Michael Gottfredson and Travis Hirschi’s (1990) A General Theory of 
Crime.  The authors argue that “low self-control” represents the primary cause for in-
volvement in crime. The present research tests “Low Self-Control Theory” against an 
original theory proposing Curiosity as an additional cause for criminal involvement. The 
data used in the analysis was obtained by surveying a convenience sample of college stu-
dents (age 18 and older) in various classrooms at a southeastern university. The survey 
contained measures for Low Self-Control (developed by Grasmick et al., 1993), Curiosi-
ty, Exploratory Deviance, and controls for the variables Gender and Age. A review of the 
analyses reveals that Curiosity does significantly predict the involvement in more minor 
forms of Exploratory Deviance, controlling for Low Self-Control, Gender and Age. 
These results indicate that the research hypothesis, Individuals who are more curious are 
significantly more likely to engage in exploratory deviance than individuals who are less 
curious (controlling for the effects of low self-control), received partial support. 
 

 

 

Introduction 
 

Gottfredson and Hirschi’s (1990) A Gen-

eral Theory of Crime is one of the most influen-

tial criminological theories to date (Pratt & Cul-

len, 2000; also see Goode, 2008; De Ridder, 

Lensvelt-Mulders, Finkenaur, Stock, & Baumeis-

ter, 2012). The authors argue that the major pre-

dictor of involvement in crime is “low self-

control.” Individuals with low self-control are 

more likely to be involved in criminal and analo-

gous behaviors (e.g. smoking and drinking) be-

cause they focus on the immediate benefits of 

their actions and do not typically consider the dis-

tal consequences of such behaviors. Three years 

after the publication of self-control theory, Gras-

mick, Tittle, Bursik and Arneklev (1993) provid-

ed one of the first major attempts to test this theo-

ry. In the study, Grasmick et al. (1993) created a 

low self-control scale to operationally define an 

individual’s level of self-control. The measure 

has allowed for many tests of the theory over 

time (De Ridder et al., 2012).  

 

 

Recent criminological literature suggests 

that other factors beyond low self-control also 

predict involvement in criminal and analogous 

behaviors (Pratt & Cullen, 2000). One concept 

not examined to date, which may be another addi-

tional predictor, is the concept of “curiosity.” The 

current study specifically attempts to answer one 

major research question: Are individuals who are 

more curious more likely to engage in explorato-

ry deviance compared to individuals who are less 

curious, net of the effects of low self-control, 

gender, and age? In the following sections, a lit-

erature review will first provide the theoretical 

background surrounding low self-control theory. 

Second, a theory of curiosity and exploratory de-

viance will be explained. Third, the methods and 

analytical procedures of the study will be dis-

cussed in detail. The paper concludes with a dis-

cussion of the findings, with a specific focus on 

the implications that they might have for the theo-

ry of low self-control. 
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Brief Literature Review   
A General Theory of Crime 
 

There are many theoretical explanations 
accounting for why individuals engage in criminal 
and analogous behavior; e.g. Strain theory (Mer-
ton, 1938), Labeling theory (Tannenbaum, 1938), 
the theory of Differential Association (Suther-
land, 1939), and Control theory  
(Hirschi, 1969). One of the most widely cited and 
controversial theoretical works in the criminolog-
ical field today is A General Theory of Crime 
(1990) by Michael Gottfredson and Travis 
Hirschi (Pratt & Cullen, 2000; also see Goode, 
2008; De Ridder et al., 2012). In their theory, 
Gottfredson and Hirschi (1990) argue that an in-
dividual’s involvement in criminal and analogous 
behavior depends on one significant factor:  low 
self-control. According to the theory, “people 
who lack self-control will tend to be impulsive, 
insensitive, physical (as opposed to mental), risk-
taking, short-sighted and nonverbal, and they will 
tend therefore to engage in criminal and analo-
gous acts” (Gottfredson & Hirschi, 1990, p. 90; 
see also Grasmick et al., 1993; De Ridder et al., 
2012). Unlike individuals with low self-control, 
those with self-control are better able to avoid 
simple gratifications in order to achieve and ben-
efit from their long-term goals (Gottfredson & 
Hirschi, 1990, p. 89-90). 

According to Gottfredson and Hirschi 
(1990), an individual’s level of self-control is de-
termined by the quality of parenting received in 
early childhood. On the one hand, parents who 
are attached to their children will monitor their 
behavior, recognize deviant behavior when it oc-
curs, and punish the child to correct their mis-
deeds (Gottfredson & Hirschi, 1990, p. 97). By 
doing so, children develop the self-control to re-
sist easy gratification of short-term desires. On 
the other hand, parents who are less attached tend 
not to monitor their child’s behavior nor punish 
them for any wrongdoings. Gottfredson and 
Hirschi (1990) consider the second scenario to 
reflect “inadequate” child-rearing, which they 
argue leads to the development of “low” self-
control. Low self-controlled individuals end up 
engaging in behaviors that provide easy, simple 
benefits but also have long-term negative conse-
quences, because they were not corrected as chil-
dren (Gottfredson & Hirschi, 1990, pp. 89-91). 

More self-control individuals are capable of put-
ting aside their immediate short term desires in 
order to achieve more important and fruitful fu-
ture accomplishments. They find more success in 
school (Gottfredson & Hirschi, 1990, pp. 105-
107), work harder intellectually to prepare them-
selves for a rewarding career and, therefore, end 
up being more successful in their professional 
endeavors (Gottfredson & Hirschi, 1990, pp. 163-
165; see also De Ridder et al., 2012). Thus, both 
self-control and low self-control have persistent 
consequences for individuals on either side of the 
spectrum throughout their lives. For individuals 
with self-control the consequences typically in-
volve positive experiences, unlike individuals 
with low self-control whose consequences are 
generally negative (De Ridder et al., 2012, p. 88).  
 
Early Major Research Efforts Testing  
Gottfredson and Hirschi’s A General Theory 
of Crime 
 

The vast majority of early empirical tests 
of the theory provided the field with supporting 
evidence (Grasmick et al., 1993; see also; Wood, 
Pfefferbaum, & Arneklev, 1993; Evans, Burton, 
Dunaway, & Benson, 1997). Concerning one of 
the earliest empirical examinations of self-control 
theory, Grasmick et al. (1993) found that low 
self-control predicted self-reports of “force” and 
“fraud” “undertaken in pursuit of self-interest,” 
which is Gottfredson and Hirschi’s (1990, p. 15) 
definition of crime. Therefore, the general theory 
also avoids formal definitions of illegal behavior 
and explains all criminal and analogous acts, a 
contention also supported by Gramick et al.’s 
(1993) findings. Grasmick et al. (1993) also be-
lieved that in order to conduct an accurate test of 
the theory, it was important to develop a valid a 
way to operationalize the concept that reflects the 
characteristics of low self-control. Following 
Gottfredson and Hirschi’s (1990, pp. 89-91) con-
ceptualization of the different components of low 
self-control, Grasmick et al. (1993) developed a 
twenty-four item scale specifically designed to 
measure low self-control. The scale has become 
the most used attitudinal indicator of low self-
control (Pratt & Cullen, 2000). 
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Recent Examinations and Theoretical  
Extensions 
 

Nearly a decade after earlier tests, Pratt 
and Cullen (2000) conducted a meta-analysis to 
assess the empirical status of Gottfredson and 
Hirschi’s (1990) theory. Their meta-analysis 
summarized the empirical results of most prior 
tests of self-control theory (also see De Ridder et 
al., 2012). Results from Pratt and Cullen (2000) 
indicated that low self-control is a strong predic-
tor of criminal and analogous behaviors across 
most studies. However, the study also concluded 
that Gottfredson and Hirschi’s (1990) contention 
that low self-control is the sole determinate of 
crime may be overstated (Pratt & Cullen, 2000, p. 
949). This qualification has led recent scholars to 
seek to identify alternatives to low self-control 
that may also predict involvement in criminal and 
analogous behaviors.  

Recently identified concepts include mo-
rality, religiosity, social bonds and differential 
association, which have been shown to either al-
ter and/or reduce the effects of low self-control 
on various forms of deviance. For example, stud-
ies have found that an individual’s morality may 
inhibit involvement in various forms of deviance, 
either through interaction with, or independent of, 
low self-control (Schoepfer & Piquero, 2006; An-
tonaccio & Tittle, 2008; also see Wikstrӧm et al., 
2010). In addition, several studies argues that re-
ligious belief also interacts with self-control 
(Welch et al., 2006; also see Bartkowski et al., 
2008; McCullough & Willoughby, 2009, Round-
ing et al., 2012) and/or significantly reduces in-
volvement in minor forms of deviance beyond the 
effects of low self-control (Cochran et al., 1993). 
Furthermore, recent research testing Social Bond 
Theory (Hirschi, 1969) has also suggested that 
elements of the “social bond” (including com-
mitment, attachment, involvement, and belief) 
can act as an additional cause of crime, beyond 
the effect of low self-control (Boman, Krohn, 
Gibson, & Stogner, 2012; Flexon, Greenlearf, & 
Lurigio, 2012; Longshore, Change, & Messina, 
2005; Longshore, Turner, & Stein, 1996). Finally, 
studies of Differential Association theory (Suth-

erland, 1947) suggest that associations may also 
increase involvement in deviance either inde-
pendent of, and/or in interaction with, low self-
control (Holtfreter, Reisig, Piquero, & Piquero, 
2010; Franklin, Bouffard, & Pratt, 2012; also see 
Longshore et al., 2005; Evans et al., 1997).  

In summary, recent tests of self-control 
theory suggest that additional factors predict in-
volvement in criminal and analogous behaviors, 
beyond the effect of low self-control. The more 
of these factors that are identified, the more that 
research moves away from Gottfredson and 
Hirschi’s (1990) early assertion that low self-
control is “the” cause of criminal and analogous 
behaviors (p. 232). The current study tests wheth-
er an additional, heretofore neglected, concept in 
the literature might also be an additional determi-
nant for involvement in criminal and analogous 
behaviors.  
 
The Present Study:  A Theory Based on the 
Concept of ‘Curiosity’ 
 

Research on the concept of “Curiosity” is 
virtually nonexistent in the field of criminology. 
Therefore, it is important to establish a strong 
nominal definition for the concept. Curiosity 
seems to be a subconscious desire, or want, to 
question things unknown to the individual and/or 
to experiment with unfamiliar situations and/or 
behaviors, in order to have an understanding of 
how things work. Curiosity is a trait that is pre-
sumed to be in both genders, in all races and eth-
nicities, and present at all stages of life. While it 
is beyond the scope of this research to test the 
stability and/or malleability of curiosity, it is pro-
posed that the concept may influence involve-
ment in more minor and exploratory types of de-
viance. For example, curiosity might lead some 
individuals to try marijuana a couple of times in 
order to experience the drug’s effects. Therefore, 
the theory that is presented here is that curiosity 
may lead individuals to engage in certain explora-
tory types of deviance, beyond the effect of low 
self-control. [See Figure 1 Below] 
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Curiosity         *                  Exploratory Deviance 

Low Self-Control                (Each of the 7 Types) 

Gender 

Age 

 

 
Figure 1 Theory of attributes which contribute to Exploratory Deviance 

 
 
Research Hypothesis 
 
    Hypothesis #1: Individuals who are more curious are significantly more likely to engage in 
exploratory deviance than individuals who are less curious, net of the effects of low self-control and 
other control measures.  
 
Data and Tables 
 
Sample 
 
    The data used in the current study was 
obtained by surveying a convenience sample of 
undergraduate college students (age 18 and older) 
in a southeastern university. A total of seven ran-
domly chosen undergraduate college courses par-
ticipated in the study. These classes were selected 
simply by a professor’s willingness to devote part 
of their class time to allow for the administration 
of the survey. The original Internal Review Board 
(IRB) application specified that no more than 400 
respondents were needed in the study (although it 
was also felt that at least 300 would be needed for 
more advanced statistical analyses). Therefore, 
when the sample size of 344 respondents was 
reached, no additional surveys were distributed. 
Preliminary descriptive statistics indicated that 
43% of the sample was male (matching the 43% 
of males within the student body of the relevant 
college) and that the mean age of the sample was 
22.15 years old. While the percent male compari-
son might make it appear that the sample is repre-
sentative of the college, we wish to remind read-
ers that this is simply a convenience sample of 
individuals and no attempt is being made to gen-
eralize to the college’s population and/or any oth-
er population. 
 
 

Measures: Low Self-Control 
 
    “Low Self-Control” is measured with the 
use of Grasmick et al.’s (1993) twenty-four item 
scale. This scale was specifically designed to 
measure the original conceptualization provided 
by Gottfredson and Hirschi (1990) in their origi-
nal theory (see specifically pp. 89–91). The 
measure captures not only the six sub-
dimensions, but also those dimension which are 
used to account for a higher order, more global, 
and low self-control construct (Arneklev, Gras-
mick, & Bursik, 1999). The sub-dimensions are 
impulsivity, simple tasks, risk seeking, physical 
activity, self-centeredness, and volatile temper. 
Each of the six dimensions is measured using 
four survey items. Respondents replied to the 
twenty-four items by answering all questions on a 
four point scale of (1) strongly disagree, (2) disa-
gree, (3) agree, and (4) strongly agree. Therefore, 
a high score represents a high degree of “low” 
self-control. The means and standard deviations 
for the over-all 24 item scale and each of the in-
dividual items are listed in table 1. Chronbach’s 
alpha increases from .809 to .811 with the elimi-
nation of the fourth item of the Physical Activi-
ties component. For a complete discussion of the 
development of the scale see Grasmick et al. 
(1993, p. 117). [See Table 1] 
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Table 1 Low Self-Control Scale Items (n= 344) 
 
Item Mean S. D. 

Impulsivity Component  

 
I don't devote much thought and effort to preparing for the future. 1.40 .69 

 

I often do whatever brings me pleasure here and now, even at the cost of some distant 

goal. 2.04 .88 

 
I'm more concerned about what happens to me in the short run than in the long run. 1.71 .71 

 
I much prefer doing things that pay off right away rather than in the future. 1.95 .80 

Simple Tasks Component 

 
I frequently try to avoid things that I know will be difficult. 2.00 .78 

 
When things get complicated, I tend to quit or withdraw. 1.62 .66 

 
The things in life that are easiest to do bring me the most pleasure. 2.04 .79 

 
I dislike really hard tasks that stretch my abilities to the limit. 1.79 .71 

Risk Taking Component 

 
I like to test myself every now and then by doing something a little risky. 2.92 .77 

 
Sometimes I will take a risk just for the fun of it. 2.66 .88 

 
I sometimes find it exciting to do things for which I might get in trouble. 2.04 .91 

 
Excitement and adventure are more important to me than security. 1.93 .81 

Physical Activities Component 

 

If I had a choice, I would almost always rather do something physical than something 

mental.             2.45 .92 

 
I almost always feel better when I am on the move than when I am sitting and thinking. 2.91 .82 

 
I like to get out and do things more than I like to read or contemplate ideas.  2.91 .86 

 

I seem to have more energy and a greater need for activity than most other people my 

age.  
.… …. 

Self-Centered Component 

 

I try to look out for myself first, even if it means making things difficult for other peo-

ple. 2.06 .87 

 
I’m not very sympathetic to other people when they are having problems. 1.61 .76 

 
If things I do upset people, it’s their problem, not mine. 1.75 .81 

 

I will try to get the things I want even when I know it’s causing problems for other peo-

ple. 1.68 .72 
Temper Component 

 
I lose my temper pretty easily. 1.98 .90 

 

Often, when I’m angry at people I feel more like hurting them than talking to them 

about why I am angry. 
1.69 .78 

 
When I am really angry, other people better stay away from me. 2.00 .94 

 

When I have a serious disagreement with someone, it’s usually hard for me to talk 

about it without getting upset. 
2.31 .93 

Alpha reliability = .81 
 
Curiosity  
 
    “Curiosity” is a new concept that, prior to 
this study, had never been measured empirically 
in the criminological literature. In order to define 
this construct operationally, a pretest was con-
ducted in the spring of 2013 in an attempt to iden-

tify four reliable survey questions to measure a 
form of “behavioral” curiosity. Retrospective 
questions (i.e. items that ask about an earlier time 
point in the respondent’s life) were used to meas-
ure curiosity and “exploratory” deviance (see be-
low). Each item was prefaced with the phrase 
“When I was young.” The term “young” did not 
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receive any specific definition, however, in order 
to allow for individual interpretation to influence 
responses to the survey questions. Measures for 
exploratory deviance were prefaced with the 
phrase “When you were in middle/high school…” 
Exploratory deviance measures were defined in 
order to satisfy concerns about temporal order. 
An example question for behavioral curiosity is, 
“When I was young, if I was curious about some-
thing, it would often compel me to do something 
about it.” Respondents were asked to reply to 

four questions using the same four point response 
scale that was used to measure low self-control. 
Responses were coded (1) strongly disagree, (2) 
disagree, (3) agree, and (4) strongly agree. A high 
score, therefore, represents high behavioral curi-
osity. Chronbach’s alpha reliability for the Be-
havioral Curiosity scale is .856.   The alpha could 
not be increased with the deletion of any of the 
items. The items and their means and standard 
deviations are listed in Table 2. 

 
Table 2 Curiosity Items (n= 344) 
 

Item Mean S. D. Factor 
Loading 

When I was young, I often found myself trying new things just to see what they were like. 2.83 .84 .86 

When I was young, if anything peaked my interest I would often investigate it further. 3.10 .70 .78 

When I was young, I had an inquisitive nature that would often influence what I did. 2.85 .74 .82 

When I was young, if I was curious about something, it would often compel me to do 

something about it. 
2.89 .74 .79 

Cronbach's Alpha = .86   Eigen Value = 2.80 

 
Exploratory Deviance 
  
    Respondents were asked to answer ques-
tions regarding seven different types of behaviors 
in which they may or may not have participated 
during middle or high school. Many of the meas-
ured behaviors are illegal. For the purposes of 
this study, however, these behaviors were re-
ferred to as “deviance” due to individuals’ age at 
which they occurred. It is also noteworthy that 
four out of seven of these behaviors are “status 
offenses.” A status offense is a type of behavior 
which is illegal only if committed by persons of a 
particular legal status such as when minors con-
sume alcohol underage (Whitehead & Lab, 2012). 
In such a case, individuals over the legal age re-
quirement (21 and older) would not be in viola-
tion of any laws. An example of a retrospective 
question for exploratory deviance is, “When you 
were in middle/high school, how many times did 
you drink alcohol to the point of intoxication?” 
All items were answered using a four point scale 
of (0) never, (1) a few times, (2) more than a few 
times, and (3) often/frequently.  
    To operationalize “exploratory” deviance, 
we purposefully selected the attributes of “a few 

times” and “more than a few times” so that strict-
ly curious people could distinguish behaviors not 
important to them in self-reporting. Theoretically, 
the respondent’s curiosity would be satisfied after 
engaging in a behavior “a few times.” For indi-
viduals responding in categories (2) and (3), an 
additional factor (i.e. low self-control) would ac-
count for continued engagement in the behavior 
and, therefore, would not hold any importance to 
our test. The test to delineate the relative effects 
of curiosity versus low self-control can be con-
ducted by comparing individuals in category (0) 
“never” to the individuals reporting (1) “a few 
times.”   Both non-curious respondents and those 
with high self-control should be more likely to be 
in category (0), whereas curious respondents and 
those with low self-control should be more likely 
in category (1). This test, therefore, determines if 
curiosity is still a significant predictor of explora-
tory deviance (being in category 1), while con-
trolling for the effects of low self-control. Means 
and standard deviations for these seven variables, 
the curiosity scale, the low self-control scale, and 
the control variables are listed in Table 3.  
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Table 3 Exploratory Deviance Items (N= 344) 

 

Item   Variable 

Name 

Resp. 

Coded 

Mean S. D. Resp 

1 % 

Resp 

0 % 

Respondents 

When you were in middle/high 

school, how often did you “sneak 

out” of your home at night? 

 
Sneak Out 

0= Never 

1= A few 

Times  
32 .47 

31.9

0 
68.1

0 
N= 304 

When you were in middle/high 

school, how often did you skip an 

entire day of classes (e.g. when you 

were not sick)? 

 

Skip a Day 
0= Never 

1= A few 

Times      
.53 .50 

52.6

0 
47.4

0 
N= 291 

When you were in middle/high 

school, how many times did you 

gamble with real money? 

 Gamble 

with Real 

Money 

0= Never  

1= A few 

Times      
.16 .37 

16.0

0 
84.0

0 
N= 324 

When you were in middle/high 

school, how often did you attend 

“house parties”? 

 
House Par-

ties 

0= Never  

1= A few 

Times      
.44 .50 

43.5

0 
56.5

0 
N= 255 

When you were in middle/high 

school, how often did you use mari-

juana? 

 
Use Mari-

juana 

0= Never 

 1= A 

few 

Times      

.19 .39 
18.9

0 
81.1

0 
N= 296 

When you were in middle/high 

school, how many times did you 

drink alcohol to the point of intoxi-

cation? 

 
Drank to 

Intoxica-

tion 

0= Never  

1= A few 

Times      
.26 .44 

26.3

0 
73.7

0 
N= 274 

When you were in middle/high 

school, how often did you try pre-

scription drugs that were not specifi-

cally prescribed for you? 
 

Prescrip-

tion Drugs 

0= Never  

1= A few 

Times    
.06 .23 5.70 

94.3

0 
N= 336 

Curiosity 

   
11.68 2.54 ….. ….. N= 344 

Low Self- Con-

trol 
     

47.45 8.29 ….. ….. N= 343 

Male 

      
.43 .50 

42.7

0 
57.3

0 N= 344 

Age 

      
22.15 4.34 ….. ….. N= 344 

 

      To control for potential instances of omit-
ted variable bias, Gender (Male=1, Female= 0) 
and Age (measured as a continuous variable) 
were used as control variables. According to 
Gottfredson and Hirschi’s (1990), age is inde-
pendent of low self-control (pp. 124-144) and, 
therefore, should be used as a control variable. 
Gender differences in criminal and analogous be-
haviors may reflect the differences between males 
and females and respective degree of self-control 
(Gottfredson & Hirschi, 1990, pp. 144-149). 

Gender is still used as a control variable, as the 
measure may not completely capture self-control 
levels.  
 
Analysis Procedures  
   
    The analysis proceeds in the following 
steps. First, bivariate correlations will be ana-
lyzed to determine whether Curiosity and/or Low 
Self-Control are significantly related to each of 
the seven types of Exploratory Deviance. Second, 
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logistic regression will be used to compare the 
effects of Curiosity and Low Self-Control “head-
to-head” in explaining exploratory deviance. The 
research hypothesis will be supported if curiosity 
significantly predicts exploratory deviance, while 
controlling for Low Self-Control, Age and Gen-
der.  

 
Results  
 
    Table 4 reports the results of the bivariate 
correlations between the measures of Curiosity 
and Low Self-Control Scale and each of the devi-
ance items. A number of findings stand out in the 
table. First, there are significant correlations be-
tween Curiosity and the variables Sneaking Out (r 
= .201, p = <.001), to Gamble with Real Money 
(r = .150, p = .007), and the unauthorized use of 
Prescription Drugs (r = .111, p = .042). In addi-
tion, Curiosity is close to being associated signif-
icantly with Skipping a Day of School (r = .102, p 
= .083). In contrast, bivariate correlations be-
tween Low Self-Control and Gambling with Real 
Money (r = .140, p = 012), Drinking Alcohol to 
the point of Intoxication (r = .163, p = .007), and 

the unauthorized experimentation with Prescrip-
tion Drugs (r = .178, p = .001) are also signifi-
cant. Interestingly, there is also a significant rela-
tionship between Curiosity and Low Self-Control 
(r = .209, p = <.001). [See Table 4] 
 

Table 5 reports the logistic regression re-
sults for the effects of Curiosity and Low Self-
Control on Exploratory Deviance controlling for 
Age and Gender. The results are mixed. Curiosity 
significantly predicts a number of different types 
of Exploratory Deviance such as Sneaking Out (b 
= .180, p = <.001), Skipping a Day of School (b = 
.117, p = .021), and Gambling with Real Money 
(b = .192, p = .012) controlling for the effects of 
Low Self-Control, Age and Gender. However, 
Low Self-Control significantly predicts Drinking 
to the point of Intoxication (b = .043, p = .019) 
and the unauthorized Use of Prescription Drugs 
(b = .094, p = .003) controlling for the effects of 
Curiosity, Age and Gender. Surprisingly, neither 
Low Self-Control nor Curiosity significantly pre-
dicts Attending House Parties or Smoking Pot. 
[See Table 5] 
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Table 4 Correlations Among Exploratory Deviance Items, Curiosity, and the Low-Self Control 

Scale (r is the top number and the significance level is the bottom number). 

 

Sneak 

Out 

Skip 

Day 

Gamble 

Money 

House 

Parties 

Use Mari-

juana 

Intoxicated 

Drunk 

Prescript 

Drugs 
Curiosity 

Low 

Self-

Control 

          

Sneak 

Out 

 

1.000 

 
        

          
Skip Day .146 

1.00

0        

 
.017 

        
          Gamble 

Money 
.052 .001 1.000 

      

 
.377 .998 

       
          House 

Parties 
.287 .162 .243 1.000 

     

 
<.001 .014 <.001 

      
          Use Ma-

rijuana 
.175 .004 .155 .282 1.000 

    

 
.004 .954 .009 <.001 

     
          Intoxicat-

ed Drunk 
.215 .053 .229 .392 .293 1.000 

   

 
.001 .408 <.001 <.001 <.001 

    
          Prescript 

Drugs 
.117 .061 .115 .126 .227 .168 1.000 

  

 
.044 .303 .040 .045 <.001 .005 

   
          Curiosity .201 .102 .150 .072 .077 .067 .111 1.000 

 

 
<.001 .083 .007 .253 .189 .268 .042 

  
          Low Self-

Control 
.067 -.073 .140 .058 .059 .163 .178 .209 1.000 

 

 

.248 .214 .012 .358 .316 .007 .001 <.001 
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Table 5 Logistic Regression for the Effects of Curiosity and Low Self-Control on Exploratory 

Deviance (Controlling for Gender and Age).

 
Sneak Out 

Skip a 

Day 

Gamble With 

Money 
House Parties 

Use  

Marijuana 

Drank to In-

toxication 

Prescription 

Drugs  

 
(N=303) (N=290) (N=323) (N=254) (N=295) (N=273) (N=335) 

        Curiosity .180 .117 .192 .043 .055 .033 .197 

 

(<.001) (.021) (.012) (.395) (.390) (.571) (.089) 

        Low Self- 

Control 

.010 

(.536) 

-.021 

(.182) 

.031 

(.147) 

.006 

(.694) 

.007 

(.718) 

.043 

(.019) 

.094 

(.003) 

 

       

        Gender .165 -.333 .329 .559 .909 .406 .801 

 

(.520) (.171) (<.001) (.034) (.003) (.151) (.115) 

        Age .051 .047 -.030 .008 -.042 -.018 .081 

 

(.073) (.108) (.526) (.773) (.322) (.584) (.068) 

        Nagelkerke .073 .048 .277 .033 .063 .053 .150 

R² 

        
Conclusion 
 
    The current research tested Gottfredson 
and Hirchi's (1990) A General Theory of Crime 
and the original theory of curiosity and deviance. 
The study’s research hypothesis contended that 
individuals who are more curious are more likely 
to engage in exploratory deviance than individu-
als who are less curious, controlling for the ef-
fects of low self-control. This hypothesis received 
partial support. The analysis revealed a signifi-
cantly strong statistical association between curi-
osity and the acts of sneaking out, skipping a day 
of school, and gambling with real money (net the 
effects of low self-control and other control vari-
ables). Therefore, curiosity seems to predict less 
serious variations of exploratory deviance. The 
initial findings are consistent with other recent 
research that has found that other factors, beyond 
the effects of low self-control, help to explain in-
volvement in criminal and analogous behaviors 
(Pratt & Cullen, 2000; and see Evans et al., 1997; 
Cochran et al., 2002; Longshore et al., 2005; 
Schoephfer & Piquero, 2006; Welch et al., 2006; 

Antonaccio & Tittle, 2008). In contrast, Gottfred-
son and Hirschi's (1990) theory of low self-
control was also supported because low self-
control proved to be the only significant predictor 
of drinking to intoxication and the unauthorized 
use of prescription drugs. Therefore, the concept 
of low self-control seems to be a stronger predic-
tor of more serious types of exploratory deviance. 
As previously mentioned, neither low self-control 
nor curiosity significantly predict attending house 
parties or smoking pot. A possible explanation for 
these latter types of deviance is Edwin Suther-
land’s (1947) Theory of Differential Association. 
Further research may discover that friends who 
engage in these specific behaviors provide a 
stronger predictor than an individual’s level of 
curiosity or their level of self-control.  
    The results demonstrated that curiosity 
was an additional predictor of certain types of 
exploratory deviance, beyond the effects of low 
self-control. Therefore, curiosity can now be con-
sidered a new concept that can compete with the 
concept of low self-control in a continued effort 
to understand involvement in different types of 
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deviant behavior. The results also suggested that 
curiosity, while correlated with low self-control, 
should be considered a separate concept altogeth-
er. Curiosity predicted certain types of explorato-
ry deviance. Low self-control significantly pre-
dicted other types. Therefore, the research did not 
find that curiosity alters the time frame used in 
the calculus of low or high self-control individu-
als when they are deciding whether to engage in 
such behaviors. Future research should test for 
interactions between curiosity and low self-
control to examine that potential. Researchers are 
encouraged to use the new measure of curiosity in 
future endeavors.  
    Like all research, this study has limita-
tions. First, the analysis conducted on the sample 
was drawn from a convenient population. While 
convenience samples are generally considered 
acceptable for exploratory research projects, other 
researchers are encouraged to conduct similar 
analyses with the use of representative samples. 
Second, other concepts that have been shown to 
be additional predictors for involvement in crimi-
nal and analogous behaviors (e.g. morality, relig-
iosity, social bonds and differential association) 
were not controlled for in this study. Further-
more, additional variables could also have been 
controlled for the analysis (e.g. race/ethnicity, 
family income, etc.). Therefore, the results, to a 
certain extent, could be spurious. Additional con-
trols when testing similar relationships as those 
tested in this study may yield important results.  
    It may be premature to provide any type 
of policy implications based on a single study. 
This research has confirmed, however, that curi-
osity provides a significant motivation for the en-
gagement in certain types of deviant behaviors 
(i.e. sneaking out, skipping a day of school, and 
gambling with real money). Given the inherent 
nature of curiosity, a degree of deviance is una-
voidable in youth. Such a finding has important 
implications when examined alongside labeling 
theory (Tannenbaum, 1938; Lemert, 1953; Beck-
er 1963). Juvenile laws and institutions should 
establish an explicit difference between explora-
tory deviance and criminal behavior. According 
to labeling theory, labeling merely deviant youths 
as “criminals” may, in fact, spur deeper explora-
tion into more serious behaviors such as those 
explicitly defined as criminal. 

    In summary, this study indicates that the 
previously overlooked concept of curiosity may 
hold considerable potential in explaining certain 
types of exploratory deviance. Curiosity is now a 
new criminological concept that reflects the types 
of factors that Pratt and Cullen (2000) encour-
aged researchers to discover and explore. The 
implications for A General Theory of Crime is 
that curiosity is also now another new concept 
that also erodes the proposition that low self-
control, for all intents and purposes, is “the indi-
vidual cause of crime” (Gottfredson & Hirschi, 
1990, p. 232, italics in original). While serious 
exploratory deviance was dependent on low self-
control (consistent with the theory), curiosity 
predicted involvement in various forms of more 
minor exploratory deviance, which low self-
control could not explain. This finding threatens 
the very foundation of the “general” theory, 
which states that low self-control should account 
for all forms of deviance be they exploratory or 
not. Therefore, this research represents the first 
step towards a new body of knowledge in crimi-
nology.  
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Abstract. This essay explores the contrasting views of Juan Facundo Quiroga’s represen-
tation in the 19

th
 and 20

th
 centuries through the analysis of Domingo F. Sarmiento’s 1845 

essay Facundo: Civilización y Barbarie and the 1995 cinematic representation directed 
by Nicolás Sarquis Facundo, la sombra del tigre. Though the Republic of Argentina 
gained independence from Spain in the mid-19

th
 century, it faced internal conflicts be-

tween the two central political parties, the Unitarians and the Federalists. The life of Juan 
Facundo Quiroga provided a platform for Sarmiento to display and expose the supposed 
barbarism of Facundo, a gaucho figure, and the Federalist party. A century later, Sarquis 
revisited the image of Facundo in order to rescue the native elements of Argentina, such 
as the gaucho. This film representation of Facundo poses a counterargument to the orien-
talist image Sarmiento set forth because it identified Facundo as a progressive military 
leader who intended to forge a peaceful republic. In my analysis of this essay, I demon-
strate how Sarmiento employs an orientalist archetype to represent the Argentine gauchos 
and the Federalist Party through the images present in European literature. This essay al-
so suggests that through modern film, Sarquis attempts to rescue those same indigenous 
elements of Argentina by allowing the public to identify with the character of Facundo. 

 

Introduction 

 
   In the middle of the 19

th
 century, Argen-

tine thinker and politician Domingo Faustino 

Sarmiento (1810-1888) published his views on 

the ideological conflict between civilization and 

barbarism in his well-known essay Facundo: Civ-

ilización y Barbarie (1845)
1
. In this essay, Sar-

miento denounces the politics upheld by Juan 

Facundo Quiroga (1788-1835), the Argentine 

gaucho leader who shared ideological attach-

ments with the government system of the caudillo 

of the capital province of Buenos Aires, Juan 

Manuel de Rosas (1793-1877).
2
 Sarmiento’s 

                                                 
1
 For the purpose of this study, I will be citing the English 

version of Facundo: civilización y barbarie; Facundo: Civ-

ilization and Barbarism: The First Complete English 

Translation. Translated by Kathleen Ross. 
2
 Juan Facundo Quiroga was an Argentine caudillo of the 

Federalist party, governor of the province of La Rioja from 

March 28, 1823 to July 22, 1823, and military chief of the 

militias of the Llanos (1820-35). Juan Manuel de Rosas was 

Facundo 
3
 is based on the life of Quiroga, yet the 

author takes advantage of the opportunity to pro-

pound arguments against the caudillo system in 

Argentina. In part, Sarmiento supports his theo-

ries by comparing the image of Quiroga with cer-

tain orientalist stereotypes associated with life in 

the Orient. 

 In the present essay, I intend to delineate 

how Sarmiento reverts to images and figures of 

the Middle East, Africa, and Asia in order to es-

tablish a contrast between the way of life of the 

supposedly civilized Western traditions and the 

“Oriental” side of Argentina that the author per-

ceives in the peripheral areas of the country. In 

the second part of this study, the figure of a more 

benevolent and compassionate Facundo is ana-

lyzed in the film Facundo, la sombra del tigre 

(“Facundo, the Tiger’s Shadow”) (1995), an Ar-

gentine film whose director, Nicolás Sarquis, de-

                                                                                  
another caudillo belonging to the Federalist party who gov-

erned the capital province of Buenos Aires for several terms 

(1829-1832;1835-1852) (Pigna). 
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buted in the mid-1990s. I propose an analysis of 

the construction and re-construction of this char-

acter within two periods of Argentine history and 

the significance that both authors bestow onto 

this national (anti) hero, the gaucho as personi-

fied by the image of Facundo.  

Facundo: Civilization and Barbarism is 

an extensive literary work divided into three 

parts. The first part focuses on Argentina, its 

provinces and the people that inhabit the country. 

The second part traces the life of Juan Facundo 

Quiroga in his native province of La Rioja. Final-

ly, the third part centers on the social war and the 

politics of the time. The author specifically looks 

at the division of the Argentine republic between 

Juan Manuel Rosas and Estanislao López. In ad-

dition, the politics instituted by Rosas and the 

state of the Republic are also discussed and cri-

tiqued. This essay creates the initial argument by 

separating the urban and rural spaces and desig-

nating them as civilization and barbarism, respec-

tively.  

In Facundo, la sombra del tigre, Nicolás 

Sarquis presents his audience with the last days of 

Facundo. The old Facundo recalls his life in La 

Pampa in the form of a flashback. He narrates 

that he travels to Salta to investigate the state of 

the Republic, in terms of the creation of the Ar-

gentine constitution, and the next phase of the 

Republic. Before his departure to Salta, the Fed-

eralists are informed of a plot organized by the 

Unitarians to assassinate Facundo while he trav-

els through the province of Córdoba. After his 

mission is completed in Salta, Facundo begins his 

return to Buenos Aires and while passing Córdo-

ba on the trail of Barranca Yacos, Facundo is as-

sassinated, possibly by his Unitarian enemies. 

This cinematic portrayal provides a modern opin-

ion of the controversial figure of the gaucho that 

has been manipulated by the party in power. 

Before beginning the analysis of these two 

works, an explanation of the historical and the 

political contexts of Argentina in the latter part of 

the 19
th

 century are imperative. After declaring its 

political independence in 1816, Argentina lin-

gered in an unstable condition and was in politi-

cal disarray. The Argentine nation that had fought 

against Spanish rule became fragmented into two 

parties with irreconcilable political programs. On 

one side there were the proclaimed “union-

ists/Unitarians,” whose interests were in favor of 

the aristocracy, the criollos and the groups of 

higher economic means, whose urban orientation 

did not favor the rural society (Katra 17). This 

party sought a government with a structure simi-

lar to that of a monarchy and pursued a central-

ized government, whose base would be estab-

lished in Buenos Aires. Sarmiento proposed to 

end the cultural backwardness and develop agri-

culture, mineries, and, more than anything, ele-

mentary education (Barrenechea and Lavandera 

47). These preferences toward elitist interests in 

the country motivated the rural population and 

the desert zones inhabited, in majority, by farm-

ers and peasants, many of them indigenous, and 

mestizos known as gauchos, to support the future 

of Argentina as proposed by the alternative party 

system of the “Federalists.” The urbanites, the 

intellectuals, and the educated most commonly 

supported the Unitarians, while the uneducated, 

rural population conformed to the Federalist party 

(Katra 17-18). While the Unitarians, whose ide-

ology centered on empirical reasoning, developed 

a rift between itself, the Church, and its Spanish 

roots, the Federalist made use of religion and the 

church to attract the uneducated population. The 

Federalists were willing to govern alongside the 

church, following the model of an ancient Spain. 

This fundamental view in favor of secularism for 

the country was of great use in Sarmiento’s dis-

course to denounce the barbarism of the Federal-

ists and on a larger scale, the gauchos, because of 

their mestizo condition. 

 However, the filmmaker Nicolás Sarquis 

takes the opportunity to rehabilitate the negative 

image of the Pampa and its plains by recreating 

the last days of Juan Facundo Quiroga, and alters 

the savage figure that Sarmiento presents by man-

ifesting Facundo as a civilized man. Sarquis does 

this by projecting Facundo’s charisma. Ariel de la 

Fuente talks about a leader’s charisma and points 

out that oral culture reflects charisma, the percep-
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tions of the followers, and plays a powerful role 

in nation formation. The illiterate, in this case, the 

gaucho, primarily used oral culture. Facundo’s 

charisma within the gaucho community made 

him a cultural hero through his prevalence in 

songs and jokes, forms of oral culture (114-15). 

Sarquis reinvigorates this charisma by taking 

what he considers Facundo’s most controversial 

features and projecting the ideology of the caudil-

los to a wider audience on the cusp of a new mil-

lennium (“Murió Nicolás Sarquis”). At the end of 

the 1990s, Argentina as a nation sought to rescue 

indigenous aspects of the country as well as all 

national industries. Through his film, Sarquis 

renovates Facundo’s image as an Argentine hero 

and his representation of the Pampa reflects a 

positive aspect of the native land. Sarquis at-

tempts to portray Facundo as a less violent man 

and more of a cultured individual. Facundo’s no-

toriety for being a fierce man is reformed in great 

deal due to the projection of a more humane and 

progressive figure.  

 In 1837, various Argentine intellectuals 

opposed the caudillo Federalist leadership. 

Thinkers and writers like Domingo F. Sarmiento, 

Esteban Echeverría and Juan Bautista Alberdi, 

among others, comprised the intellectuals of the 

Argentine Generation of 1837. In the nation 

building period in Argentina, Unitarian and Fed-

eralist writers, such as Esteban Echeverría (El 

matadero, 1838) and José Hernández (Martín Fi-

erro, 1872), wrote vehemently against the oppo-

site party utilizing metaphoric language in order 

to discredit the opponent and interchange the 

roles of heroism and savagery. Altamirano pro-

poses that Sarmiento utilizes orientalism in order 

to indicate despotism within the politics of the 

Federalist party (89). Sarmiento, originally from 

Buenos Aires and a Unitarian, exiled himself to 

Chile and traveled to Europe when Rosas began 

his second dictatorship after Quiroga’s assassina-

tion in 1835. Jaime Concha suggests that Sar-

miento’s decision to publish Facundo in Chile 

demonstrates a “strategic distance” by fighting 

outside the combat zone of Argentina, taking a 

position of “rear guard” which Sarmiento consid-

ers a more civilized and rational form of battle 

(149). 

These intellectuals reflect the different 

viewpoints between the two major political par-

ties of the time. In this sense, Sarquis’s focus on 

Facundo’s image draws on the defense of the in-

dependent, that is, the gaucho, faced with the 

preferences of the urban population of Buenos 

Aires that are influenced by foreign trends and 

events. Both Hernández’s Martín Fierro, like Sar-

quis’s Facundo, are humanized characters, with 

virtues and flaws, compassionate and generous on 

occasion, but also rebellious because of the rigid 

system created by the parties in control.  

 Sarmiento begins Facundo’s biography 

with a detailed geographic description of La 

Pampa and its deserts, and he contrasts them to 

other urban spaces, such as Buenos Aires and 

Córdoba. He also reassures the reader that Bue-

nos Aires has enviable advantages because it is 

the largest city in the Americas and has a favora-

ble climate. As a nation, Argentina consists of 23 

provinces, 4 of which surround the capital prov-

ince of Buenos Aires. These are La Pampa to the 

west, Córdoba to the northwest, Santa Fe to the 

north and Entre Ríos to the northeast.  

 The essay incorporates rich images and 

metaphors to allow the reader to visualize life in 

the Argentine Pampa, most notably in the first 

chapters. However, the rhetorical figures used 

reaffirm the barbaric nature and even demonic 

space inhabited by the “other,” the gaucho that 

the Palestine author Edward W. Said describes in 

his study Orientalism (1978), which serves as the 

theoretic framework for the present study. Said’s 

theory suggests that by presenting romanticized 

images of the Orient, European and American 

powers justify colonization. One of Said’s princi-

pal ideas is that the general understanding of the 

Orient is neither based on real facts nor in any 

tangible reality but in ideas and preconceived ar-

chetypes created by the Western culture, and 

above all, everything that is classified as “orien-

tal.”  Also, orientalism determines that the Orient 

is the polar opposite of civil society, that is, the 

Western world. Sarmiento’s study focuses, on a 
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grand scale, on creating the same for Argentina, 

conflating the Orient with the Pampa and the ori-

ental other with the gaucho. In contrast to the lit-

erary Facundo, in Sarquis’s cinematic version of 

the life of Facundo, the negative attributes of the 

gaucho are subverted, and the director elevates 

this character to the category of a hero worthy of 

praise as a result of his love and commitment to 

the Argentine Republic. The 1995 film depicting 

Facundo shows a progressive and educated man 

with a number of values, who awakens the com-

passion of the masses by effectively and unwit-

tingly objecting to the assumed barbarism associ-

ated with the gaucho. 

In the beginning chapters of Facundo, 

Sarmiento denounces the geography and the peo-

ple of La Pampa. The author clarifies that the ge-

ography of both La Pampa and the Orient is a 

space conducive to a “savage” population, and 

the author assures that those individuals raised in 

these landscapes are less civilized than their 

compatriots in the city. It is in this manner that 

Sarmiento critiques the Argentine Federalists, by 

way of an oriental civilization that he knows of 

only through European writers. Sarmiento deter-

mines that in order to be civilized, the country 

must Europeanize (Garrels, “Traducir” 270), and 

in order to Europeanize it, it is necessary to adopt 

ideals and customs from outside the country, 

which Federalists believed to be harmful to the 

Argentine nation and a form of betrayal to the 

homeland. Incidentally, Sarmiento does not con-

sider Spain as a civilized space due to its prox-

imity to Africa, particularly the south of Spain, 

such as Andalucía, where the Muslim presence is 

most evident.
4
 In the following citation Sarmiento 

                                                 
4
 Although Sarmiento is in favor of the European, he is 

against the Spanish facets due to the Orient’s prominence in 

the Spanish culture and way of life. For example, Sarmiento 

is against the Arabic influence in the Spanish language and 

the presence of Moors in Spain. The author adds an endnote 

that contextualizes his observation of the atmosphere in 

which the Argentine gaucho drinks wine:  “It is not beside 

the point to recall here the notable similarities with the Ar-

abs shown by the Argentines. In Algiers, in Oran, in Mas-

cara, and in desert villages, I always saw Arabs meeting in 

cafes, since they are completely prohibited from drinking 

claims that Europeans are more civilized and Ar-

gentinians should imitate Western customs and 

education: 

The man of the city wears European 

dress, lives a civilized life as we know it 

everywhere: in the city, there are laws, 

ideas of progress, means of instruction, 

some municipal organization, a regular 

government, etc.… the man of the coun-

try, far from aspiring to resemble the 

man of the city, rejects with scorn his 

luxuries and his polite manners; and the 

clothing of the city dweller, his tailcoat, 

his cape, his saddle—no such sign of Eu-

rope can appear in the countryside with 

impunity. (53) 

In this excerpt, Sarmiento defines the European 

way of life as civilized. Laws and order are estab-

lished within the European cities that allow pro-

gressive ideas to flourish and influence the inhab-

itants of urban areas. By correlating progress and 

law as an aspect of the urban scene, Sarmiento 

reinforces the impossibility of being able to im-

plement civilization in rural areas.  

 In the first part of the biography, Sar-

miento describes the Pampa and the Middle East 

in a very basic and general manner, but when the 

author details the life of Facundo in the second 

part, he detains himself on the description of Fac-

undo’s native province of the Rioja. Sarmiento 

states that “[he has] always had the idea that Pal-

estine is similar to La Rioja, down to the reddish 

or ocher color of the earth, the dryness of some 

areas, and their cisterns…” (104). The reference 

to the reddish color of the land in the Rioja in-

vokes a bloody and destructive image of which 

Argentinians are cognizant due to the violence 

between Federalists and Unitarians as a result of 

                                                                                  
liquor, grouped around a cantor—in general two—

accompanying themselves on the vihuela as a duo, reciting 

national songs, mournful like our tristes. The reins used by 

Arabs are woven from leather, with little whips at the ends 

like ours; the bit we use is the Arab bit, and many of our 

customs reveal our parents’ contact with the Moors of An-

dalusia. As for physical appearance, that goes without say-

ing: I have met some Arabs whom I would swear I had seen 

in my own country” (Facundo 70). 
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different ideologies. Sarmiento compares this to 

the carnage that presents itself throughout centu-

ries in the Middle East, such as religious wars 

between Muslims, Jews, and Christians. From 

this violent resemblance, the author expresses his 

thoughts as to what would happen in Argentina if 

Federalists rise to power. Sarmiento depicts con-

nections between Palestine and the Rioja, includ-

ing its dryness, the mountains and the plains 

(104). By focusing on the plains of both regions, 

Sarmiento analyzes what type of individual 

dwells in these places and concludes that individ-

uals are made beautiful, rude, miserable (104) 

and taciturn because they struggle against these 

environments in order to survive. According to 

the author, the Rioja and Palestine appear to be 

the same place because of the same rugged geog-

raphy in which the same vulgar people reside 

(104). 

It is important to note that Sarmiento 

knows the Orient only through his readings of 

European literature, and he bases his entire cri-

tique on these works (M. Fuente 12). Maria 

Dolores de la Fuente notes that as a result of hav-

ing knowledge solely through European written 

works, Sarmiento fears that Quiroga presents a 

danger to the continuance of Western progress, or 

civilization (12). When the author commences 

each chapter of Facundo, he uses citations of 

these thinkers as epigraphs, and the content and 

tone of each respective chapter is set in relation to 

an orientalist image for Argentina. Carlos Altami-

rano discusses the importance of these epigraphs 

in the discourse for two reasons. The first purpose 

coincides with Sarmiento’s political motivations 

to correlate the countryside with the Orient, 

whilst his second literary motive is to add an ex-

otic, romanticized image to the Argentine Pampa 

(83-84) For example, to begin the fifth chapter, 

the life of Facundo Quiroga, Sarmiento integrates 

thoughts of the Frenchman A.L.F. Alix (Histoire 

de l’empire Ottoman, 1822) in an epigraph to ad-

judge that Facundo is a natural man: “Au surplus, 

ces traits appartiennent au caractère original du 

genre humain. L`homme de la nature, et qui n’a 

pas encore appris à contenir ou déguiser ses pas-

sions, les montre dans toutes leur énergie, et se 

livre à toute leur impétuosité.
5
 (91) The words of 

the aforementioned French author refers to the 

history of the Ottoman Empire of the 19
th

 centu-

ry. In that context, the natural man is an individu-

al who lives of the land. In this epigraph the ori-

ental man and the gaucho are “natural” men who 

have neither been able to control their emotions 

nor hide their passions and are, therefore, irra-

tional. Thus, they are impetuous. This epigraph 

alludes to the “…original character of human-

kind” and taking into consideration the previous 

definition of civilization, according to Sarmiento, 

he concludes that everything indigenous and nat-

ural is barbaric and should be replaced by the for-

eign, the European, and the rational. 

 The traits that Sarmiento assigns to gau-

chos, bestial and terrifying, fall under this catego-

ry. Facundo was well known by the gauchos as 

the “Tiger of the plains” due to physical and mor-

al similarities (Sarmiento 93). The “beasts” to 

which Sarmiento refers are the tigers of Asian 

jungles and pumas and jaguars that inhabit the 

Americas. These animals are found in wild envi-

ronments, incapable of being tamed and Sar-

miento makes this connection with the Pampa 

and Asia. The author denounces the nature of the 

gauchos by comparing them to these untamable 

creatures, which are also symbols of prowess and 

strength in nations of the East. 

A contrasting perspective appears in the 

film where Facundo’s animality represents super-

human strength. The cinematography emphasizes 

the spirit of the tiger that gives Facundo his 

strength. In various scenes, growls and roars of a 

tiger are heard while Facundo speaks to his sol-

diers and when they travel across the Pampa. The 

director also integrates Facundo’s Moorish horse 

in order to manifest Facundo’s animal connec-

tion, as though an extension exists of the qualities 

of the horse to his owner. The close relationship 

                                                 
5
 “Moreover, these traits belong to the original character of 

humankind. The natural man, who has not yet learned how 

to contain nor disguise his passions, shows them in all their 

might and surrenders to all of their impetuosity” (My trans-

lation). 



 

 

FAURJ 

Volume 4, Issue 1 Spring 2015 19 

between Facundo and his horse becomes a favor-

able and desired quality among the people. As a 

result of the horse being a Moorish horse, the di-

rector perpetuates the magic and superstition sus-

pected from the Orient. 

 When Sarmiento recounts Facundo’s life, 

he refers back to manuscript of a childhood friend 

of Facundo that describes Facundo’s lewdness in 

his youth. In the candor with which this manu-

script is supposedly written, Sarmiento leads the 

reader to believe that Facundo could have been 

compared to several great men in history. Some 

allusions employed by the author are references 

to Tamerlane (1336 C.E.-1405 C.E.), the Turkish 

conqueror who created an empire from Delhi to 

Anatolia, and Mohammad (570 C.E.- 632 C.E.), 

the Muslim prophet that united the Arab tribes 

under the Islamic religion (Sarmiento 99-100). 

These allusions evoke images of the Orient into 

the essay and the author refers to these allusions 

on various occasions. With these referenced 

names, Sarmiento establishes a parallel with great 

men present in the East and the caudillos of Ar-

gentina. The names of these important figures 

serve as a synecdoche to refer to all “Orientals” 

and Facundo’s name is used in the same manner. 

Hence, Facundo as the representative of the gau-

cho population becomes one and the same; the 

figures become interchangeable. For example, the 

allusion to the physical resemblance of the gau-

chos and Ali- Baja of Monvoisin appears already 

in the first chapter of the essay that portrays Fac-

undo. Sarmiento depicts Facundo as a man of 

short stature with wide shoulders, thick hair and a 

terrifying look who observed people with his 

head down, looking through his eyebrows like the 

Ali-Baja of Monvoisin (Sarmiento 93). Although 

Sarmiento associates Facundo with the Ottoman 

vizir, Ali Pasha of Albania, (Garrels, “Sarmiento” 

7-9) he is alluding to the painting Soldado de 

Rosas (1842), by the Frenchman Raymond 

Quinsac de Monvoisin (1790-1870) (Biblioteca 

Museo Nacional de Bellas Artes) (Giordano 

1285), when he speaks of the Arabic figure of 

Ali-Baja (Amigo 4-5). In this painting, the soldier 

leans against a wall found in the plains, drinking 

mate, Argentinian tea. The soldier dons a cloth on 

his head that can be characterized as a turban, an 

attire characteristic of the Arab population. His 

eyebrows are black and thick, and he looks be-

tween them towards an object in the distance. 

Sarmiento uses each aspect of his image as a 

point of comparison with the Arabic culture. 

Furthermore, in retelling Facundo’s youth, 

Sarmiento considers that the topic of religion is 

noteworthy. Sarmiento comments on various oc-

casions that Facundo rarely listens to mass, never 

prays, or confesses (99-100). As a leader that 

makes use of religion as part of his political cam-

paign to attract the Argentine masses, it is contra-

dictory that he does not follow the laws of the 

Church. Sarmiento finds a schism between the 

caudillo and the Church when they pretend to 

work together. While Sarmiento exploits this sep-

aration, Sarquis manifests that the caudillo is loy-

al to his Catholic beliefs. Sarquis shows the ban-

ners with the motto “Religion or Death” in the 

first scenes, in order to include a discussion later 

on in which Facundo prays and defends the Cath-

olic religion. The film shows a less severe and 

more faith-driven man than the man Sarmiento 

exposes.  

Sarmiento describes Facundo as a cruel 

man in order to demonstrate the Catholic 

Church’s hypocrisy. According to the author, the 

Catholic Church is capable of enabling an author-

itarian government with God’s permission as long 

as the man in power promotes the Church in what 

he identifies as “Papal Governments” (Sarmiento 

76). The fact that the Church and the government 

support each other is undesired by the Unitarians, 

who intend to secularize the nation. Additionally, 

Sarmiento suggests that Federalists unite gov-

ernment and religion in what he considers a bar-

baric government (76), following the model of 

Islam in the Middle East. The leader of the gov-

ernment is the leader of the religion under Islamic 

Sharia law and Sarmiento proposes a secular 

government, taking advantage of the opportunity 

to attack the opposite party.  

Moreover, Sarmiento notes the im-

portance of the clothes of the population as an 
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indication of the degree of their civility. The gau-

cho wears a poncho and chiripá and the city 

dweller is dressed in the latest European fashion. 

If the garments worn by a leader explicitly 

demonstrate his modernity, then the same prem-

ise extends to the people governed by this leader. 

Sarmiento announces that like Facundo, if the 

Sultan of Turkey Abdul Medjil wants to bring 

civilization to his people, he would dress in a suit 

and tie and leave behind his turban, trousers, and 

caftan (133).  

Nonetheless, Sarquis represents Facundo 

as a man who struggles for the progress of his 

people and desires to show the appearance of so-

phistication by cutting his hair and wearing a suit 

and tie and leaving his poncho and chiripá aside. 

The director demonstrates that the people closest 

to Facundo also dress in a “civilized” manner, 

contrary to what Sarmiento observes. Overall, 

Sarmiento depicts Quiroga as a malevolent and 

ignorant gaucho while Sarquis depicts him as a 

generous and cultured man. Sarquis goes a step 

further and displays Facundo’s aspiration to unite 

and educate the country. For this purpose, the di-

rector places Facundo and Juan Bautista Alberdi, 

an intellectual of the 1837 Argentine Generation, 

in a scene discussing the possible ways in which 

to educate the country. Alberdi proposes, in this 

scene, a barbaric democracy where the people of 

the plains are permitted to continue the gaucho 

lifestyle, but they would have better education. 

Sarquis contradicts Sarmiento directly by show-

ing this as the possible intention of Facundo. 
   

Conclusion 

 
By countering Sarmiento’s idea that Fac-

undo is like the barbaric “Oriental other,” Sarquis 

manages to humanize Facundo’s image. With this 

change, the audience does not see the exotic or 

the “other” that Sarmiento intended to show in 

the first pages of his essay. In Sarquis’s film, 

Facundo is an old, arthritic man, with a fear of 

dying because of the disease or due to the betray-

al of his friends. In fact, by demystifying Fac-

undo, Sarquis shows the audience the viewpoint 

of the “other”; the “other” becomes the natural, 

thereby altering the roles of civilization and bar-

barism. 

Accordingly, Sarquis completes his por-

trayal of Facundo by contrasting the new image 

to that proposed by Sarmiento. The director 

shows Facundo and the gauchos in a less critical 

manner and identifies them as common men who 

seek to raise and unite the country through educa-

tion and religion. Sarmiento, as a politician, 

forms his argument around a notion of oriental-

ism popularized by European writers. Subse-

quently, the author casts the “other,” the gauchos, 

to manipulate their image to favor his politics. 

Sarmiento’s politics seek to educate the country 

and end the “barbarism” of the Federalist by bet-

ter integrating European civilization into Argen-

tina. As a result, Sarmiento defends his politics 

by utilizing the Orient as the basis of comparison 

of barbarism with the Argentine Pampa. In spite 

of Sarmiento’s alteration of society, Sarquis takes 

the gaucho and the Federalist point of view to 

defend the gaucho lifestyle by presenting his au-

dience with the viewpoint of a humanized “other” 

that modifies the perspective of civilization and 

barbarism. In conclusion, Sarmiento reflects a 

disdain for everything that comes from the Orient 

and its manifestation in his own country and Sar-

quis revives the indigenous because it is an inte-

gral part of Argentina. 
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Abstract.  This paper explores the feasibility for an undergraduate leadership studies pro-
gram to be established at Florida Atlantic University (FAU).  Insight was obtained 
through focus groups and phone interviews to help explore the level of interest there is 
for a leadership studies program at FAU, along with helping gauge what worked best at 
other institutions that have established leadership studies programs on their campuses.  
We gained information by asking students what they believe are three skills and attributes 
of an effective leader and were able to discover that communication, motivation and hon-
esty were the most prevalent.  When we asked students what had benefitted them the 
most in the Introduction to Leadership course (LDR 2010) and what benefits could come 
from a leadership studies program, they stated that the top benefits were real world appli-
cation and career goals.  Finally, when asking about the level of interest in having a pro-
gram on campus, we found there was an overall interest from the students.  We also 
spoke with individuals who serve as coordinators for leadership programs at four institu-
tions similar to FAU’s structure in the sense that it is a public, state funded university.  
By speaking to these individuals, we were able to gauge what is working for their leader-
ship programs and how they structured the programs in terms of credits and where the 
program is housed.  With the data we collected, we saw there is in fact a desire for estab-
lishing a leadership studies program at FAU, with an emphasis on making it interdiscipli-
nary. 

 

 
Introduction 
 

Helping students develop the integrity and 
strength of character that prepares them for lead-
ership may be one of the most challenging and 
important goals of higher education” (King, 1997, 
p.87).  The Council for the Advancement of 
Standards in Higher Education states that “re-
gardless of differences in academic discipline, 
organizational affiliation, cultural background, or 
geographical location, students must be better 
prepared to serve as citizen leaders in a global 
community” (Council for the Advancement of 
Standards in Higher Education, 2012, p. 2). The 
Office of Student Involvement and Leadership 
(SIL) has played an integral part in educating stu-
dents on effective leadership practices and pre-
senting opportunities for them to expand and de-
velop as student leaders.  Within the last two 
years, SIL has seen a 37% increase in student par-
ticipation and expansion of new programs (Flori-
da Atlantic University, 2013).   

The department uses The Five Practices of 

Exemplary Leadership model formulated by Jim 

Kouzes and Barry Posner for their annual student 

leadership conference, which is one of the largest 

leadership programs offered.  The authors express 

that “though each student leader is a unique indi-

vidual, there are shared patterns to the practice of 

leadership.  And these practices can be learned” 

(Kouzes & Posner, 2008, p. 4). The concept that 

leadership can be learned in the classroom came 

to life at FAU in the spring of 2013 when SIL, in 

joint efforts with the Division of Student Affairs 

and the College of Education, launched the first 

sections of LDR 2010: Introduction to Leader-

ship.  This course exposes students to the basic 

foundation of leadership and its application to 

college experiences in student leadership roles.  

In its first semester, there were only five sections 

of the course and by the Fall 2013 semester that 

number had increased to nine sections.  This 
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course has been integrated into the Certified Stu-

dent Leader Program, an already existing initia-

tive offered by SIL, to serve as a more formalized 

training program in its broader curriculum toward 

fulfillment of the first requirement to receive cer-

tification as a Certified Student Leader.  These 

initiatives serve as a catalyst to the development 

of an undergraduate leadership studies program.

 Currently, FAU does not offer an under-

graduate leadership studies program.  Many insti-

tutions within Florida and across the nation have 

already established a leadership minor or leader-

ship certificate program.  In a recent article look-

ing at measuring student leadership, Barry Posner 

notes that “leadership development is now an in-

tegral part of the educational program of college 

students” (Posner, 2012, p. 1). In exploring the 

ways to provide students with skills and educa-

tion that will help them be more effective leaders 

during their time in college and after, the research 

considers the feasibility of adding a leadership 

studies program to FAU’s academic offerings. 

Additionally, research indicates that students can 

and do increase their leadership skills during their 

college years (Pascarella & Terenzini, 2005). The 

purpose of this research was to interpret to what 

degree there is an interest for a leadership minor 

at Florida Atlantic University, and to gain insight 

regarding the actual development and structure of 

the program.  More specifically, we sought to ex-

plore what students see as three skills and attrib-

utes of an effective leader, how the LDR 2010 

course has assisted them in their leadership pur-

suits, the structure that the future program could 

entail, and the benefits this training could provide 

the students during and after college.  We also 

looked to other universities to provide details re-

garding their process to form and maintain the 

leadership studies programs on their campuses.  

 
Methodology 
 

The methodology that was used for this 
research was qualitative.  The methods that were 
used included focus groups with student leaders 
on campus and phone interviews with coordina-

tors of leadership studies programs at public insti-
tutions that showcase a variety of program struc-
tures.  
 
Focus Groups 
 To carry out the data collection we held 
eight focus groups made up of various student 
leaders on campus.  The student leader pool con-
sisted of leadership ambassadors, orientation 
leaders, resident assistants, members of athletics, 
and students who have taken the LDR 2010 
course.  These student leaders were recruited via 
email, signed consent forms, and were notified 
that their participation was entirely voluntary. 
The student sample population ages ranged from 
18 to 26 years and were made up of both female 
and male students.  In total, 64 students were sur-
veyed within the eight focus groups. 
 The execution of the focus groups started 
with an introduction to the students of our re-
search team and the purpose for doing this re-
search.  Each student was given a consent form to 
sign as the sections were quickly briefed.  Once 
the forms were signed the focus group began by 
the authors going through the research questions 
and having students who volunteered and con-
sented answer the questions.  Other research team 
members took notes in each of the groups to col-
lect the data.  Once all the research questions 
were asked, the floor was opened for questions 
from the participants.  At the conclusion of the 
focus group the participants were informed again 
of the purpose of the research and contact infor-
mation was given in case they wanted to hear 
more about the research or had any further ques-
tions. 
 
Phone Interviews 
 To carry out this portion of the data col-
lection, phone interviews were held with coordi-
nators of four public universities that already 
have a leadership studies program established at 
their respective institutions.  These individuals 
had each been a key member of developing their 
programs and/or are currently helping manage the 
program on a daily basis.  Both male and female 
individuals comprised the sample population in 
these interviews and all are professional staff 
members or instructors at their respective univer-
sity. The execution of these phone interviews 
started by emailing time slots of availability to 
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Figure 1 Wordle of skills and attributes of 
an effective leader as reported by student 
leader participants in this study. 
 

the coordinators and scheduling a time to speak 
with them over the phone.  During the interview, 
the research team presented the purpose of the 
research and the main goal of interviewing them 
for the research project.  Each individual was 
asked the same set of questions concerning the 
structure of their leadership program, how it was 
developed, and what college or department the 
program is currently located.  All of the answers 
were recorded by hand or typed by members of 
our research team.  At the conclusion, any other 
clarifying questions were asked and the inter-
viewee was asked if they had any further ques-
tions for the team.  They were then thanked for 
their time and information to help the pursuit of 
developing a program on our campus. 
 
Results 
 

The results of this study are presented be-
low, organized by data collection type and then 
by research question.  Results were then com-
pared to the leadership studies work of Kouzes 
and Posner (2008). 
 
Focus Group Findings 
What are the three skills and attributes of an ef-
fective leader? 

This question was asked as way to gauge 
what students see in leaders.  In creating a leader-
ship studies program, it is important to note what 
attributes and skills students see as effective and 
to look to incorporate that in some way, shape, or 
form in the curriculum.  According to a Wordle, a 

word cloud compilation that graphically repre-
sents data by increasing the size of words by fre- 
quency of use in text (see Figure 1), the four most 
mentioned skills and attributes were communica-
tion, honesty, motivation, and humility.  The 
most frequently noted skill, communication, was 
described by students as being vital when work-
ing with others in a group or team setting to ac-
complish something.  This showcases “an insight 
that all exemplary student leaders share: Vision 
comes from relationships with others” (Kouzes & 
Posner, 2008, p. 50). 

 
How has the LDR 2010 course assisted students 
in their leadership pursuits? What do students 
believe could be the benefits of having a minor in 
leadership studies? 

We asked students to explain to us the 
benefits of taking the LDR 2010 course and what 
they believe could be the benefits of having a 
leadership minor at FAU. During the focus 
groups, we found that what students felt assisted 
them in their leadership pursuits also was a fore-
seen benefit of having a leadership minor, as seen 
in Figure 2.  Students stated that real world appli-
cation, gaining perspective on leadership theories, 
personal development, and developing effective 
communication skills were all key benefits.  The 
authors of the textbook used in the Introduction to 
Leadership course state that “effective leaders 
know what they do best and apply their strengths 
in all aspect of their lives” (Komives, Lucas, & 
McMahon, 2013, p. 164). More specifically, a 
large number of students felt that the 
StrengthsFinder (an online assessment, 
www.strengths.gallup.com, used to highlight a 
person’s strengths and strategies for applying 
their strengths) component of the course was 
most useful to them in understanding themselves 
as leaders. 

 
To what degree is there an interest for a leader-
ship minor here at FAU?   

When asking this particular question, we 
listed all potential options (highly interested, 
somewhat interested, and not interested) and then 
had students raise their hand for their selection.  
Only 9% of the sample population was “not inter-
ested” as seen in Figure 3.  Many students ex-
pressed their lack of interest for the potential of a 
leadership minor was due to the fact that they 
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Figure 2 Bar graph of what students stated as benefits of the LDR course and having a 
leadership minor. 
 

Figure 3 Pie chart of showing level 
of interest in having a leadership 
minor at FAU. 
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would be graduating in the upcoming semesters.  
The other 91% of the student sample population  
 

 
 
 
 
 
 

 

was highly or somewhat interested in having a 
leadership minor. 
 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
Phone Interview Findings 

How did other institutions develop their 
leadership studies program?  Figure 4 [on page 
32] serves as a summation of the data gathered 
from four public institutions that have imple-
mented a leadership studies program.  The indi-
viduals interviewed at these institutions are cur-

rently involved with the coordination and man-
agement of the program on their campus.  When 
compiling background information, we created a 
spreadsheet database of all the schools that had 
leadership studies programs and then requested 
interviews.  The four institutions’ responses fol-
low below. 

At Florida State University they currently 
have a certificate program. “The Undergraduate 
Certificate in Leadership Studies is an 18 credit, 
interdisciplinary, multidimensional, and experien-
tial program open to all Florida State Undergrad-
uate students” (The Center for Leadership and 
Social Change, Florida State University, n.d., pa-
ra. 1). Advising for this program comes from the 
Center for Leadership and Social Change at FSU.  
The development of the program came about 
when the Southern Association of Colleges and 
Schools (SACS) made the recommendation to the 
university as a way to merge academics and lead-
ership.  Following the SACS recommendation, 
the program was created in a time span of one 
year.  While their program is not based around 
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any one particular theoretical framework, they 
base their curriculum around four contexts; indi-
vidual, partnership, groups, and community.  
Their concerns with the program have been the 
influx of students and the inability to afford in-
structors to teach leadership courses. 

At University of South Florida (USF) they 
currently have a leadership minor.  “The Leader-
ship Studies Program is interdisciplinary in nature 
and is a significant benefit to students in all areas 
of study” (Center for Leadership and Civic En-
gagement, University of South Florida, n.d., para. 
1). Advising for this program comes from the 
Center for Leadership and Civic Engagement at 
USF.  The program has been at USF for 14 years, 
has remained steadfast, and is growing.  The 
Dean of Undergraduate Studies and the Director 
of Leadership and Civic Engagement, at the time, 
had the vision to create the program and it took 
them a year and a half to implement it and offer it 
to students.  Their curriculum is based on the 
framework of the Social Change Model by Susan 
Komives.  Their main concern with the program 
is locating funding to pay for adjunct professors. 

At the University of Central Florida 
(UCF) they currently have a leadership minor.  
“The Leadership Studies (LS) minor focuses on 
specific aspects of leadership involving commu-
nication, collaboration, social relations, politics, 
and ethics” (The Leadership Studies Program, 
The University of Central Florida, 2008, para. 1).  
The Leadership Minor is actually the 17th largest 
minor at UCF and is housed in the Interdiscipli-
nary Studies Department (Faculty in Student 
Leadership Development, telephone interview, 
Feb. 24, 2014). Advising comes from one advisor 
who is split between interdisciplinary studies and 
student affairs.  Leadership courses have been 
taught at UCF since 1995.  Their LEAD Scholars 
program was the first step towards the creation of 
the minor.  The program came into development 
due to collaboration between the faculty senate 
and various deans across campus.  Their curricu-
lum is also based on the theoretical framework of 
the Social Change Model.  The main concern 
with this program is the funding aspect in regards 
to paying adjunct faculty. 

At Iowa State University they currently 
offer a leadership certificate. “This interdiscipli-
nary certificate program utilizes university cours-
es offered in a variety of academic disciplines to 

provide a strong foundation and appropriate expe-
riences for undergraduate students who plan to 
become community leaders and engage in public 
service—regardless of their profession—in the 
public, nonprofit or private sectors” (Iowa State 
University, 2014, para. 1). Advising for this pro-
gram occurs with a student’s own academic advi-
sor in their college.  Advising is also offered from 
the Catt Center for Women and Politics.  The 
program consists of 21 credits.  It took a total of 
five years for the program to be offered to stu-
dents.  Four years were spent compiling the pro-
posal and then once it was submitted the approval 
process took one year.  This curriculum is based 
around the theoretical framework of the Social 
Change Model as well.  The main concern with 
the maintenance of this program is they currently 
do not have a leadership studies department and 
their instructors are all temporary. 
 

 
 
 
 
Conclusion 
 
        Based on the results of the focus groups, it 
can be concluded that the participating students 
showed an overall interest in having a leadership 
studies program developed at FAU.  It is said by 
Kouzes and Posner (2008) that “leadership is an 

Figure 4 Summation of data col-
lected from phone interviews. 
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identifiable set of skills and abilities that are 
available to everyone” (p. 3).  With leadership 
education opportunities offered from several col-
leges of the university, it is appropriate and bene-
ficial that it is made even more accessible to all 
students by a leadership studies program on cam-
pus that is not centered around one discipline, but 
rather, is interdisciplinary in nature. Already hav-
ing an existing introductory course (LDR2010) 
on campus, the students said that it has been ben-
eficial to their leadership pursuits so far; there-
fore, having more classes available through a 
leadership studies program can lead to more ben-
efits to students.  This gave the researchers great 
insight into students’ perspectives on leadership 
development and showed what the students are 
getting out of the introductory course currently, 
as well as what they project students could get 
out of a larger leadership studies program.  

The information gathered from the other 
universities surveyed over the telephone gave the 
researchers perspective on how to structure a 
program at FAU in terms of how many credits to 
include, how long it could take to develop a pro-
gram, and what general concerns might arise in 
maintenance of a program (Detailed in Figure 4).  
The results also provided insight into potential 
future steps for research and program develop-
ment by exploring the many varieties of leader-
ship studies programs in existence and gaining 
first hand feedback from the program coordina-
tors.  

Now that the preliminary research has 
been completed the next steps toward designing a 
leadership studies program can begin.  Based on 
our findings that show the favor of a leadership 
studies program to be created at FAU, and the 
literature that indicates the expansion of curricu-
lar leadership programs to over 1,000 nationally 
(Dungan & Komives, 2012, p. 6), it is our con-
clusion that we move forward with developing a 
full program proposal to establish a leadership 
studies program at FAU. The academic home that 
is being considered to house this new program is 
the Higher Education Leadership Department in 
the College of Education.  In order to do this and 
move into implementing this program at FAU, it 
is necessary to engage in conversations with fac-
ulty in a second phase of this research initiative.  
As FAU President, Dr. John Kelly, stated in an 
interview with Michael Williams from WPTV, 

“the business community is always looking for 
more than just the book knowledge, they are 
looking for kids [students] who understand how 
to work in teams, and they are looking for kids 
[students] who exhibit leadership skills, problem-
solving skills...” (WPTV Channel 5, 2014) and he 
wants to see implementation of more of these 
skills at FAU.  This shows the need and desire for 
leadership skill development at FAU from senior 
leadership. “Leadership is everyone’s business” 
(Kouzes & Posner, 2008, p. 21), and having a 
leadership studies program at FAU will allow that 
notion to be learned, understood, and practiced by 
students of all walks of life so that they can see 
leadership through different eyes and become a 
more effective leader themselves.  The standards 
set by Council of Achievement Standards in 
Higher Education say that “because students ex-
perience leadership in many different settings- in 
and out of the classroom, on and off campus, 
through social media, virtually every student en-
gages in some type of activity that involves the 
practice of leadership” (Council for the Ad-
vancement of Standards in Higher Education, 
2012, p. 2). Leadership is a practice that every 
student exhibits, whether it is evident or not, and 
all students have the potential to improve their 
leadership skills and be more effective.  This re-
search showcases the desire to bridge the gap be-
tween existing leadership education and academ-
ics at FAU. 
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Pan's Labyrinth (2006) and the Use of Fantasy as an Alternative Interpreta-

tion of the History of Spain under Franco's Regime  
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Abstract.  Following the death of Francisco Franco in 1975, Spain transitioned into a 
democratic form of government that exhibited  a similar polarization that lead to the Civil 
War in that country in June 1936. An example of this division is the question of what to 
do with the memories of abuses committed by Franco from 1939 until his death. Guiller-
mo del Toro explores this issue in his movie Pan’s Labyrinth (2006). The film tells the 
story of a young girl, Ofelia, who employs her imagination in order to envision a past 
without the oppressive Francoist step-father, Captain Vidal. This paper analyzes Del To-
ro’s use of fantasy as a resource to showcase an alternative interpretation of the history of 
Spain that challenges and subverts in most of the cases Franco’s official version of the 
war.

  

In Pan’s Labyrinth the main protagonist, 

Ofelia, utilizes her imagination to challenge the 

official history that former dictator Francisco 

Franco, who manipulated historical facts to hide 

the versions of those that fought and lost during 

and after the Civil War (1936-1939), imposed in 

Spain for a long time. This historical subjectivity 

brings to mind historian Julian Casanova’s dif-

ference between “traditional history” and “social 

history.” In his article “Los límites de la objeti-

vidad y el desafío posmodernista,” Casanova dif-

ferentiates between traditional history, which is 

always “unquestionable” and consolidates with 

the hegemonic paradigms, and social history, the 

“other” history that tries to shed light upon ver-

sions that traditional history rejects (334). Casa-

nova points out: 

 

La historia social rescató a todos 

aquellos individuos y grupos sin 

historia, que nada contaban para el   

historiador tradicional. Sacó a la luz 

lasestructuras de desigualdad social y 

abrió todos los caminos que después     

transitaron la microhistoria, 

las historias de la vida cotidiana o las     

diferentes reivindicaciones 

culturales de la vuelta del sujeto. (334). 

 

Casanova evaluates the empirical aspect of histo-

ry and the impossibility of having just one histo-

ry that is unique, and unquestionable. According 

to Casanova, not everybody participates in the 

making of a legitimate and official history. By 

differentiating between the social and the tradi-

tional, Casanova is already signaling that totali-

tarian ideologies and elite groups constantly ma-

nipulate the historiographical process. Following 

a similar trend, Hayden White suggests that ideo-

logies and historical discourses are intertwined 

with each other, which influences how past 

events are to be represented as well as what is to 

be excluded. For White, “when either the subject 

matter, the aim, or the mode of representation is 

lacking in a discourse, it may still be a contribu-

tion to knowledge but it is something less than a 

full contribution to historical knowledge” (5). It 

is this impulse to question the manipulation of 

history as indisputable that Guillermo del Toro 

investigates in his movie Pan’s Labyrinth, which 

remains a controversial movie for many of its 

critics, particularly for its technique used to ex-

plain the past of the history of Spain. For certain 

critics, the ending steps away from what actually 

happened: the defeat of anti-francoist groups. 

Anne Hardcastle, for instance, assures that the 

ending of del Toro’s The Devil’s Backbone, a 

movie with a very similar ending that of Pan’s 
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Labyrinth’s, is problematic in historical terms: 

“The distortions of history that we see in the film 

also correspond to an erasure of the ideological 

fractures in Spanish society during the Civil 

War” (127).
 6

 Likewise, Ellen Brinks points out 

that the endings of del Toro’s films are idealistic 

and reflect what could have happened instead of 

what actually happened during and after the Civil 

War: “[Del Toro’s films] can be said to alter 

what was in favor of what might have been, con-

verting the subjection to cruelty into solidarity, 

disunity into royalty, [etc.]” (307). But what 

these critics have not considered thoroughly is 

that he changes historical facts through fantasy 

because he wants to introduce the possibility of 

change in historiography, instead of maintaining 

the continuity and the Francoist legacy that the 

main antagonist of the movie, Captain Vidal, im-

poses upon his subalterns. This essay argues that 

Ofelia uses her imagination not necessarily as a 

refuge, but rather as a tool to glance upon a ver-

sion of reality that subverts the oppressive sys-

tem of Vidal and Franquism. 

    In order to analyze how Ofelia utilizes 

fantasy as a weapon to challenge Vidal, it is nec-

essary to first ask ourselves how fantasy is used 

and represented in the movie and how such rep-

resentations emphasize Ofelia’s purpose of in-

quiring about her past. Throughout Pan’s Laby-

rinth, fantasy always appears as something limi-

nal: not completely real or fully imaginative, but 

as something ambivalent where both reality and 

fantasy complement each other. This ambiva-

lence recalls theorist Tzvetan Todorov’s book 

The Fantastic: A Structural Approach to a Liter-

ary Genre. In this book, Todorov defines fantasy 

in the following way: 

 

                                                 
6
 On repeated occasions, Del Toro himself has referred to 

The Devil’s Backbone as the “brother movie” of Pan’s Lab-

yrinth because of their common themes, such as the forgot-

ten history of the oppressed. The Devil’s Backbone narrates 

the life of Carlos and his residence in an orphanage where 

he enters in a dialogue with a ghost of a boy, Santi, who 

was murdered by one of the orphanage’s staff at the start of 

the Civil War. It is Carlos’s duty to bring the secret to light 

and avenge Santi’s death. 

  In a world which is indeed our world 

 […] there occurs an event which  

 cannot be explained by the laws of this 

 same familiar world. The person who 

 experiences the event must opt for one

 of two possible solutions: either he is 

 the victim of an illusion of the senses,

 of a product of the imagination […] or 

 else the event has indeed taken place, it 

 is an integral part of reality – but then 

 this reality is controlled by laws  

 unknown to us. (25) 

 

Todorov sees fantasy not as merely imaginative, 

but rather as an ambivalent entity, another di-

mension that allows us to see beyond the laws of 

the world and accept the possibility that there are 

unknown forces that affect our rigid reality full 

of “natural” laws. Todorov’s theory of ambiva-

lence thus coincides with del Toro’s definition of 

fantasy and his analysis of how Ofelia navigates 

through such ambivalence. In his own commen-

tary of the movie, included in the 2006 edition of 

the DVD set, he asserts: “it could be fake, it 

could be all in her head, as it could be real. As 

the movie progresses, though, it becomes more 

apparent (to me) […] that it is real, that the girl 

truly is going through that transformation and 

truly has encountered these magical creatures.” 

By emphasizing Ofelia’s metamorphosis, del To-

ro is implying that the young girl uses fantasy to 

fight against a reality that refuses to recognize 

such magical creatures and thus the possibility of 

an alternate world. But del Toro also mentions 

that her transformation could have never hap-

pened. In other words, del Toro is giving us the 

right to choose. For del Toro, it is essential that 

we choose what to believe and what paths to fol-

low, something unthinkable in Francoist Spain. 

Del Toro intertwines the ambivalence of fantasy 

with that of historical subjectivity to demonstrate 

that during the dictatorship there were several 

historical versions that were never incorporated 

in the official version of the country’s history. 

      The fantastic world offers a very useful 

mechanism that allows Ofelia to occupy an im-
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portant role in the movie and to recuperate her 

status in a Francoist society that seeks to margin-

alize her on the basis of being both young and 

female. From the start, del Toro juxtaposes the 

fantastic with a marginal space that only Ofelia 

can understand. Her mother, unable to imagine a 

world other than a misogynistic one, advises her 

daughter to not waste her time with fairy tales: 

“ya estás muy mayor para llenarte la cabeza con 

tantas zarandajas.” The contrast between mother 

and daughter in terms of oppression and rebellion 

gives fantasy a subversive tone because it pro-

vides Ofelia with the possibility of analyzing her 

situation and of not submitting voluntarily to Vi-

dal like her mother. 

       Unlike the fantasy world, the real world 

does not offer any alternatives. It is full of rules 

with a despotic man in charge. Captain Vidal 

measures everything with his pocket watch, a 

symbol of oppression that is very common in del 

Toro’s film.
7
 His life is intrinsically linked to this 

artifact that controls everything in an obsessive 

manner, including his son, even to the point of 

sacrificing Ofelia’s mother, Carmen, who is 

pregnant with his son: “Ese niño llevará mi nom-

bre y el nombre de mi padre. Si tiene que escoger 

entre ella o él, sálvelo a él.” Vidal is convinced 

that his baby is going to be a boy and uses Car-

men as a reproductive agent, enforcing the male-

dominated aspect of Franquism. However, an 

important scene is that of the dinner, in which 

Vidal reveals why he is killing all the anarchists 

in the forest: 

 Invitado: Sabemos que no está aquí por

 gusto. 

           Vidal: En eso se equivoca. Yo estoy  

 aquí porque quiero que mi hijo nazca 

 en una España limpia y nueva. Porque 

 esta gente, parte de una idea   

                                                 
7
 The image of the clock is most prominent in Cronos, the 

first movie that del Toro made. Cronos narrates the life of 

Jesus Gris and his discovery of an artifact that can provide 

eternal life to its user in exchange for the very essence of 

life itself: happiness. One characteristic of the artifact is 

that when it’s functioning, it ticks like a clock as it sucks 

the happiness out of its user. 

 equivocada de que todos somos  

 iguales. Pero hay una gran diferencia, 

 que la guerra terminó y ganamos  

 nosotros. Y si para que nos enteremos

 todos hay que matar a esos hijos de  

 puta, pues los matamos, y ya está. 

  

For Vidal, it is essential to keep his masculine 

and authoritarian genealogy through his son (and 

by extension, Franquism), and thus keep that tra-

ditional, undisputable history full of subjective 

ideologies that Casanova mentions in his essay.  

      Another contrast in the movie is the po-

larization between Ofelia and Vidal represented 

by geometrical figures. Whereas Vidal’s sur-

roundings are governed by straight lines, perpen-

dicular or parallel, especially during the dinner 

with the guests, Ofelia’s is filled with circles. 

The circles are spread throughout Ofelia’s fanta-

sy world, whether it is the house’s bathroom or 

the face and horns of the faun. But the most im-

portant geometrical symbol is the labyrinth itself. 

In an interview, del Toro offers an interpretation 

of the labyrinth that helps us understand its sig-

nificance in the movie: 

 

  The labyrinth is a very, very powerful 

 sign. It’s a primordial, almost iconic  

 symbol[…]A labyrinth is[…] a  

 constant transit of finding, not getting 

 lost. It’s about finding, not losing your 

 way[…]It’s a place where you do sharp 

 turns and you can have the illusion of 

 being lost, but you are always doing a 

 constant transit to an inevitable  

 end[…]A labyrinth may have the  

 illusion of a dead end,  but it always  

 continues. (Clark y McDonald 61) 

 

  As del Toro suggests, the labyrinth repre-

sents a desire to choose which paths to follow, 

which decisions to make, knowing that even after 

one makes a decision, the labyrinth has an inevi-

table end. In any case, what does matter is how to 

reach the center. In the movie, Ofelia has the op-

tion to choose how to analyze her past while Vi-
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dal bases his world only on the “official” history 

of Franco in a straight, schematic line. In addi-

tion, circles symbolize a return to a beginning 

and the subversion of the empirical and methodi-

cal way of making history. 

      In the fantastic world, Ofelia’s first task 

consists of acquiring a key from a frog that lies 

under a tree. In this task we see how the young 

girl uses fantasy as a tool to reflect upon her sta-

tus in a Francoist society. The book of Cross-

roads, which shows Ofelia the tasks to be carried 

out as well as her inner thinking process, tells 

Ofelia that near a tree there once coexisted ani-

mals, men, and other magical creatures in har-

mony, but one day a frog came and killed the 

tree, destroying the Eden-like scenery of the for-

est. It is now Ofelia’s task to heal the tree by kill-

ing the frog and retrieving a key that lies in the 

frog’s guts. As Ofelia is performing her task, it is 

also worth mentioning that she disobeys conven-

tional gender norms of the time by staining her 

clothes with dirt, which is ironic because her 

mother was a seamstress
8
. Before the task begins, 

Carmen gives Ofelia a dress for the dinner of that 

same night, but Ofelia disobeys her mother’s or-

der to stay pretty and gets dirt on the dress while 

saving the tree. Ofelia’s dirty dress represents her 

rebellion against the female submissiveness that 

Vidal shovels upon her mother, who internalizes 

his orders and forces her daughter to follow 

along. Thus, as Ofelia is saving the tree and kill-

ing the frog, she is also rebelling against the 

submissive role of women in the movie. Ofelia 

prefers to get dirty and let insects walk on her 

back to obeying Carmen’s orders and being as 

submissive to Vidal as she is. Vidal is desiccat-

ing Ofelia’s mother who represents the rotten 

tree that is slowly decaying and is being split in 

half between loving her daughter and following 

the norms. This, in turn, represents a dying and 

                                                 
8
 In the commentary of the movie included in the DVD set, 

del Toro has compared Ofelia to Alice from Alice in Won-

derland and has used this scene as example. Del Toro men-

tions that Ofelia is very similar to Alice because Alice re-

bels against Victorian society’s gendered norms much like 

Ofelia rebels against Francoist’s norms of female behavior. 

fragmented Spain whose dictator is killing it and 

consuming it from the inside.  

      The second task is much more complicat-

ed than the first, since the fantasy world becomes 

more and more fused with the real one. The mon-

ster’s table is almost a copy of Vidal’s dinner 

table with its huge amount of food. The faun be-

comes more dictatorial, tells Ofelia that her 

mother’s sickness is no excuse for negligence, 

and orders her to continue with the task. The 

straight lines also surround the monster’s lair: the 

table, the chimney, and even the shape of the 

monster, with his elongated arms and straight 

legs. The close resemblance between the fantas-

tic and the real makes this task a very liminal one 

in which Ofelia walks on a very thin line. In this 

task, Ofelia disobeys the faun’s orders for the 

first time and eats grapes, which are circular. 

However, the most important symbol is the dag-

ger, which Ofelia gets from a locked box. This 

dagger becomes an important rebellious symbol 

because Ofelia gets it by her own judgment and 

because it allows her the right to choose and 

make mistakes, as critic Deborah Levine states, 

“the dagger accrues power as a symbol of liberty, 

strength, and justice” (123). When the faun rep-

rimands her, he takes the dagger away from her 

to enforce his authority, which makes us believe 

that the fantasy realm is far from being just a be-

nevolent shelter for Ofelia. 

      During the second task, Ofelia realizes 

that the faun is not as magnanimous as she may 

have thought he was and that the fantastic world 

can be just as dangerous as the real one, which 

signifies that both fantasy and reality share a 

despotic essence within them. While he is guid-

ing the young girl, the faun, in many ways, 

shares the same characteristics of Captain Vi-

dal’s, such as his lack of consideration towards 

others, and his authoritarian tendencies. For ex-

ample, when Ofelia disobeys him during her sec-

ond task, the faun threatens her and verbally mis-

treats her. Moreover, what does make the faun a 

truly malevolent character is when he demands 

Ofelia to give him her brother so that he can 
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puncture him with the dagger to open the portal: 

 

El fauno: ¡Prometisteis obedecerme sin 

chistar! Entregadme al niño 

Ofelia: ¡No! Mi hermano se queda con-

migo 

El fauno: ¿Sacrificaréis vuestro derecho  

sagrado por este mocoso, al que apenas 

conocéis? 

Ofelia: Si, lo sacrifico 

El fauno: ¿Le daréis vuestra cuna por él? 

¿Él, por quien habéis sido humillada e  

ignorada? 

Ofelia: Si, la niego 

El fauno: Hágase pues vuestra voluntad, 

alteza. 

 

This scene is very similar to the one where Vidal 

demands his soldiers to kill a couple of hunters 

whom he thought were rebels. In the same way, 

the faun orders Ofelia to sacrifice her brother. 

For a moment, the faun seems to have no sympa-

thy towards the girl. 

      The most important task is the last one 

because Ofelia rebels against Captain Vidal and 

the faun by refusing to give them her brother. By 

sacrificing her own life to save her brother’s, 

Ofelia, like her mother, uses protection in a ma-

ternal way. But unlike her submissive mother, 

she uses her maternal instinct to fight off oppres-

sion, both from Vidal and the faun. Once again, 

we see the ambivalence towards fantasy suggest-

ed by Todorov when we see one version of Ofe-

lia dying in the real world and another version 

being reincarnated in the underground kingdom. 

Once she is fully reincarnated as the princess 

Moana, her father tells her that she sacrificed 

herself instead of her brother, which was the 

third and most important task: “Habéis der-

ramado vuestra sangre antes que la de un inocen-

te. Esa era la última prueba, la más importante.” 

For the father, it was essential that his daughter 

still had that altruistic essence that Vidal tried to 

take away by calling Ofelia’s book of fairy tales 

“una mierda.” Her father’s statement also makes 

reference to what the faun told her about the ne-

cessity of the tasks when he first met her in the 

labyrinth: “Tenemos que asegurar que vuestra 

esencia no se ha perdido. Que no os habéis vuelto 

una mortal.”  Now that Ofelia is fully reincarnat-

ed, the faun appears from behind a pillar and tells 

her “habéis elegido bien, alteza.” With these 

words, the faun reveals to us that his malevolent 

and authoritarian character was a test to see if 

Ofelia was able to challenge him and, in that 

way, break with the tradition of obedience that 

Franco instilled in Spain by erasing any historical 

reference that challenged his ideologies. Moreo-

ver, the narration becomes circular when we real-

ize that the image of Ofelia on the ground with 

her nose bleeding is the same one that we see at 

the beginning of the movie. The circular, then, 

acquires the new meaning of going back to the 

past in order to inquire about the historical past. 

As with fantasy, its presence in the movie repre-

sents rebellion, imagination without limits, and 

the opportunity to analyze history without some 

authoritarian presence telling us how to remem-

ber. 

       The movie represents the possibility of 

change and the desire to trace a historical version 

different from the one that Franco cultivated in 

the minds of Spanish people. Del Toro’s desire to 

investigate the subjectivity of history sprouts 

from a tradition of critics, writers, filmmakers, 

and historians who try to dismantle the illusion 

that history is a field where only facts and the 

unquestionable are to be considered. By using 

Ofelia and her obsession with fairy tales as a 

background, del Toro utilizes fantasy as a re-

source to showcase an alternative interpretation 

of the history of Spain which challenges and 

even subverts the official version of the war dur-

ing Franco's regime. 
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Abstract.  Anoxia occurs when cells are deprived of oxygen. Throughout the animal 
kingdom, organisms respond differently to anoxia. Drosophila melanogaster (fruit fly) 
enters a protective coma that allows it to withstand hours of anoxia. The greatest oxida-
tive stress occurs during the period called reoxygenation. A burst of reactive oxygen spe-
cies (ROS) is produced when oxygen is reintroduced to the cells. In humans, ROS cause 
oxidative damage to critical cellular molecules, which contributes to aging and develop-
ment of age-related neurodegenerative diseases. Methionine, a common amino acid in 
proteins, is especially sensitive to oxidation by ROS. Two methionine sulfoxide reductas-
es (MsrA and MsrB) effectively reduce the methionine sulfoxide residues back to func-
tional methionine. Our lab is investigating a link between the Msr genes and anoxia re-
covery using Drosophila. Currently, little is known about how the absence of Msr activi-
ty affects the ability of Drosophila to recover from anoxia. In this study, MsrA and MsrB, 
single deletion mutants, were exposed to one hour of anoxia and the Drosophila Activity 
Monitor (DAM) recorded their recovery times. RNA interference (RNAi) lines were used 
to mimic the effect of these deletion lines by ubiquitously knocking down Msr expres-
sion. My current data indicates that there was a significant difference in recovery 
time for the MsrA and MsrB single loss-of-function genetic mutants during middle 
age, but not near senescence. Insight into the role(s) of Msr genes under anoxic stress 
could lead to a better understanding of how these genes contribute to aging.  

 

 

 

Introduction 

 
The response of organisms to oxygen 

deprivation, often referred to as anoxia, differs 
throughout the animal kingdom. Mammals only 
tolerate anoxia for a few minutes before undergo-
ing irreversible brain damage [1]. In contrast, the 
fruit fly, Drosophila melanogaster enters a pro-
tective coma that allows it to withstand hours of 
anoxia [2]. Interestingly, the most severe damage 
from anoxia occurs during reoxygenation. This is 
the period when oxygen is reintroduced into the 
system, which leads to a burst of reactive oxygen 
species (ROS), such as superoxide anion (02

-
) 

and hydrogen peroxide (H202) [3]. ROS is also 
produced during normal activities of the cell that 
can lead to cellular damage, especially to lipids, 
DNA, RNA and proteins [4]. ROS and their oxi-
dized protein products are found to be more 
common in older individuals, especially those 
with age-related neurodegenerative disorders like 
Alzheimer’s disease [5]. According to the Free 

Radical Theory of Aging, the accumulation of 
oxidative damage with time is a major contribu-
tor to the aging process [6]. 

ROS is capable of oxidizing several dif-
ferent amino acids, although the two sulfur con-
taining amino acids, methionine and cysteine, are 
most sensitive. Methionine and cysteine are dis-
tinct from other amino acids because their oxida-
tion is reversible [7]. Oxidized methionine, me-
thionine sulfoxide, has two different enantiomers 
since the sulfur atom is asymmetrical within the 
methionine [5]. 

When methionine is oxidized by ROS to 
form methionine sulfoxide, it can be reduced 
back to functional methionine by methionine sul-
foxide reductase (Msr). The enzyme encoded by 
the MsrA gene specifically reduces the S enanti-
omer (met-S-(o)) while the enzyme encoded by 
the MsrB gene specifically reduces the R enanti-
omer (met-R-(o)) of methionine sulfoxide [8]. 
Both of these genes were originally found in the 
bacterium E. coli [9]. In addition to repairing ox-
idative damage to methionine, both the MsrA and 
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MsrB enzymes can function as efficient antioxi-
dants by reducing methionine sulfoxide created 
by a reaction with an ROS back to functional me-
thionine [10]. Thus, the ROS can be destroyed 
before they are able to damage any cellular com-
ponents.  

The genesis of the research interest of the 
lab was the demonstration that overexpression of 
the bovine MsrA gene selectively within the cen-
tral nervous system (CNS) of Drosophila resulted 
in a substantial increase in life span [8]. It was 
thus predicted that overexpression of MsrB 
should have a similar effect. However, an in-
depth analysis showed that overexpression of 
MsrB in Drosophila had no effect on lifespan or 
any other phenotype that was examined [11].  

Our lab found that overexpression studies 
of MsrA and MsrB were unproductive. There-
fore, we changed our experimental approach to 
use classical genetic mutations. A series of MsrA 
and MsrB mutations were created in the lab. 
These mutations are fairly large deletions of the 
promoter and portions of the transcription unit, 
thereby leading to complete loss-of-function 
(LOF) alleles (unpublished data). More specifi-
cally, strains of Drosophila are available that are 
homozygous for wild-type alleles of both MsrA 
and MsrB, homozygous for the MsrA LOF allele, 
homozygous for the MsrB LOF and homozygous 
for both MsrA and MsrB LOF alleles. This last 
strain is, to our knowledge, the only developmen-
tally complex eukaryotic model organism that is 
completely deficient in all known Msr activity.  
Not surprisingly, the phenotype of MsrA and 
MsrB mutants is usually more severe in the pres-
ence of oxidative stress. Our goal is to use the 
genetic and molecular tools available for Dro-
sophila to better understand the underlying mo-
lecular mechanisms. My experiments will focus 
on the response of the Msr mutants to anoxic 
stress. Previous work by Danielle Howard 
showed that overall, single mutations in either 
MsrA or MsrB or mutations in both genes result-
ed in a longer recovery from the protective coma 
induced by anoxia. The average movements of 
both the wild-type and MsrA/MsrB double LOF 
flies were seen to increase with age, but the 
MsrA/MsrB double LOF flies showed varying 
mobility. Overall, the MsrA/MsrB double LOF 
flies have a higher recovery rate in comparison to 

wildtype flies right after anoxic stress was ap-
plied.  

I extended these studies by using single 
deletions lines of either the MsrA or MsrB mu-
tants to determine if these flies show increased 
susceptibility to anoxia as they approach senes-
cence (60-65 days). I also used RNAi lines of 
Drosophila that selectively knock-down expres-
sion of either MsrA or MsrB in a tissue-specific 
manner. The RNAi lines are designed to mimic 
the single deletion lines. For example, I knocked 
down expression of MsrA and/or MsrB ubiqui-
tously in the flies. The results of these experi-
ments provided insight into how oxidative stress 
over the life of the organism can contribute to 
aging and possibly development of age-related 
neurodegenerative diseases.  
 

Data   
 

The wildtype line (WT60) recover sig-
nificantly later as they approach senescence, 
while the MsrA and MsrB mutants reach 
maximum recovery time at middle age (40-45 
days old). 

ROS concentration significantly increases 
during the period after anoxic stress [3], thus the 
role of MsrA and MsrB genes in recovering from 
anoxic stress. The line containing both MsrA and 
MsrB genes (WT60) and single LOF (A90 and 
B54) at three age groups were stressed with an-
oxia for one hour. Their average recovery time 
was analyzed. From the data collected, the WT60 
line recovers significantly later from anoxic 
stress as the fly approaches senescence (Fig 1.A - 
1.C). There is no significant difference in aver-
age recovery time at young age (20-25 days) be-
tween MsrA

+
MsrB

+ 
and either single deletion 

Msr mutant (Fig 1.D). There is a significant dif-
ference in average recovery time between the 40-
45 day old Msr single deletion mutant and  
MsrA

+
MsrB

+
 (Fig 1.E). At 60-65 days, there is 

no significant difference in average recovery 
time between the Msr single deletion mutants and 
WT60 (Fig 1.F). There is no significant differ-
ence in average recovery time after anoxic 
stress between the Msr single deletion mu-
tants, as they approach senescence (60-65 days 
old).  

Preliminary data from a previous Honors 
student, Danielle Howard, has shown that there is 
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no significant difference in average recovery time 
after anoxic conditions between the 35-39 day 
old Msr single deletion mutants. We wanted to 
see whether this insignificance in average recov-
ery time is seen after anoxic conditions as the fly 
approaches senescence. The MsrA and MsrB 
single deletion mutants were stressed for one 
hour under anoxia and their average recovery 
time was recorded via the DAM system. As the 
fly approached senescence there was no signifi-
cant difference observed in the Msr single dele-
tion mutants’ average recovery time when they 
were 20-25 days old, 40-45 days old, and 60-65 
days old (2.A, 2.B, 2.C). The RNAi-A and 
RNAi-B knockdown lines reach maximum av-
erage recovery time after anoxic stress at 
middle age (40-45 days old). 

Because of the increased recovery time 
after anoxic conditions in the 40-45 day old Msr 
single deletion mutants, we began to see if this 
similar pattern is seen in the RNAi-A and RNAi-
B knockdown lines. New genotypes were devel-
oped by crossing the RNAi-A x YW with Act x 
YW to make the RNAi-A x Act (RNAi-A ubiqui-
tous knockdown). The RNAi-B x YW was 
crossed with Act x YW to make the RNAi-B x 
Act (RNAi-B ubiquitous knockdown). The 
RNAi-A and RNAi-B knockdown lines showed 
no significant difference in average recovery time 
at 20-25 days, similar to the 20-25 day old single 

deletion lines. The RNAi-A and RNAi-B knock-
down lines also show no significant difference in 
average recovery time at 40-45 days, contrary to 
the 40-45 day old deletion lines. There is a signif-
icant difference in average recovery time seen 
between the RNAi-A and RNAi-B knockdown 
lines at 60-65 days, contrary to the 60-65 day old 
deletion lines. The RNAi-A and RNAi-B 
knockdown lines show a significant difference 
in average recovery time as they approach se-
nescence (60-65 days old).  

Since we did not see a significant differ-
ence in average recovery time after anoxic stress 
between the Msr single deletion mutants, we as-
sumed the RNAi-A and RNAi-B knockdown 
lines would display a similar pattern. Only the 
20-25 day old RNAi-A and RNAi-B knockdown 
lines did not show a significance in average re-
covery time, similar to the Msr single deletion 
lines. However, the 40-45 day old and 60-65 day 
old RNAi knockdowns contradicted the results 
obtained from the single deletion lines. There 
was no significant difference in average recovery 
time between the two 20-25 day old RNAi 
knockdown lines. There was a significant differ-
ence seen between the single MsrA and MsrB 
knockdown lines of 40-45 and 60-65 days old.  
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Figure 1 Average Recovery Time for MsrA
+
MsrB

+ 
(WT60), MsrA Loss of Function (A90), and 

MsrB Loss of Function (B54) Flies Following Anoxic Stress.  

The wildtype line (WT60) contained expression of both the MsrA and MsrB genes and served as the control line. The 
A90 line had knocked down expression of the MsrA gene and the B54 line contained knockdown expression of the 
MsrB gene. All three lines were stressed for one hour under anoxic conditions, after which their recovery time was 
recorded via the DAM system. There is no significant difference in average recovery time at young age (20-25 days) 
between MsrA

+
MsrB

+ 
line and either single deletion Msr mutant (1.D). A significance of p<0.0001 is observed between 

the 40-45 day old Msr single deletion mutants and the wildtype line (1.E). At 60-65 days, there is no significant differ-
ence in recovery time between the Msr single deletion mutants and wildtype line (1.F).  32 flies that were 20-25 days 
old (1.A), 40-45 days old (1.B), and 60-65 days old (1.C) were tested for each genotype. 

 

 

 

Figure 2 Average Recovery Time for MsrA Loss of Function (A90), MsrB Loss of Function 
(B54) Flies Following Anoxic Stress.  
MsrA LOF (A90) and MsrB LOF (B54) were stressed with an hour of anoxic conditions, after which their recovery 
rates were recorded via the DAM system. There was no significance seen between the A90 and B54 lines at 20-25 days 
(p=0.1791), 40-45 days p=0.1713, or at 60-65 days p=0.8899 (2.A-2.C). 32 flies which were 20-25 days old, 40-45 days 
old, and 60-65 days old were tested for each genotype.   
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Figure 3 Average Recovery Time for RNAi-A x YW, RNAi-B x YW, Act x YW, RNAi-A x Act 
(ubiquitous knockdown of MsrA gene expression), and RNAi-B x Act (ubiquitous knockdown 
of MsrB gene expression) Flies Following Anoxic Stress.  
All five lines were stressed under anoxic conditions for one hour, after which they were placed in the DAM system to 
record their average recovery time. There is no significant difference in average recovery time when comparing the 
20-25 day old RNAi-A x Act and RNAi-B x Act lines with their respective parents, p>.0650 (3.A). There is no signifi-
cant difference in average recovery time when comparing the 40-45 day old RNAi-A x Act and RNAi-B x Act lines 
with their respective parents, p>0.5550 (3.B).There is no significant difference in average recovery time when compar-
ing the 60-65 day old RNAi-A x Act and RNAi-B x Act lines with their respective parents, p>0.0500 (3.C). 32 flies that 
were 20-25 days old, 40-45 days old, and 60-65 days old were tested for each genotype. There were roughly equal 
numbers of countries in each group. 
 

 

 

 

 

Figure 4 Average Recovery Time for RNAi-A x Act and RNAi-B x Act knockdown lines Fol-

lowing Anoxic Stress.  
Both lines were stressed under anoxic conditions for one hour, after which they were placed in the DAM system to 

record their average recovery time. The 20-25 day old RNAi knockdown lines showed no significance in average re-

covery time, p=0.0832. The 40-45 day old RNAi knockdown lines display a significance of p<0.0001 while the 60-65 

day old RNAi knockdown lines display a significance of p=0.0133. 32 flies that were 20-25 days old, 40-45 days old, 

and 60-65 days old were tested for each genotype.   
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Hypothesis and Methodology 

 
The groups of flies that were used have 

the following genotypes: MsrA and MsrB present 
(wild-type) line, MsrA single LOF line, and MsrB 
single LOF line. The following procedures were 
done to determine the average recovery time after 
anoxic stress for these single deletion lines dur-
ing normoxia, anoxia, and reoxygenation. Three 
genotypes of fly were used in this experiment. 
One wildtype line (WT60), one MsrA Loss-of-
Function (LOF) line (A90), and one MsrB LOF 
line (B54). Flies for each genotype were put into 
bottles and allowed to grow for about ten days. 
The flies were then cleared. After five days, the 
male flies were collected and their age was de-
termined to be one to five days old. Only males 
were used for experiments at 20-25 days old, 40-
45 days old, and 60-65 days old. Flies used in the 
“normoxia” samples were not exposed to anoxia 
or reoxygenation. Flies   used as “anoxia” and 
“reoxygenation” samples will be exposed to 1 
hour of anoxia in the anoxia chamber. Average 
recovery time for each fly line were averaged 
using the Drosophila Activity Monitor. The Dro-
sophila were aged from 5 days (young) to senes-
cence. Five genetic crosses were performed. The 
three parental lines, RNAi-MsrA, RNAi-MsrB, 
and yellow white (yw) were used to produce the 
five genetic crosses. The RNAi-MsrA was out-
crossed to yellow white (yw) as the first control 
line. This cross produced the RNAi-MsrA control 
line, for expression of the RNAi-MsrA transgene. 
The RNAi-MsrB was maintained over a balancer 
chromosome, to prevent genetic recombination, 
and was crossed with yw to serve as the second 
control for the “leaky” expression of only the 
RNAi-MsrB transgene. This cross produced the 
RNAi-MsrB second control line. The actin Gal4-
driver line was crossed with yw to serve as the 
third control for expression of only the actin 
driver. Then, the last two lines were primarily 
used to knockout the expression of either the 
MsrA or MsrB gene. The RNAi-MsrA line was 
crossed with an actin Gal4-driver line to ubiqui-
tously knock down expression of the MsrA gene. 
The same effect is applied to RNAi-MsrB when 
crossed with an actin driver. The five genetic 

lines containing the three control lines with ex-
pression of either MsrA or MsrB gene and the 
two expression knockdown lines of either gene 
were placed under normoxia, 1 hour of anoxia, 
and reoxygenation conditions before their aver-
age recovery times were averaged via the Dro-
sophila Activity Monitor. The flies in each re-
spective tube were placed into the anoxia tank. 
The flies were stressed in an anoxia tank contain-
ing only nitrogen gas for 1 hour. The Drosophila 
Activity Monitoring system was composed of 32 
small tubes with holes drilled on one of the sides. 
The purpose of the small holes is for the gases to 
freely flow through the tube. The monitor has 32 
holes in total, one hole for each tube. Every mi-
nute, the monitor recorded the animal’s move-
ments in each tube using an infrared (IR) beam. 
The DAM system was used to record the exact 
time the flies recovered from anoxic stress. The 
first time during reoxygenation when a fly broke 
through the IR beam, that individual fly is con-
sidered “recovered.”  Flies were monitored for 5 
hours of reoxygenation. 

 
Table 1: Msr Single Loss of Function Lines 

  
 
  
 
 
 

 
 

    
 

Line  Genotype  MsrA MsrB 

RNAi-MsrA 
Control 

w; UAS-
RNAi-MsrA/ 
+;+ Present  Present  

RNAi-MsrB 
Control 

w; 
UAS_RNAi-
MsrB/ +;+ Present  Present  

Act-Gal4 
Control  

w; Act5c-
Gal4/ +;+ Present  Present  

Ubiquitous 
MsrA Knock-
down  

w; Act5c-
Gal4/UAS-
RNAi-MsrA;+ 

Not 
Present  Present  

Ubiquitous 
MsrB Knock-
down 

w; Act5c-
Gal4/UAS-
RNAi-MsrB;+  Present  

Not 
Present  
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Results 
 

Our results obtained indicate the MsrA 
and MsrB genes do play a role in recovering from 
anoxic stress, especially in aging. Previous test-
ing on the WT60 and single Msr deletion mutants 
were performed under anoxic conditions. The fly 
lines were aged to 35-39 days and displayed no 
significant difference in average recovery time 
between the MsrA deletion line and MsrB dele-
tion line. Thus, this was the first time our lab has 
aged fly lines past 40 days old. Our findings in-
dicate that there was no significant difference in 
average recovery time seen between the single 
deletion mutants under anoxic stress, as the flies 
approach senescence (Figs. 2A-2C). However, 
the wildtype line increases in recovery time as 
the fly approaches senescence (Figs. 1A-1C). 
This effect may be seen because as the fly ages, 
the fly becomes more susceptible to anoxic 
stress. Thus, this susceptibility causes the fly to 
take longer to recover from this anoxic stress 
with increasing age [14].  
  Our lab wanted to continue this testing to 
determine whether the Msr single deletion mu-
tants display this increase in average recovery 
time after anoxic stress as the fly approaches se-
nescence (60-65 days old). The lab used two ap-
proaches, the single deletion lines and the RNAi 
lines. The single deletion lines are known to be 
accurate as this system takes out the entire gene, 
either the MsrA or MsrB. The RNAi lines knock 
down the expression of the gene, however this 
system may not completely eliminate all of the 
corresponding Msr activity. Our findings show 
that the 20-25 day old Msr single deletion lines 
do not show a significant difference in average 
recovery time in comparison to the wildtype. 
This is most likely due to the flies being young 
and least susceptible to anoxic conditions. How-

ever, when the flies were middle-age (40-45 days 
old), there was a significant difference in average 
recovery time between the single Msr deletion 
mutants and the wildtype line. This indicates dur-
ing the middle-age time period, the flies are more 
susceptible to anoxia and therefore take longer to 
recover from this anoxic stress. The MsrA and 
MsrB genes however do seem to be playing a 
role by causing the flies to recover from the pro-
tective coma, rather than dying following the an-
oxic stress. Contrary to our predictions, the 60-65 
day old Msr single deletion lines recovered faster 
than the 40-45 day old Msr single deletion lines, 
but did not show a significant difference in aver-
age recovery time when compared to the 
wildtype line (Figs 1A-1C). We presume that 
this decrease in recovery time may be due to 
genes other than Msr being activated during this 
time frame. Evolutionary, most of these flies are 
known to not survive past 65 days. Thus, this 
mechanism of activating other genes to recover 
from the anoxic stress and prevent death may be 
the reason the single deletion mutant flies recover 
faster.  

Although the wildtype and Msr single de-
letion lines displayed a significant difference in 
average recovery time at 40-45 days old, there 
was no significant difference seen near senes-
cence (60-65 days). However, when comparing 
the RNAi-A and RNAi-B ubiquitous knockdown 
lines with their parents, a significant difference in 
average recovery time is seen at 60-65 days in-
stead of 40-45 days (Figs 3A-3C). The incon-
sistency with the RNAi lines is most probably 
due to there being residual forms of the MsrA or 
MsrB activity being present in the fly, as only the 
expression of the gene is knocked down. This 
knockdown does not guarantee a 100% removal 
of the genes, thus showing the limitations of us-
ing the RNAi lines. When comparing the RNAi-
A and RNAi-B ubiquitous knockdown lines with 
each other, there is a significant difference in av-
erage recovery time as the flies approach senes-
cence. This result contradicts the data attained 
from the deletion lines, proving that the RNAi 
lines are not an accurate system to use. For future 
work, the RNAi lines will be improved with a 
stronger ubiquitous driver called ArmDa.  
     Issues with the anoxia tank and a lack of 
time limited the opportunity to retest the RNAi 
lines with the actin driver as well as other drivers 

Genotype  MsrA  MsrB  

WT60 Present  Present  

A90 Not Present  Present  

B54 Present  Not Present  

Table 2: RNAi Lines 
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such as ArmDa (ubiquitous), GAWB (muscle), 
and OK6 (motor neurons).  
 

Conclusion 

 
Overall, the results obtained from this 

study show that MsrA and MsrB do play a role in 
protecting against oxidative stress in aging. It is 
known that MsrA and MsrB behave as antioxi-
dants to reduce methionine sulfoxide (nonfunc-
tional form of methionine from ROS oxidation) 
to the functional form of methionine [2]. Our 
findings from the single deletion lines indicate 
that MsrA and MsrB continue to play the role as 
the fly approaches senescence. Further testing 
with the RNAi lines is needed to reconfirm the 
data obtained from the deletion lines. This study 
could lead us to a better understanding of how 
these genes affect aging. Our long-term goal is to 
apply this knowledge to more human-based areas 
by designing therapeutic drugs around these 
genes in relation to anoxia, as in cases of stroke.  
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Abstract. The β-glucuronidase (gus) gene was isolated from the bacterium Escherichia 
coli. Due to the blue pigment it produces, it has been widely used as a reporter gene in 
genetically modified organisms serving to study gene expression and tissue specificity. 
The focus of this study is to use the gus gene to monitor the tissue specificity of the pro-
moter CaMV 35S in Agrobacterium-mediated genetically modified plants. Agrobacte-
rium is a pathogenic bacterium that has the ability to integrate foreign DNA into a plant’s 
DNA. Promoters are DNA sequences that drive gene expression and determine where a 
gene is expressed. If a promoter of unknown specificity is used to express gus in an or-
ganism, then β-glucuronidase will only be present in the tissues the promoter specifies. In 
1988 Benfey et al. used the gus gene to elucidate on the specificity of the CaMV 35S 
promoter in Agrobacterium-meditated transformed tobacco plants¹. CaMV 35S originates 
from the cauliflower mosaic virus and is widely used in the laboratory to drive strong ex-
pression of any gene of interest. Benfey et al. was successful in demonstrating the speci-
ficity of CaMV 35S at 6, 10, and 15 days of development and at 7 weeks. The results of 
their study showed that CaMV 35S activates gus expression in all cells during 6, 10 and 
15 days in development

1
. In 7 week old plants CaMV 35S activates gus in all cells of the 

leaves and roots, but only in the vascular tissue of the stem
1
. The goal of this study was to 

use the gus gene to elucidate on the tissue specificity of CaMV 35S in Agrobacterium-
meditated transformed tobacco plants at 4 weeks in development. It is expected that the 4 
week tobacco plants will show no specificity as they are still categorized as seedlings and 
are closer in physical traits to 15 day old plants. 

 

Introduction 
 

The Biotechnological industry plays a big 

role in agriculture. It is a small fraction of farmers 

that own naturally fertile lands and many that 

have to deal with pests invading their crops. The 

biotechnological industry has been able to make 

the inconveniences of working on the land easier 

to deal with by genetically modifying plants to be 

hardier in difficult climates and more resistant to 

pesticides. These modifications are possible by 

using naturally occurring genes in bacteria and 

viruses that serve as an advantage under such 

conditions. 

The β-glucuronidase (gus) gene was iso-

lated in 1986 from Escherichia coli
5 

and since 

then has been widely used as a reporter gene in  

genetically modified plants, serving to study gene 

expression and tissue specificity of different pro-

moter sequences. Gus codes for β-glucuronidase 

(GUS), an enzyme that catalyzes the hydrolysis 

of β-D-glucuronides
3
.When GUS reacts with 5-

bromo-4-chloro-3-indolyl-β-glucuronide (x-gluc 

reagent) it cleaves the β-glucuronide and produc-

es 5-bromo-4-chloro-3-indolyl which then oxi-

dizes into a blue insoluble compound. Any tissue 

(plants, animals or microbes) expressing gus, and 

exposed to x-gluc, will appear blue to the naked 

eye.  

Promoters are DNA sequences that drive 

gene expression and determine where a gene is 

expressed. If a promoter of unknown specificity 

is used to express gus in an organism, then β-

glucuronidase will only be present in the tissues 

the promoter specifies. In 2007, Inaba et al. used 

gus to study the specificity of the ASA2 promoter 

in soybeans
4
. In 1988 Benfey et al. used the gus 

gene to elucidate on the specificity of the CaMV 
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35S promoter in Agrobacterium-meditated trans-

formed tobacco plants¹. CaMV 35S originates 

from the cauliflower mosaic virus and is widely 

used in the laboratory to drive strong expression 

of any genes of interest. Benfey et al. was suc-

cessful in demonstrating the specificity of CaMV 

35S at 6, 10, and 15 days of development and at 7 

weeks. The goal of this study is to use the gus 

gene to elucidate on the tissue specificity of 

CaMV 35S in Agrobacterium-meditated trans-

formed tobacco plants at 4 weeks in development. 

 

Literature Review 
 

It is common in the biotechnological in-

dustry to use Agrobacterium as a vector for ge-

netic modification of plants as it is a reliable and 

cost effective method. Most pesticide resistant 

plants have been modified using this bacterium. 

Agrobacterium is a soil pathogenic bacterium that 

has the ability to integrate a part of its plasmid 

genome into a plant’s nuclear genome and cause 

the plant to produce crown galls (tumors) to nur-

ture the bacteria. In the wild it can only attack 

dicotyledonous plants
11

. In the lab the modified 

Agrobacterium strains are commonly used for the 

genetic modification of plants by substituting the 

oncogenic genes for any genes of interest. 

The substitution takes place between a 25 

bp long direct repeat in the tumor-inducing (Ti)-

plasmid, designated the right and left boarders. 

This region of the plasmid contains the only 

genes that are transferred into the plant and is 

therefore named the Transfer (T)-DNA (Fig.1). 

When the T-DNA is replicated and ready for 

transport, it is referred to as the Transfer (T)-

Strand. The Ti-plasmid also holds the virulence 

genes virA, B, C, D, E, G, and H, which code for 

proteins involved in the copying and transfer of 

T-DNA
9, 10 

(Fig. 1). The chromosome holds the 

genes chvA and B, pscA, and att, which code for 

proteins involved in cell recognition and attach-

ment 
11

. 

 

Figure 1 Ti-plasmid. A simplified diagram 

depicting the general organization of the 

Ti-plasmid. 

An injured plant cell secretes phenolic 

compounds which attract the bacteria, induce the 

production of cellulose filaments, and initiate the 

vir signaling pathway. The cellulose filaments 

anchor the bacterial cell to the plant cell wall and 

the virulence proteins initiate the transcription of 

the T-strand. The T-strand is then transported to 

the cell nucleus and integrated into the plant ge-

nome (Fig. 2). 

The integration is non-specific and the T-

Strand is replicated by the host cell DNA poly-

merase. Any tissue specificity of gus can be at-

tributed to the promoter, CaMV 35S, and not the 

process of integration itself. The results of the 

study done by Benfey et al. showed that CaMV 

35S activates gus expression in all cells during 6, 

10 and 15 days in development
1
. In 7 week old 

plants CaMV 35S activates gus in all cells of the 

leaves and roots but only in the vascular tissue of 

the stem
1
. It is expected that the 4 week tobacco 

plants will show no specificity as they are still 

categorized as seedlings and are closer in physi-

cal traits to 15 day old plants. 
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Figure 2 DNA transfer from Agrobacterium 

to plant cell nucleus. (1) Agrobacterium re-

acts to plant phenolics by attaching to the 

plant cell wall with cellulose filaments and 

initiating the vir signaling pathway. (2) 

Transcription of the vir proteins occurs. (3) 

vir proteins transcribe the T-DNA. (4) vir 

proteins transport the T-strand into the 

plant cell. (5) vir proteins integrate the T-

strand into the plant  

genome. 

 

Methods and Materials 

 

The bacterium chosen for the study car-

ried the pBI121 plasmid. Transgenic plants were 

created by cutting pieces of leaves from a wild 

type tobacco plant and incubating them in a broth 

containing the bacterium. After transformation 

they are placed in regeneration media for cloning. 

The seeds of the cloned transgenic tobacco plants 

are then harvested and germinated. Some of these 

seeds will be composed entirely of modified cells 

and are termed homozygous modified. Only 

plants germinated from these seeds were used for 

the study of CaMV 35S specificity. 
 
Agrobacterium Species and Plasmid Material 
  The Agrobacterium species used was the 
A. tumefaciens. The Ti-plasmid present in this 
line of A. tumefaciens is the pBI121. We chose 
this plasmid because NPT II and gus substitute 
the oncogenic genes in the T-DNA region. NPT 
II is the kanamycin resistance gene that will aid 
in isolating transformed plants. Gus is the β-

glucuronidase gene that will demonstrate the 
specificity of CaMV 35S (Fig. 3). 
 

Figure 3 Structure of the transformation 

plasmid pBI121. From left to right: T-

DNA right border, NOS promoter, NPTII 

gene coding region confers kanamycin re-

sistance for plant cell selection, NOS ter-

minator, CaMV 35S promoter drives the 

gene expression for gusA, gus gene coding 

region, NOS terminator, T-DNA left  

border. 

 

Transformation of Tobacco Leaf Cells 

Six sterile 50mL tubes were filled with 

50mL of the pBI121-containing A. tumefaciens 

culture and centrifuged at 3,000 rpm for 15 

minutes at room temperature. The supernatant 

was poured off and the pellet of cells was re-

suspended with 10mL of co-cultivation solution 

containing 200-400μM of acetosyringone (a phe-

nolic compound that aids in vir gene activation) 

and 0.05% Pluronic F68 (a surfactant that pre-

vents cell breakage and foaming). 

A leaf from six wild type tobacco plants 

was cut into 5 × 5mm disks and placed into a 

tube, each for 40 minutes. The tubes were invert-

ed at 5 minute intervals to ensure the disks came 

into contact with the bacteria. The leaf disks were 

then removed and blotted dry on sterile napkins. 

Once dry, they were placed on filter paper abaxial 

up in a petri dish (small plastic container) con-

taining co-cultivation media, acetosyringone, and 

Pluronic F68 for three days in the dark at 26°C
12

. 

The co-cultivation media allows for the bacteria 

to stay nourished so they can complete the infec-

tion of the leaf disks. During this time A. tumefa-

ciens is producing T-DNA, transferring it into the 

host cell, and integrating it into the plant genome 

(Fig. 2). Each transformed tobacco leaf represent-

ed a different plant line and it was named after 

the person who performed the transformation. 



 

46 

 

FAURJ 

Volume 4, Issue 1 Spring 2015 46 

Regeneration of Wild Type and Modified Tobacco 

Leaves 

After three days transformed leaf disks 

were transferred into regeneration media which is 

composed of glucose, salts, minerals, and growth 

hormones, along with kanamycin and timentin. 

Hormones in the media induce cell division lead-

ing to the growth of new plants. The kanamycin 

antibiotic allows for isolation of transformed 

plants containing the NPTII gene which confers 

kanamycin resistance. Timentin is another antibi-

otic that kills any remaining Agrobacterium but 

will not harm the tobacco plant itself. They were 

left in this media for three weeks, at 26°C, 16hrs 

in light, and 8hrs in dark 
12

. 

One leaf from a wild type tobacco plant 

was cut into approximately 5 × 5mm and placed 

into the same regeneration media as above, ex-

cept for the antibiotic kanamycin. These leaf 

disks were left in this media for three weeks, at 

26°C, 16hrs in light, and 8hrs in dark
12

 and 

served as a control for the experiment. After three 

weeks shoots with visible meristems from both 

the experimental and control group were cut and 

placed in new media for further development 

(Fig. 4a). 

 

Figure 4 Regeneration of tobacco plants 

from leaf disks. (a) Tobacco plant shoots in 

regeneration media after three weeks. (b) 

Transgenic tobacco plants transferred into 

rooting media after 5-6 weeks of Agrobac-

terium transformation. 

 

 

Identification of Transformed Tobacco Plants 

Once the shoots developed leaves they 

were placed in rooting media. This media was the 

same as the regeneration media minus the hor-

mones. Rooting media allows for further isolation 

of transformed plants as those without the NPTII 

gene will not develop roots. Plantlets that devel-

oped roots were transferred into a Magenta cul-

ture box and labeled. A culture box is a container 

that allows plants more space to grow while keep-

ing the same conditions as the petri dish (Fig. 4b). 

 

DNA Analysis 

The DNeasy Plant Mini Kit (Qiagen) was 

used to isolate the DNA from the transgenic 

plants and the control plant. For the manual dis-

ruption of plant tissue, half a leaf from each 

transgenic plant was cut and ground manually in 

a centrifuge tube with the extraction buffer fol-

lowing the kit protocol. The same was done for 

the wild type plant. The wild type DNA would 

serve as a negative control. 

Once the DNA was isolated, the gus gene 

sequence was amplified by polymerase chain re-

action (PCR) (Table 1). PCR exponentially dupli-

cates a specified DNA sequence if present in your 

DNA extraction. This allows for the presence of 

gus to be confirmed by gel electrophoresis. 1µl of 

DNA from each sample was used. 19µl of PCR 

master mix was added to each tube (Table 2). The 

DNA of a previously confirmed transgenic plant 

served as the positive control.  

A gel electrophoresis was done on the 

PCR product of each sample. This method uses 

the electrical charge of DNA to separate DNA 

strands according to their size. The size of gus is 

known and can be identified on the gel. 1.5µl of 

loading dye was used to stain each sample. 10µl 

of each sample was then loaded into separate 

wells of a 1.5% agarose gel containing ethidium 

bromide (ETBr). The ETBr allows us to see the 

DNA bands under UV light. The gel was run at 

70 volts for 30 minutes. 
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Acclimatization of Transgenic Plants 

Once all tests were done, the confirmed 

transgenic plants were removed from their food 

source and transferred to potted soil. From this 

point on the plants will have to undergo photo-

synthesis to obtain energy. A moist environment, 

similar to the magenta box in the growing cham-

ber, must be provided for the plants to become 

acclimated to growth
8
. 

 

Table 1 PCR Conditions 

Temperature Time 

95˚C 2 minutes 

95˚C 20 seconds 

52˚C 20 seconds 

72˚C 40 seconds 

Cycles 30 

 

Six 6-inch diameter pots were filled with 

top soil and generously watered with tap water. A 

hole was dug into the dirt with forceps about 

three inches deep.  The plants were then gently 

removed from the rooting media, making sure 

that the roots were not injured. This was done by 

using forceps to loosen the agar from the roots 

and then pulling the plants out. After removal, the 

agar was carefully washed off the roots with tap 

water.  

 The plants were then transferred to the pot 

and watered generously once more (Fig. 5). The 

pots were placed in a plastic re-sealable bag filled 

with about two cups of tap water. The bags were 

closed and placed in a growing chamber at 26˚C 

with 16 hrs of light daily for four days. The bags 

were then opened and left under the same condi-

tions for another four days. After the eight days 

of acclimatization, the pots were removed from 

the bags. 

 

 

 

 

 

                                          

 

 

 

Figure 5 Two representative transgenic plants 
grown in soil. (a) An example of a six week old 
plant.  (b) An example of a three month old 
plant 
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Table 2 Master Reaction Mix Concentrations 

Components Volume Final Concentration 

dH2O 246 μL - 

10X Buffer 32 μL - 

dNTPs 6.4 μL 0.2 μL 

gus Primer 1 6.4 μL 0.2 μL 

gus Primer 2 6.4 μL 0.2 μL 

Thermal Stable DNA Polymerase 7.5 μL 0.5 μL 

DNA from wild type or transgenic plants 1 μL 36 ~ 50 ng DNA 

 
Seed Collection and Germination 

Seeds collected from the flowering plants 

were surface-sterilized by wrapping them in a 

pre-labeled cheese cloth and sealing them in with 

a paper clip. Each bundle of seeds was dropped 

into a 10% bleach solution and stirred for 20 

minutes. The seeds were then removed and 

washed with sterile water four times. Then the 

seeds were unwrapped and planted into a petri 

dish containing rooting media with kanamycin. 

The seeds were germinated for four weeks 

in the culture chamber at 26ºC with 16 hrs of 

light. The new seedlings are the next generation 

of the modified plant lines (T1), some of which 

are homozygous transformed plants. Once the 

seedlings sprouted they were scored for ratio of 

transformation by comparing the number of seed-

lings sensitive to kanamycin versus the total 

number. 

When plants are initially modified with 

pBI121, only one of the two homologous chro-

mosomes (one from mother and the other from 

father) has the T-DNA insertion. When the self-

fertilizing parent produces the T1 seeds, the T-

DNA will be segregated according to Mendel’s 

laws of inheritance.  This is why the seedlings 

(T1) are scored for kanamycin sensitivity instead 

of the parent generation. Furthermore, since 

NPTII is tightly linked to gus (Fig. 3), these two 

genes are known to segregate together. 

Most nuclear genes follow classical Men-

delian genetics. The promoter of the NPTII gene 

in pBI121 is man-made and is known to have 

strong expression in every tissue; therefore, 

NPTII is determined to have dominant expres-

sion. Scoring the seedlings for kanamycin re-

sistance is a way to determine how our genes of 

interest have segregated during reproduction. 

 

GUS Assay 

The GUS assay was used to determine the 

specificity of the CaMV 35S promoter. As de-

scribed earlier, this promoter is what drives the 

expression of gus in the T-DNA inserted into the 

plants genome. The GUS enzyme will be present 

wherever the gene is expressed. Plants incubated 

in the x-gluc solution turn blue wherever gus is 

being expressed due to enzymatic activity. Being 

able to see the expression of gus with the naked 

eye provides a convenient and accurate way of 

detecting any CaMV 35S specificity. 
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After four weeks one resistant seedling from each 

plant line was tested for the specificity of 

CaMV35S using the GUS assay. 150μL of x-gluc 

solution was added to six tubes and each seedling 

was incubated overnight at 37°C
2, 5, 6

. The sam-

ples were then rinsed with 70% ethanol several 

times to remove the chlorophyll in order to facili-

tate the observation of GUS stained cells. Leaf, 

stem, and root tissue was then observed under a 

microscope to identify any staining present in any 

cell. Navy blue stained areas represent the ex-

pression of GUS (Fig. 6). 

 

 
 
 
 
 
 

 

Results 
 
Insertion of pBI121in Regenerated Tobacco 

Plants 

After four weeks in rooting media eight 

modified plants formed roots. Only six were con-

firmed to contain the pBI121 T-DNA by PCR 

amplification of gus. The PCR fragment of gus 

gene is 525 base pairs (bp) long. The gel clearly 

showed that the negative control (WT) did not 

show any band for the gus gene, whereas the pos-

itive control (AP) showed a bright band near the 

500 bp mark (Fig. 7). The results of the negative 

and positive controls allow the certainty that the 

procedure was carried out correctly. 

Plant lines KEG, LMC-5, JMR, LC-1, 

HD-1, and HD all contained the gus gene while 

plant lines JC and AGZ did not. Only plant lines 

that were confirmed to be gus positive by the gel 

were chosen for study of CaMV 35S specificity. 

 

 

 

 

Scoring of T1 Generation 

The average phenotypic ratio of the plant 

lines for kanamycin sensitivity in this study was 

calculated to be 0.32±0.11 (Table 3), which is 

close to the classic Mendelian ratio of 1/3 or 0.33. 

Genetic inheritance may vary from the standard 

inheritance pattern based on the type of gene. 

This result allowed us to analyze the expression 

of gus based on classic Mendelian laws of inher-

itance, which is the simplest type of inheritance 

to work with. 

GUS Assay 

Plant lines LC-1, LMC-5, and KEG-2 

were the only seedlings to show GUS activity. 

Plant lines HD-1, HD, and JMR did not show any 

GUS activity (Table 4). Those plant lines that 

showed GUS activity only had it present in the 

leaves and roots (Fig. 6). No GUS activity was 

seen in the stems of any of the plants. These re-

sults imply that the CaMV 35S promoter might 

have some level of specificity in four week old 

seedlings. 

 

 

 

 

Figure 6 GUS assay. (a) GUS positive leaf 

sample that stained blue in x-gluc solution. 

(b) GUS positive root sample that stained 

blue in x-gluc solution. The leaf sample was 

ethanol bleached for better visibility of stain. 

 

Figure 7 The gel electrophoresis done on the 

TAIL-PCR amplification of gus. Gus band is 

visible near the 500bp. mark. The amplified gus 

DNA is 525bp long. Six out of eight plant lines 

were confirmed to carry the gus gene. 
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Table 3 Scoring of T1 Generation  

Plant 

Line 

Sensitive 

Seedlings 

Resistant  

seedlings 
Ratio 

LC-1 6.0 33 0.18 

LMC-5 1.0 34 0.03 

KEG-2 0.0 39 0.00 

HD-1 16 38 0.42 

HD 8.0 15 0.53 

JMR 40 60 0.67 

Average 12 37 0.32 

 

Table 4 Levels of GUS Expression 

Plant Line Roots Stems Leaves 

LC-1 E N E 

LMC-5 E N E 

KEG-2 N N E 

HD-1 N N N 

HD N N N 

JMR N N N 

E=Expression, N=No Expression 

 

Discussion 

 

Based on the antibiotic isolation tech-

nique, eight plants did undergo insertion of the 

pBI121 T-DNA by A. tumefaciens. Even though 

plant lines JC and AGZ exhibited significant root 

elongation, PCR results did not confirm the pres-

ence of gus in their genome. This may be at-

tributed to incomplete T-DNA integration
11

. If 

only the antibiotic resistance gene was incorpo-

rated into the genome, then plants would be able 

to survive in the selection media without carrying 

gus. However, further study is needed to confirm 

this hypothesis 

Plant lines HD-1, HD, and JMR, although 

DNA analysis confirmed the presence of gus in 

their genome, did not express the gene product. It 

is important to understand that because the inser-

tion site of the T-DNA is random, its location of 

insertion is unknown
10, 11

. There is a chance that 

gus gene activity might be inhibited simply be-

cause of where it integrated in the plant nuclear 

genome
1
. The lack of expression in plant lines 

HD-1, HD, and JMR may be the result of a type 

of gene silencing due to its location in the ge-

nome. Identification of the insertion sites of the 

pBI121 T-DNA
 
should be studied

7
. Only three 

out of the six confirmed gus modified plant lines 

(LC-1, LMC-5, KEG-2) expressed the gene prod-

uct. They showed enzyme activity in the epider-

mal cells of leaves and roots only.  

Even though there was some variance be-

tween plant lines, our end results indicated that 

the specificity of gus in four week old plants is 

closer in comparison to the seven week old plants 

than to the 15 day old seedlings. We did not ob-

serve any expression of GUS in the epidermal 

cells of the stem. The lack of GUS in the epider-

mal cells of the stems in 4 week old plants sug-

gests that 4 week old plants are closer in devel-

opment to the 7 week old plants than the 15 day 

old plants. The vascular tissue of the stem was 

not observed and further study should be done to 

confirm the presence or lack of GUS in the vas-

cular tissue of the stem. This study has served to 

elucidate on the growth stages of tobacco plants 

as well as CaMV 35S activity in those stages. 

Further studies on different stages should 

also be performed on these plant lines in order to 

confirm the current data. Confirming any speci-

ficity to CaMV 35S and identification of insertion 

location will contribute to the understanding of 

CaMV 35S and Agrobacterium virulent mecha-

nisms. The application of this knowledge can 
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serve to enhance the efficiency and accuracy in 

modifying plants for the agricultural industry. 
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Abstract.   Lack’s Brood Reduction Hypothesis asserts that hatching asynchrony in most 
altricial birds is a reproductive strategy in which sibling competition for resources, such 
as food, works to reduce brood size in times of limited resources. Wading birds in the 
Florida Everglades are considered to be indicators of the overall ecosystem health and 
function, since their populations are limited by the amount of food available in the land-
scape. As such, knowledge of food availability has great implications toward Everglades 
landscape management and wading bird population monitoring. To determine if wading 
birds were food limited during the 2013 nesting season, we collected and analyzed the 
mass of regurgitated boluses collected from little blue heron, snowy egret, tricolored 
heron, and wood stork nestlings. Our results suggest that food was not limited during the 
2013 nesting season. We also discuss the importance of long-term studies in order to ob-
tain data from both “good” and “bad” years in terms of prey availability, thus providing 
valuable information on Everglades ecosystem health and functioning for management 
and restoration efforts. 
 

 
Introduction 
 
    The variety of reproductive strategies that 
exist today have evolved from a series of trade-
offs between energetic costs and timing of repro-
duction.  These strategies are environmentally or 
energetically constrained, and sometimes both 
(Cogalniceanu et al. 2013).  Reproductive strate-
gies also have a profound impact on other aspects 
of survival such as sibling competition (Smiseth 
et al. 2007).  Avian reproductive strategies are of 
particular interest due to the nature of successive 
egg-laying and hatching.  In most altricial birds 
(young born in an undeveloped state and require 
feeding by the parents), incubation begins before 
the last egg is laid, causing variation in the time 
of hatching (hatching asynchrony), and variation 
in the age and size of nestlings.  This variation 
provides the older and larger nestlings with a 
competitive advantage for obtaining resources, 
such as food provided by the parent (Wiklund 
1985, Stoleson and Beissinger 1997).  These ear-
lier-hatched, larger nestlings often out-compete 
the later-hatched, smaller nestlings and may even 
engage in siblicide if resources are limited (Mock 
et al. 1991, Legge 2002, Margalida et al. 2004). 

 
  Lack’s Brood Reduction Hypothesis 
(1947) asserts that hatching asynchrony is a re-
productive strategy that relies on sibling competi-
tion to reduce brood size.  By introducing age 
and size variation within the nest, resources can 
be allocated to the nestlings most likely to sur-
vive, fledge, and reproduce in the future.  Brood 
reduction can be beneficial in times of food scar-
city by insuring that some of the nestlings sur-
vive (Lack 1968, Amundsen and Slagsvold 
1996).  Studies on various altricial bird species 
such as the zebra finch (Taeniopygia guttata) 
(Skagen 1988, Mainwaring 2012) and bluethroat 
(Luscinia svecica) (Smiseth 2003) have support-
ed the brood reduction hypothesis, with higher 
survival rates among asynchronously hatched 
broods during food shortages.  A recent study on 
white ibises (Eudocimus albus) in the Florida 
Everglades (Herring et al. 2011) showed that 
when food was limited, the stress level of nest-
lings was negatively related to hatch order, but 
when food was abundant, stress was not signifi-
cantly different between first- and second-
hatched siblings.   
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 Asynchronously-hatched avian species in 
food-limited habitats, such as wading birds in the 
Florida Everglades (Kushlan 1993, Gawlik 2002, 
Crozier and Gawlik 2003), may be indicators of 
food availability during a given nesting season.  
The effects of asynchronous hatching on sibling 
competition are particularly significant in these 
species because nestlings compete over parental 
forage delivered to the nest, rather than each in-
dividual being fed directly by the parent (Smith 
1997).  In these instances direct competition 
among the siblings determines who eats more 
rather than begging intensity as in many other 
altricial bird species (Smith 2005).  Food boluses 
(stomach regurgitations) collected from little 
blue herons (Egretta caerulea) in the Tampa Bay 
Region (Rodgers 1982), tricolored herons (Egret-
ta tricolor) and snowy egrets (Egretta thula) in 
the Florida Everglades (Strong et al. 1997), and 
little blue herons, tricolored herons, and snowy 
egrets in Lake Okeechobee (Smith 1997) have 
been used to determine the prey composition of 
these species’ respective diets.  However, assum-
ing Lack’s Brood Reduction Hypothesis applies 
to all wading birds in the Everglades, nestling 
boluses and how bolus mass potentially differs 
among siblings can provide a metric for the 
amount of food available to wading bird species 
throughout their foraging landscape.  Wading 
birds of the Everglades are considered “bioindi-
cators”, or indicators of the overall health of the 
ecosystem (Kushlan 1993) and some species 
such as the wood stork (Mycteria americana) 
have suffered great population declines since 
drastic changes were made to the hydrologic pat-
terns of the wetlands (Kahl 1964).  Changes in 
hydrologic patterns are influential for wading 
bird survival since wading birds require certain 
hydrologic conditions for optimal foraging 
(Gawlik 2002, Lantz et al. 2011, Dorn et al. 
2011).  For these reasons, knowledge of food 
availability has great implications toward Ever-
glades landscape management and wading bird 
population monitoring.  This project analyzed the 
mass of regurgitated boluses collected from little 
blue heron, snowy egret, tricolored heron, and 
wood stork nestlings in order to investigate food 
limitations during the 2013 nesting season in the 
Florida Everglades.   

Study Species    
 
 We chose several study species to best 
account for the variety of size and foraging strat-
egies of wading birds in the Florida Everglades.  
Little blue herons, snowy egrets, and tricolored 
herons belong to the taxonomic family Ardeidae, 
and are significantly smaller in size than wood 
storks.  These three species are considered visual 
feeders due to their reliance on visual cues for 
foraging, and wood storks are considered tactile 
feeders because their beaks snap in response to 
touch sensations (Ogden 1976, Gawlik 2002).  
Tricolored herons and snowy egrets are known to 
consume similar fish species such as Poecilia 
latipinna and Fundulus spp. (Boyle  et al. 2012, 
Strong et al. 1997).  Current information on 
wood stork diets is limited and outdated (Kahl 
1964, Ogden 1976) because it predates the dras-
tic hydrological changes imposed upon the Ever-
glades through development of the region and 
flood control efforts (Willard and Bernhardt 
2011), which can alter the prey community on 
which wading birds depend. 
 
Objectives 
 
 Our first objective was to determine the 
differences in the amount of food consumed by 
wood stork, little blue heron, snowy egret, and 
tricolored heron nestlings as a function of age 
and hatch order.  We hypothesized that due to the 
nature of asynchronous hatching (Lack 1947) and 
food being the limiting factor in these species’ 
habitat (Gawlik 2002), earlier-hatched nestlings 
would consume larger prey amounts than later-
hatched nestlings.  Our second objective was to 
test for a change in food bolus mass throughout 
the season.  Since nestlings require more calories 
and nutrition as they grow (Smith 1997), we hy-
pothesized that bolus mass would increase 
throughout the nesting season.  Our third objec-
tive was to determine whether the rate of food 
increase throughout the nesting season varied 
with hatch order.  We hypothesized that if food 
became limiting during the nesting season, the 
food consumption of the later-hatched nestlings 
would begin to decline first, and the earlier-
hatched nestlings would follow as food became 
more limited.  If food availability did not become 
limited throughout the season, the food consump-
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tion of the later-hatched and earlier-hatched nest-
lings would continue to increase as they grew 
and none would decline because there would be 
sufficient food for all.  These three objectives 
served to test for the effects of asynchronous 
hatching on nestling food consumption (bolus 
mass) in order to determine whether food was 
limited during this particular nesting season. 
 
 

Research Methods 

 
Study Sites 
 

 Our study took place within three nesting 
colonies in south Florida during the 2013 nesting 
season (Fig. 1).  We sampled for little blue her-
ons, snowy egrets, and tricolored herons at Hid-
den Colony in Water Conservation Area 3A, and 
for these three species plus wood storks at Tami-
ami West and Paurotis Pond colonies in Ever-
glades National Park.  We chose these colonies 
due to their repeated use by wading birds, rela-
tive accessibility, and abundance of the species 
of interest.  Hidden Colony and Tamiami West 
are both in freshwater tree islands.  Hidden Col-
ony is mainly comprised of bald cypress (Tax-
odium distichum), whereas Tamiami West is 
dominated by poisonwood (Metopium toxifer-
um), pond apple (Annona glabra), and willow 
(Salix spp.).  Paurotis Pond is located in brackish 
water close to Florida Bay, and is dominated by 
red mangrove (Rhizophora mangle).    
 

 

Figure 1  Wading bird colonies in South Flori-

da, USA, from which food boluses were col-

lected in 2013.  (Source: South Florida Water 

Management District GIS Data Catalog) 

 

Field Procedures 

 

 We visited each colony once to twice a 

week during the wading bird nesting season (ap-

proximately March through May).  We did not 

sample on days with adverse weather conditions.  

Tamiami West was accessed by foot, Hidden 

Colony by airboat, and Paurotis Pond by kayak 

due to motorized boat restrictions.  Once in the 

colony, we moved locations frequently so that no 

nest was disturbed for more than 30 minutes.  

Nestlings readily regurgitate in the presence of 

humans, allowing easy bolus collection.  In the 

event that a nestling did not voluntarily regurgi-

tate, we gently massaged its trachea in order to 
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induce regurgitation.  We collected each bolus in 

a marked Ziploc bag, noting the date of collec-

tion, species of bird, age (in weeks) of the nestl-

ing, and hatch order of the nestling (“A” for the 

first-hatched chick, “B” for the second and so 

on).  Collections began when nestlings of the col-

onies were about 1 week old and continued until 

they were about 4 weeks old.  Nestling hatch or-

der was easy to determine due to obvious size 

differences among siblings (Wiklund 1985).  We 

kept a record of which nests we sampled by using 

a Garmin GPS unit to mark waypoints for the lo-

cations of individual nests to avoid repeat sam-

pling.  After we collected a bolus, we fed the nes-

tling approximately the same amount of food in 

small baitfish in order to offset any effect we may 

have had on nestling food intake for that day. 

 

Lab Procedures 

 

 Boluses were transferred from the Ziploc 

bags into labeled jars filled with Prefer, a color 

fixative for preserving the original color of the 

samples.  After 3 days, we transferred the boluses 

to a solution of 70% Ethanol for preservation.  

We poured each bolus through a 0.6 micrometer 

mesh net, rinsed with water, and then sorted each 

prey item under a magnifying lens using twee-

zers.  We measured the mass of each prey item to 

the nearest 0.01 g and then calculated total bolus 

mass by summing the mass of all individual prey 

items within each bolus.  Boluses were analyzed 

in this way in order to remove debris and obtain 

an accurate total mass of actual prey consumed.  

Data was entered into Excel spreadsheets for 

storage and analysis. 

 

Statistical Analysis 

 

 A mixed model is a statistical tool that 

uses both fixed and random effects to test for the 

statistical likelihood of a relationship between 2 

or more conditions (SAS Institute 2008).  To de-

termine the effects of hatch order and age on bo-

lus mass, we ran two sets of mixed models using 

SAS statistical software (SAS Institute 2008): one 

for wood stork and one for family Ardeidae (in-

cludes little blue herons, snowy egrets, and tri-

colored herons).  Since bolus mass was not statis-

tically different (p > 0.05) among little blue her-

ons, snowy egrets, and tricolored herons, we 

pooled the species together to increase sample 

size and statistical power.  In our first set of 

mixed models, nest was treated as a random term 

and hatch order and age as fixed effects in order 

to determine the effect of both hatch order and 

age.  For our second set, we removed age and ran 

the models with only hatch order as a fixed effect 

in order to determine the effect of hatch order 

alone.  For our third set of mixed models, we re-

moved hatch order and ran the models with only 

age as a fixed effect in order to determine the ef-

fect of age alone.  We did not include colonies as 

fixed effects in our models because all 3 colonies 

are within the foraging radius of all bird species, 

meaning that they all had access to the same for-

aging grounds, regardless of nesting colony 

(Strong et al. 1997, Herring and Gawlik 2011).  

 To test for a seasonal increase in bolus 

size and determine whether the rate of food in-

crease throughout the nesting season varied with 

hatch order, we performed a regression analysis 

of the pooled bolus mass throughout the nesting 

season for little blue herons, snowy egrets, and 

tricolored herons using SigmaPlot (SigmaPlot 

Version 12.x 2013).  Wood stork bolus data con-

tributed to the mixed model analyses, but we did 

not run a regression analysis on wood stork bo-

luses due to small sample size (n=14).  We used 

95% confidence intervals to determine if the rate 

of change was statistically different between 

chicks with different hatch orders.   

 

Results and Analysis 

 
 We collected a total of 81 boluses during 

the 2013 nesting season.  Twenty boluses were 

from nestlings of unknown hatch order, leaving 

61 samples for data analysis with hatch order 

(Table 1).  Our largest sample size was 25 for tri-
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colored herons and our smallest was 9 for snowy 

egrets.  Wood storks had the highest mean and 

range of bolus masses, 44.27 ± 38.36 g and 

12.58-166.75 g respectively.  Little blue herons 

had the lowest mean bolus mass (2.94 ± 3.91 g).  

Tricolored herons had the smallest range of bolus 

masses (0.06-13.95 g).  Although we expected a 

larger mean bolus mass from wood storks due to 

their larger body sizes, a mean of 44.27 g is par-

ticularly large due to an outlier bolus (166.75 g) 

containing an exceptionally large prey item.  

Without the outlier, the mean mass was 34.85 ± 

15.75 g.    

 All mixed models, which were used to 

determine the differences in the amount of food 

consumed by the nestlings as a function of age 

and hatch order (objective one), showed an insig-

nificant effect (p > 0.05) of age or hatch order, 

separately or together, on food bolus mass for 

wood storks and the pooled family Ardeidae (Ta-

ble 2).  However, age had a slightly stronger ef-

fect than did hatch order, particularly for the 

wood stork.   

 Our test for a change in bolus mass over 

the nesting season (objectives two and three) ex-

cluded wood storks due to small sample size (on-

ly 3-6 boluses per hatch order category; Fig. 2).  

We omitted hatch order D (the latest-hatched 

nestlings) from the Ardeidae regression analysis 

also due to small sample size (n= 2).  R
2
 values 

for all hatch orders were less than 0.1 with over-

lapping confidence intervals, indicating a low 

likelihood that the rate of food increase through-

out the nesting season varied with hatch order 

(Table 3).  The regression line for hatch order A 

had a positive slope (b =0.075), suggesting a 

positive relationship between bolus size and time, 

whereas the slopes for hatch orders B and C all 

had varying degrees of negative slopes, suggest-

ing negative relationships.  The increasing slope 

magnitudes with decreasing hatch orders B and C 

(-0.110 and -0.436 respectively) suggest that 

hatch order C consumed less than B, and B less 

than A as the nesting season progressed.  Howev-

er, the 95% confidence intervals for all parameter 

estimates overlapped zero, so the positive and 

negative signs for the parameter estimates cannot 

be determined with certainty. 

 

 

Table 1 Descriptive statistics of collected bolus 

masses in South Florida, 2013. LBHE= little 

blue heron, SNEG= snowy egret, TRHE= tri-

colored heron, WOST= wood stork.   

 

 

 

 

 

 

 

 

 

 

 

 

 

Species Sample 

Size (n) 

Mean 

Bolus 

Mass 

(g) 

Standard 

Deviation 

Bolus 

Mass 

Range 

(g) 

LBHE 13 2.94 3.91 0.01-

14.85 

SNEG 9 6.07 4.32 0.98-

15.37 

TRHE 25 5.26 3.77 0.06-

13.95 

WOST 14 44.27 38.36 12.58-

166.75 
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Table 2 Mixed model effects of age and hatch order on bolus mass in South Florida, 2013.  Ar-

deidae= family including little blue herons, snowy egrets, and tricolored herons. CL95%= Confi-

dence Limit of 95%. 

 
Model Estimate SE CL95% p-value 

Ardeidae      

     Age and Hatch Order Intercept 3.57 3.64 -3.86-11.01 0.3344 

 Age (weeks) 

     1 

     2 

     3 

     4 

 

-2.75 

-1.22 

2.44 

0.42 

 

2.56 

2.42 

2.52 

3.09 

 

-8.45-2.96 

-6.62-4.18 

-3.18-8.06 

-6.46-7.29 

 

0.3084 

0.6257 

0.3556 

0.8948 

 Hatch Order 

     A 

     B 

     C 

 

2.86 

0.95 

2.06 

 

2.94 

2.96 

3.04 

 

-3.70-9.41 

-5.65-7.55 

-4.71-8.83 

 

0.3542 

0.7539 

0.5129 

 

     Hatch Order Intercept 2.9316 

 

2.83 -2.82-8.68 0.3072 

 Hatch Order 

     A 

     B 

     C 

 

3.14 

1.26 

1.82 

 

2.95 

2.97 

3.09 

 

-3.43-9.70 

-5.35-7.87 

-5.06-8.69 

 

 

0.3124 

0.6804 

0.5688 

     Age Intercept 5.80 2.21 1.27-10.34 0.0137 

 Age (weeks) 

     1 

     2 

     3 

     4 

 

 

-2.93 

-1.38 

2.33 

-0.33 

 

2.55 

2.40 

2.52 

2.98 

 

 

-8.43-2.57 

-6.56-3.80 

-3.11-7.78 

-6.77-6.10 

 

0.2703 

0.5747 

0.3708 

0.9127 

Wood Stork      

     Age and Hatch Order Intercept 65.38 35.37 -22.98-153.73 0.1156 

 Age (weeks) 

     1 

     2 

 

-52.80 

-39.19 

 

51.32 

26.41 

 

-195.29-89.70 

-112.50-34.13 

 

0.3617 

0.2120 

 Hatch Order 

     A 

     B 

 

16.65 

12.31 

 

28.35 

29.85 

 

-62.07-95.36 

-70.56-95.18 

 

0.5886 

0.7012 

 

     Hatch Order Intercept 12.58 40.40 -86.26-111.43 0.7660 

 Hatch Order 

     A 

     B 

     C 

 

42.96 

32.99 

15.00 

 

43.63 

45.12 

46.55 

 

-78.16-164.09 

-92.27-158.25 

-114.26-144.25 

 

0.3805 

0.5052 

0.7635 

 

     Age Intercept 80.58 20.28 28.44-132.72 0.0106 

 Age(weeks) 

     1 

     2 

 

-68.00 

-44.04 

 

40.57 

23.13 

 

-167.27-31.27 

-100.63-12.56 

 

0.1447 

0.1056 
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Figure 2 Regression plots of little blue heron, snowy egret, and tricolored heron nestlings 

changes in bolus mass throughout the nesting season according to hatch order (A, B, C, and D) 

in South Florida, 2013. 

 

 

Table 3 Regression parameters of Ardeidae bolus mass change over time in South Florida, 

2013.  D hatch order chicks were omitted due to small sample size (n=2).   

  Parameter Estimates 

Hatch Order N Intercept Slope Slope CL95%
 

R
2

 

A 22 5.342 0.075 -0.656–0.806 0.0023 

B 15 4.495 -0.110 -1.020–0.800 0.0052 

C 8 6.319 -0.436 -1.788–0.916 0.0941 
 
   

Discussion 

 

 Our results suggest that food was not lim-

ited during the nesting season of 2013 as the 

mixed models found no significant effect between 

nestling hatch order and bolus mass, or between 

nestling age and bolus mass, with p values greater 

than 0.05 for both bird categories (wood storks 

and family Ardeidae).  Our best performing mod-

els included only age (in weeks), suggesting that 

age differences in weeks, or more specifically, 

large size differences between nestlings are more 

significant than hatch order in determining bolus 

mass.  This is expected since nestlings should 

consume more food as they grow and require 

more energy and nutrition throughout the nesting 

season.  The regression analysis showed no sig-

nificant correlation between rates of food intake 

throughout the nesting season and hatch order due 

to overlapping confidence intervals.  While no 

definitive results were obtained, the positive slope 

for hatch order A suggests that the earliest 

hatched nestlings continued to consume larger 

amounts as they grew throughout the season, and 
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the increasing magnitudes of negative slopes for 

hatch orders B, C, and D suggest that D nestlings 

suffered greater losses in food intake than C, and 

C suffered greater losses than B.  These slopes 

reflect our hypothesis that as food availability de-

creased throughout the season, the later-hatched 

nestlings would consume less food and potential-

ly starve, and the earlier-hatched nestlings would 

follow after.  However, our statistical certainty in 

the sign of the slope is limited.  Larger sample 

sizes would likely yield more definitive results 

and improve our statistical certainty. 

 The most plausible reason for our results 

is that the 2013 nesting season was not a year in 

which food was limited.  Lack (1968) claimed 

that in times of food scarcity, some offspring 

would survive and in times of abundance, all 

would survive.  With an abundance of food for 

this nesting season, all of the nestlings had 

enough to eat, regardless of hatch order.  These 

results may indicate that this year’s environmen-

tal conditions such as hydrologic patterns were 

more conducive to efficient foraging.  Forbes 

(1994) postulated a threshold at which the effects 

of asynchronous hatching can be observed can be 

determined using historical data that includes 

“good” and “bad” years in terms of food availa-

bility.  Food availability in the 2013 nesting sea-

son likely never reached this threshold, causing 

all nestlings to consume plenty of food regardless 

of hatch order.   

 Other factors may have played a signifi-

cant role in determining food bolus sizes as well.  

Parental experience would have had a significant 

impact on the amount of food available to nest-

lings, causing bolus size to be dependent upon the 

foraging success of the parents.  More experi-

enced or healthier parents are likely to be better 

foragers and may provide more food for their 

young (Amundsen and Slagsvold 1998).    

 Future studies would likely benefit from 

collecting data on the parents in addition to the 

nestlings.  Assessing the age and overall health of 

the parents may indicate their level of experience 

and foraging success.  This can confirm or refute 

the possibility of parental experience and condi-

tion having a larger impact on bolus masses than 

food limitations.  Assessing the overall health and 

condition of each nestling at the time of fledging 

may also prove to be beneficial.  A high fledging 

rate does not guarantee high quality fledglings 

(Amundsen and Slagsvold 1996).  Heavier, 

healthier nestlings will likely survive longer past 

fledging and this may be where the effects of 

asynchronous hatching are made evident.  Weigh-

ing nestlings and determining their overall health 

at fledging may produce more definitive results 

on the effects of hatching asynchrony during a 

food-limited year.  Studies aiming to utilize wad-

ing bird nestling food bolus masses as a measure 

of food availability in the Everglades should span 

over several years in order to obtain data from 

both “good” and “bad” years in terms of prey 

availability (Forbes 1994).  This would likely un-

cover the effects of asynchronous hatching, and 

support our assumption that Lack’s hypothesis 

applies to these wading birds, by taking into ac-

count years with varying conditions and thereby 

overcoming the obstacle of a particular year not 

reaching the threshold at which the effects are 

observable.  It would also allow the investigator 

to more closely identify when this food availabil-

ity threshold exists, providing valuable infor-

mation on Everglades ecosystem health and func-

tioning for management and restoration efforts. 
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Development and Testing of an Underwater Scooter Model 

Benjamin Lewittes and P. Edgar An 
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Abstract.  A diver propulsion vehicle (DPV) is a device used by scuba divers to help pull 
them through the ocean without the use of additional exertion.  The objective of this re-
search project was to build a diver propulsion vehicle (DPV), or underwater scooter as it 
came to be known.  The scooter would have to reliably pull an adult through water and 
allow neutral buoyancy whereby the user would neither submerge to the bottom nor float 
to the surface.  The entire system would also need to be waterproof to protect the elec-
tronics and sustain the life of the scooter.  The prototype also had to be durable and able 
to function for an extended period of time.  Finally, the scooter had to be built at a rela-
tively low cost.  A combination of relevant mechanical engineering, electrical engineer-
ing, and programming programing skills were required to design and assemble a working 
prototype.  The first prototype did not fulfill the given requirements, but upgrades to this 
initial model generated a more efficient design.  Further upgrades could improve the 
style, speed, and efficiency of the underwater scooter.  Over time, some aspects of the de-
sign, with upgrades, could have commercial applicability. 

Introduction 

A diver propulsion vehicle, or underwater 
scooter as it came to be known, is a diving acces-
sory that offers divers many benefits as they ex-
plore the open ocean.  A scooter pulls the user 
through the open ocean, thereby minimizing the 
air used and energy exerted to move around in the 
water.  This allows for longer dives because the 
air in the diver’s tank is conserved.  Furthermore, 
scooters can pull a diver much faster than he or 
she can swim, allowing for more extensive explo-
ration in a single dive.  Underwater scooters can 
also make diving safer and less stressful in the 
case of a moderate to strong current.  In addition, 
less exertion at deeper depths decreases the risk 
of decompression-related sickness. Final- 
ly, some users simply enjoy the experience of  
being pulled through the water [1].  The scope 
of this project was to develop my own underwater 
scooter that could reliably pull an adult through 
the water. 

As I researched the topic, I noticed that 
the majority of commercially available underwa-
ter scooters had a cylindrical shape, built around a 
single thruster.  They could be purchased in most 
dive shops or online with prices ranging from a 
few hundred dollars for a basic model to 
thousands of dollars for a faster and more ad-

vanced model.  Some of the top manufacturers 
include Sea-Doo [2] and Bladefish [3].  

When designing my own underwater 
scooter, I envisioned a flatter model, something 
that would turn from side to side as one glided 
through the water.  I discovered a product called 
Subwing [4] which is a wing-like structure that is 
attached to the back of a boat.  As the boat 
moves, Subwing allows the user to fly underwater 
and navigate around coral reefs.  As such, I be-
came interested in creating a wing-like structure, 
but instead of the boat, I wanted to make the 
product battery-operated with dual thrusters driv-
ing it. 

Figure 1 Overview of Final Prototype 
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Building the System Overview 
 

The underwater scooter underwent two 
design prototypes.  The first was built using an 
acrylic platform, a dry box that housed the elec-
tronics, and dual thrusters that drove the scooter.  
The scooter was powered by a 12V sealed lead 
acid battery.  The battery powered a 556 timer, 
which is a dual integrated circuit chip that can be 
used for a range of electronic applications.  In this 
case, the 556 timer generated a pulse-width mod-
ulation (PWM) signal to the thrusters.  The motor 
controller was enabled and disabled by a magnet 
switch on the top of the dry box.  Initial testing 
exposed several deficiencies, leading to an up-
graded version of the scooter. 
 For the second prototype the acrylic plat-
form was reshaped to improve its hydrodynamics.  
An 18.5V lithium ion battery was used instead of 
the 12V to drive the thrusters.  A microcontroller 
called Arduino Uno replaced the 556 timer and 
generated the PWM signal to the motors.  The 
Arduino code was programmed to operate the 
scooter at five speed increments from off to full 
power.  The original magnet was used as a safety 
enable/disable function for the thrusters.  Addi-
tionally, the five speed interval was activated by 
stronger magnets placed inside the thumbs of la-
tex cleaning gloves.  The user could press his or 
her thumb up against the side of the dry box to 
increase or decrease speed.  Overall, the second 
prototype improved the scooter’s functionality. 
 
Initial Prototype 
 
Platform Design: 
 The main concern when building the un-
derwater scooter was that all the materials had to 
be completely waterproof to prevent leakage or 
rust.  For the foundation of the scooter, an 18 in. 
x 24 in. acrylic platform was selected.  The han-
dlebars were made of nickel drawer handles that 
would not rust easily.  These handles were 
mounted on both sides of the platform, approxi-
mately one-third of the length up from the bot-
tom.  These handles could be used to turn the 
scooter right or left, or push up or down to ascend  
and descend. 

 The underwater scooter was powered by 
dual SeaBotix AUV/ROV thrusters [5].  These 
DC motors were installed on the bottom side of 
the scooter towards the back end.  The thrusters 
have three different sites at which holes were 
drilled and then screws were placed to attach 
them to the platform, as seen in Figure 2. 

 
 
 

Enclosure for Circuitry: 
 The electronics that power the scooter had 
to be housed in something that would guarantee 
absolutely no breach of water.  Finding an encas-
ing that would fit the platform and completely 
protect the circuitry became a difficult mechani-
cal challenge for the design.  Initially, the Plano 
1412 Marine Storage Box [6] that claimed to be 
“water-resistant” was selected.  When the box 
was submerged, however, water slowly seeped in 
due to deficiencies in the O-ring seal, making it 
unsuitable for the prototype.  Further trial and er-
ror of the box led to a decision to test another box 
with a more effective o-ring seal which, ultimate-
ly, became the solution to ensuring a completely 
watertight encasement. 
 The 309 Dry Box from Underwater Kinet-
ics [7] was chosen to use as the box to house the 
circuitry.  The 309 Dry Box has a silicon rubber 
o-ring seal and when tested, it showed no indica-
tion of leakage even after it was submerged com-
pletely for 4 hours in 2 ft. of water.  

Figure 2 Placement of thruster and screws 



 

 

FAURJ 

Volume 4, Issue 1 Spring 2015 64 

This box is now used as the main component to 
protect the electronics of the underwater scoot-
er.  The size specifications of the Dry Box are 
9.0 in. x 7.9 in. x 3.5 in. (See Figure 3). To 
keep the box in place, two holes were drilled 
through the acrylic platform on the outside of 
both sides of the box.  There, two bolts were 
placed and a black block fits on top to secure 
the box in place.  The black block can be 
screwed in tight when the scooter is in use or un-
screwed to access the electronic circuitry as need-
ed. 
 

 
 
 
 
 

Electrical Circuitry: 
  Initially, the underwater scooter was test-
ed using a 556 timer [8].  A 556 timer, which is a 
dual version of a 555 timer, is an integrated cir-
cuit that can perform a range of timer, pulse gen-
eration, and oscillator functions.  In this case, the 
timer generated a pulse-width modulation (PWM) 
signal which operated the circuit.  Figure 4 shows 
a 50% duty cycle PWM signal: one half of the 
time is high and the other half low.  A potentiom-
eter was soldered to a prototype board and ran the 
signal at approximately a 50% duty cycle. 

The entire system is currently powered by 
a 12V lead acid battery, a standard battery com-
monly used to power DC motors.  This battery 
first drives the 556 timer which emits the signal 
to an L298 Dual H-Bridge Motor Driver [9].  The 
H-Bridge was selected because the specifications 

show that it can handle the power required to 
drive the scooter.  The power of the scooter can 
be calculated by P = ½ ρCdA V3, where P is 
Power, ρ is the density of the fluid, Cd is the drag 
coefficient, A is the frontal area, and V is the ve-
locity.  In this case, the scooter will propel a per-
son at about .6 m/s (1.97 fps). Assume the cross 
section of the person is 0.5 m2, ρ is 1000 kg/m3, 
and Cd is 1, then the power required is equal to 
50W.  The electrical power required, however, is 
determined by the motor/thruster efficiency: Effi-
ciency = (Mechanical power produced) / (Electri-
cal power consumed).  Efficiency is always less 
than 100% and for the propulsion of the scooter, 
we will assume it is about 50%. As a result, a 
production of 100W of electrical power will be 
required to run the scooter. The motor controller 
would need to produce about 8A at 12V. 

The L298 Dual H-Bridge Motor Driver is 
also a dual motor driver which allows it to power 
two separate thrusters.  It has the ability to drive 
the Seabotix thrusters simultaneously in either 
direction.  In this case, it was hard wired to pro-
vide thrust in a single, counter-clockwise direc-
tion.  A Littelfuse 15A, fast acting, 3AG type in-
line fuse [10] was installed at the plus side of the 
battery to prevent an excess amount of current 
and overheating.  All the electronic components 
are mounted inside the Dry Box using Velcro 
tape.  This tape keeps all the pieces secure but 
also allows everything to be removed quickly and 
effectively as needed. 
 
Sensor and Control System: 

The enable/disable function of the motor 
controller is directed by a Hall Effect 506 Sensor 
[11].  The Hall Sensor acts as a switch that can be 
activated by a magnet.  The use of a magnetic 
field avoids the complications of installing a wa-
tertight switch. The Hall Effect 506 Sensor is at-

Figure 3 309 Dry Box and secured block 

Figure 4: PWM Signal 
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Figure 5 Final Assembled System with Underwater Cabling 

tached to a connector on the prototype board and 
also tied to the logic power supply on the L298 
Dual H-Bridge.  The H-Bridge reads the state of 
the sensor to determine whether the thrusters 
should operate.  Normally the Hall Sensor is set 
to 5V, but the voltage is pulled to 0V when the 
magnetic field from the magnet is sensed by the 
Hall Sensor.  This enables the motor controller so 
the thrusters will run.    

The Hall Sensor itself is epoxied at the  
top of the 309 Dry Box used to enclose the cir-
cuitry.  Adjacent to the Hall Sensor is a small 
piece of scrap metal that is also epoxied to the 
box.  This allows a magnet to be placed at the top 
of the sealed box and lets the scooter run continu-
ously as a result of the magnetic attraction.  The 
magnet itself is enclosed in waterproof tape and 
attached to a lanyard that can be fastened around 
the wrist of the user.  At any time while the 
scooter is in use, the operator can disable the 
thrusters by pulling the lanyard and the magnet 
off the box.  
 
Cables and Connectors: 
 The underwater scooter is powered by two 
thrusters, each with its own wire-wrap cable.  
These cables are fed to the battery, 556 timer, and 
dual motor driver to power the thrusters.  As a 
result, two underwater connectors are positioned 
on the Dry Box.  These connectors separate the 
cables outside the box which are exposed to water 
and the electronics inside the box, which, again, 
cannot get wet. In order to install the underwater 
connectors between the circuitry and the thrust-
ers, two holes were drilled on each side of the 
box.  After soldering the wires, the cables were 
coated with Scotchkote [12] to resist any water 
intake.  After five minutes, the wires were con-

nected with rubber splicing tape. 
 Two large holes were drilled at the top 
corners of the acrylic platform to feed the cabling 
from the motors underneath to the top of the plat-
form.  The cabling then runs across the top of the 
platform and attaches to the underwater connect-
ors on the back ends of the box which houses the 
electronics.  Several cable clamps are mounted on 
the platform to hold the coiled cables in place.  
Figure 5 shows the final assembled system. 
 
Initial Testing: 
 The scooter was initially tested for func-
tionality, speed, and buoyancy in a swimming 
pool with a maximum depth of 5 ft. The scooter 
was in use for three, fifteen minute trials.  Overall 
observations of the scooter’s performance were 
recorded. 
 The testing for the first prototype of the 
underwater scooter proved that it could run in the 
correct direction underwater.  There was no leak-
age or other waterproofing complications.  The 
scooter, however, ran too slowly to fulfill the re-
quirement of efficiently pulling an adult through 
water.  It was not possible to take an accurate 
measurement of the speed because of the natural 
inclination for the user to kick his legs to help 
propel forward. 
 Also, the magnet did not successfully re-
main on the box throughout the trials.  As the 
scooter was propelled through the water, the 
magnet would easily slip off the top of the Dry 
Box from the flow of the water and, thus, the 
scooter would stop running.  To keep it moving, 
the user was forced to hold the magnet on the cor-
rect spot to activate the Hall, yet this was difficult 
to do. 
 This test also proved that there was an un-
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even distribution of weight and this impacted the 
overall buoyancy of the scooter.  The Dry Box 
and platform in the front of the scooter were posi-
tively buoyant, while the thrusters in the back 
produced negative buoyancy.  The net buoyancy 
was slightly positive and, as a result, allowed the 
scooter to stay underwater when exerting force.  
This discrepancy, however, made it difficult to 
balance and control the scooter.  The user was 
forced to push down on the front of the platform 
to evenly distribute the weight and attempt to 
keep the buoyancy neutral. 
 
Upgraded Prototype 
 
Platform Upgrade: 
 The acrylic platform’s large surface area 
caused the underwater scooter to be positively 
buoyant toward the front.  To fix this issue, the 
surface area needed to be reduced or cut down in 
size.  With the help of mechanical engineering 
undergraduate students at FAU, a water jet was 
used to cut the front of the acrylic platform into a 
crescent shape, as shown in Figure 6.  This design 
was also intended to make the scooter more hy-
drodynamic because it reduced the amount of 
drag produced by the excess surface area. 
 
Electronics Upgrade: 
 To increase the power of the scooter, the 
battery was upgraded from a 12V to a 18.5V  
Lithium-Ion battery.  The energy density of the 
Lithium-Ion packs is substantially greater than 
that of the sealed lead acid batteries.  The higher 
voltage stayed within the specifications of the 
system components.  Also, the Seabotix thrusters 
are 18V rated which explained the lack of speed 
while driving them at 12V.  To enhance the func-
tionality of the circuitry, the 556 timer was re-
placed by an Arduino Uno microcontroller [13].  
Arduino is a software program written in C/C++ 

coding that can perform a wide range of func-
tions.  Specifically for this project, the Arduino 
Uno allows the scooter to run at five different 
speed intervals separated equally from off to full 
power.  In addition, the programming for the Ar-
duino code controls the direction of the thrusters 
and the control system of the scooter.  In order to 
power the Arduino microcontroller, a LM317T 
Voltage Regulator [14] was used to step down the 
18.5V to 9.9V regulated voltage to meet the input 
voltage specifications of the UNO.  The Pololu 
Dual VNH5019 Motor Driver Shield for Arduino 
[15] was used to replace the L298 Dual H-Bridge 
Motor Driver as the motor controller that directs 
the two Seabotix thrusters simultaneously.  This 
motor shield is compatible with the Arduino Uno 
and fits directly on top of it.  The motor shield 
was chosen because it can operate under the 
18.5V battery and can deliver a continuous 12-A 
to each Seabotix thruster. 
 
Sensor and Control Upgrade: 
 In order to control the speed of the un-
derwater scooter, two more hall sensors were 
added to the circuit.  These hall sensors were 
epoxied to the inside of the Dry Box right above 
the cable connectors in the back.  The hall sensor 
on the right drives the scooter faster while the hall 
sensor on the left reduces the speed of the scoot-
er.  When the scooter is running at full capacity, 
the right hall sensor will not affect the speed.  
When the scooter is off, the left hall sensor will 
not function.  These hall sensors drop the current 
low when activated by a magnet which then caus-
es them to perform their assigned functions.  
The control magnet was replaced by a neodymi-
um magnet because it provided a stronger mag-
netic force than a traditional magnet.  This 
stronger magnet more effectively remained on top 
of the Dry Box while the scooter was in use.  Ad-
ditionally, because the magnet had a ring shape, 
the lanyard could be reliably attached. 
 Two nickel plated ring magnets were used 
to control the speed of the scooter.  These mag-
nets are axially magnetized so only one side will 
activate the hall sensor.  The magnets were placed 
in between the thumb space of two latex cleaning 
gloves with the correct side facing out.  The oth-
er four fingers were removed from the gloves, 
allowing the user’s fingers to have direct contact 
with the scooter’s handles.  These gloves are 

Figure 6 Progression of Platform Design from First to 

Second Prototype 
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used as hand controls for the scooter’s speed.  
When the user wants to change speed, he can 
press his thumb against the side of the Dry Box to 
either increase or decrease the speed, as indicated 
in Figure 7. 
 

Final Testing: 
 To test the upgraded prototype, the scoot-
er was similarly observed for buoyancy, speed, 
and overall functionality in a swimming pool with 
a maximum depth of 5 ft.  The scooter was again 
tested for three, fifteen minute trials.  Plus, the 
final trial provided data to calculate the five dif-
ferent speed intervals. 
 The testing of the second prototype 
proved to effectively correct the limitations of the 
first scooter including buoyancy, magnet place-
ment and speed.  Due to less surface area of the 
scooter, the scooter remained closer to neutral 
buoyancy.  The magnet on the top of the scooter 
and in the thumbs of the latex gloves remained in 
place while the user operated the scooter.  Final-
ly, the scooter was able to deliver a higher speed 
and provide speed intervals as well.   

 To calculate the speed of the scooter, a 
measuring tape measured 10 ft. along the side of 
the pool.  The scooter ran at each speed for 10 ft. 
and the times were measured manually using a 
stopwatch.  Shifts in vertical movement and slight 
leg movement of the user may affect the precision 
and accuracy of the results.  Human delay must 
also be considered as a factor when measuring the 
times.  From lowest speed to highest speed the 
times read 21.0 s (0.48 fps), 11.0 s (0.91 fps), 7.5 
s (1.33 fps), 6.2 s (1.61 fps), and 4.8 s (2.08 fps).  
Figure 8 shows a linear relationship between the 
actual scooter’s speed and the command signal. 
 
Conclusion 
 

Ultimately, the second prototype of the 
underwater scooter met the initial requirements of 
research project.  From the first prototype, altera-
tion of the platform reduced the surface area of 
the scooter and allowed for more neutral buoyan-
cy.  An 18.5V battery upgrade from a 12V battery 
significantly improved the speed of the scooter, 
recording a maximum speed of 2.08 fps.  Addi-
tionally, the incorporation of Arduino Uno micro-
controller, Pololu Dual VNH5019 Motor Driver 
Shield for Arduino, and LM317T Voltage Regu-
lator considerably advanced the control mecha-
nisms for the scooter. The addition of further 
magnets, including a ring shaped magnet, was 
also necessary to enable better control the system.  
Overall, the design of the underwater scooter pre-
vented water leakage and effectively protected 
the circuitry.  Despite fulfilling the initial re-
quirement of this research project, further design 
and functionality upgrades are necessary to give 
the underwater scooter commercial value. 
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