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component of the molecular clock in order 

to see if it induces therapeutic effects. 

There have been no studies that examined 

the effects of stress on Per2 expres-

sion. Studies have shown that Per1 can be 

rapidly induced under stressful condi-

tions. For this reason, it is predicted 

that Per2 expression will be stress and 

endogenous CORT sensitive in each region 

of interest. 

Bmal1: Bmal1 was chosen as a gene of 

interest because it is involved in the 

positive transcription loop in the molec-

ular clock. Expression patterns are typi-

cally antiphasic of Per2, due to the 

fact that these two clock genes partic-

ipate in complementary transcriptional/

translational activities (Figure 3)12. We 

predict that Bmal1 expression will display 

patterns of oscillation that are in 

opposite phase of Per2.

C-Fos:  C-Fos was chosen as a positive 

control because it can be utilized as 

a biomarker for cellular activity29,30. 

Detectable levels of c-Fos would indicate 

that the cell was generally reactive to 

stress29. C-Fos also displays a circadian 

pattern of activation, with levels being 

highest during the animal’s wake cycle. 

For this reason, c-Fos expression in the 

hippocampus and amygdala should display 

higher levels at ZT16 than ZT4. Stress 

will also prompt a rapid induction of 

c-Fos.

Figure 3: Simplified model of the mammalian mo-
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Indianapolis, IN). Rats were divided 

evenly into four different light/dark 

rooms as described in supplementary figure 
1. Food and water were available ad 

libitum. After arrival at the facility, 

rats were given 2 weeks to acclimatize 

to their new environment.  The acclima-

tion period is vital for ensuring that 

any displayed stress effects are due to 

the experimental treatment rather than a 

reaction to a novel environment. Animals 

were ethically treated and their use 

in this experiment was approved by the 

University of Colorado’s Institutional 

Animal Care and Use Committee.

[…]

Surgery

After the 2-week acclimation period, 

rats were given either adrenalecto-

mies (ADX) or control (SHAM) surgeries. 

Both treatment groups received bilateral 

peritoneum incisions in order to expose 

the adrenal glands. In the ADX group, 

subjects’ adrenal glands were located and 

removed using intestinal tissue forceps. 

The SHAM group followed the same procedure 
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ADX35; however, that trend was not directly 

observed. There was a main effect of 

time in CA1, CA3 and BLA. These rhythms 

are consisted with previously published 

research with adrenal intact animals36.

Although insignificant, there was a 
general trend of ZT4 having higher expres-

sion than ZT16; however, this trend was 

reversed in sham animals in CEA. This 

result is consistent with other experi-

ments that show Per2 mRNA and PER2 protein 

levels display opposite rhythms than 

BLA and hippocampus35,36. Interestingly, 

we found that this time of day differ-

ence had the opposite pattern in ADX rats, 

resulting in a significant time by adrenal 
status interaction.

Future studies should examine the role 

different types of stressors play in Per2 

expression. Restraint stress activates 

the HPA axis, making it a good candi-

date to study mild stress. While mild 

stress did not alter Per2 expression, 

different stress models may yield dissim-

ilar results. A good starting point would 

be analyzing prolonged and repeated stress 

because these conditions have been shown 

to modulate many processes that are under 

circadian control39. 

BMAL1
 

  Stress had no effEct on BMAL1 expression 

in hippocampus or amygdala. The results 

show a significant time of day effect in 
CA1 and CA3 for Per2 with expression being 

higher at ZT16. Bmal1 displayed higher 

expression at ZT4 in both of these brain 

regions as well as BLA. The molecular 

clock model suggests that Per2 expres-
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ABSTRACT 

The Great Barrier Reef is an extremely 

complex ecosystem, home to more than 1,500 

fish species and countless other verte-
brates and invertebrates. Currently, a 

massive coral bleaching event is occurring 

(the fourth of these events since 1998), 

which is killing live coral all over the 

reef. Coral bleaching occurs because of 

global climate change and subsequent 

rising ocean temperature. The purpose 

of this study was to investigate the 

question of how coral bleaching affects 

three sympatric butterflyfish species, 
Chaetodon auriga, Chaetodon ocellicaudus, 
and Chaetodon plebeius, at Horseshoe Reef 
and Palfrey Island Reef, both located off 

the coast of Lizard Island, Australia. 

The primary hypothesis states that coral 

bleaching has a negative effect on fish 
abundance because it decreases the amount 

of live coral for fish to feed on and use 
as shelter. The second hypothesis states 

that omnivorous fish, or generalists, will 
be able to survive better in a bleached 

environment than coralivorous fish, or 
specialists. Fish abundance and behavior 

data were collected using a visual belt 

transect method and substrate composition 

data were collected using a line transect. 

Results did not clearly support either 

hypothesis. Focal species were overall 

more abundant at Palfrey Island Reef, 

which showed the most coral bleaching, but 

focal species spent more time feeding at 

Horseshoe Reef compared to Palfrey Island 

Reef. In addition, C. auriga (omnivo-

rous species) was observed utilizing a 

wider variety of microhabitats than C. 

ocellicaudus and C. plebeius (coralivo-
rous species), but C. auriga was not more 

abundant than the other focal species at 

Horseshoe Reef (the most bleached site) as 

predicted. Although no strong conclusions 

were drawn from the findings of this study, 
the data allow humans to better understand 

the behavior of omnivores and corali-

vores in habitats being overcome by coral 

bleaching. 

INTRODUCTION  
 

The Great Barrier Reef is one of the 

largest and most complex ecosystems on 

the earth, housing more than 1,500 fish 
species, fostering a complex biodiver-

rous species), but 
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Barrier Reef, in which the biodiversity 

of the reef is upheld by the intercon-

nected systems of flora and fauna working 
in complex give-and-take relationships. 

Many of the reefs surrounding the island 

also have been affected by the current 

coral bleaching event. A previous study on 

the effects of coral bleaching on coral 

habitats and associated fishes examined the 
breadth of species that are negatively 

affected by coral bleaching (Pratchett et 

al., 2012). The research revealed that fish 
species that directly feed on coral are 

most strongly affected by coral bleaching 

and die off in the greatest numbers, but 

even non-coralivorous fishes still depend 
on the coral structure for their habitat 

and thus their population decreases from 

coral bleaching. Reef ecosystems are 

so tightly interconnected that all fish 
species are affected by climate change, 

rising ocean temperature, and subsequent 

coral bleaching events (Pratchett et al., 

2012). 

There were two identified hypotheses 
surrounding the question of how coral 

bleaching affects fish abundance and 
behavior. Possible explanations revolve 

around coral as a habitat and major food 

source in a reef ecosystem. The primary 

hypothesis states that coral bleaching has 

a negative effect on fish abundance because 
it decreases the amount of live coral for 

fish to feed on and use as shelter. Three 
species of butterflyfish were examined in 
this study: Chaetodon auriga, Chaetodon 
ocellicaudus, and Chaetodon plebeius. It 
is predicted that all three species of 

butterflyfish will be more abundant in reef 
habitats that are less bleached than in 

reef habitats that are strongly bleached. 

In addition, it is predicted that fish 
found in highly bleached areas will be 

observed swimming more frequently than 

actively eating, and vice versa for less 

bleached sites. A previous study examining 

resource partitioning among butterflyfish 
species revealed that bite rate is a good 

indicator of feeding habit and swimming 

is a good indicator of foraging (Zekeria 

et al., 2002). It is also predicted that 
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Figure 1 displays a higher overall abun-

dance of the three species on the reef flat 
compared to the reef crest at both sites. 

[…] 
 

Behavior

Observations were recorded for 32 C. 

auriga, 6 C. plebeius, and 23 C. ocelli-

caudus. Figure 2a displays the percentage 
of time each fish was observed swimming 
during the three- minute observation 

period. It shows that fish spent 6.7% 
greater time swimming at Palfrey Island 

Reef than at Horseshoe Reef, and C. auriga 

spent the most time swimming out of all 

the focal species. Figure 2b displays the 

percentage of time each fish was observed 
utilizing shelter during the observa-

tion period. It illustrates that fish 
spent 19.2% more time utilizing shelter 

at Horseshoe Reef than at Palfrey Island 

Reed, and C. plebeius utilized shelter the 

most out of all the focal species. Figure 

2c shows the percentage of time each fish 
was observed feeding during the obser-

vation period. It illustrates that fish 
spent 6.2% more time feeding at Horseshoe 

Reef than at Palfrey Island Reef, and C. 

ocellicaudus spent the most time feeding 
out of all the focal species. Figure 2d 

displays the percentage of time each fish 
was observed interacting with other fish 
during the observation period. It shows 

that fish spent 27.3% more time interacting 
with other fish at Palfrey Island Reef 
than at Horseshoe Reef, and C. plebeius 

interacted the most out of all the focal 

species. 

Figure 2. Percentage of time C. auriga, C. ple-
beius, and C. ocellicaudus were observed (a) 
swimming, (b) utilizing shelter, (c) feeding, 
and (d) interacting with other fish during the 
three-minute observation period at Horseshoe 

Reef and Palfrey Island Reef. 

Tables 1 and 2 display the microhabi-
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Substrate

Figure 3 displays the average percent 

cover of benthic coral and substrate 

observed along line transects at Horseshoe 

Reef and Palfrey Island Reef. Soft coral 

was most abundant at Horseshoe Reef, 

whereas rubble was the prominent ground-

cover at Palfrey Island Reef. Although 

soft coral was dominant overall at 

Horseshoe Reef, there was a slightly 

greater amount of hard dead coral than 

soft coral on the reef crest at this site.  

[…]

A total of 453 hard corals (228 at 

Horseshoe Reef and 225 at Palfrey Island 

Reef) and 632 soft corals (395 at 

Horseshoe Reef and 237 at Palfrey Island 

Reef) were observed along the line tran-

sects. 97.0% of hard coral (Figure 4a) and 
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EXECUTIVE SUMMARY

Anthropogenic climate change is trans-

forming the natural environment, directly 

undermining the wellbeing of global popu-

lations and placing considerable stress on 

livelihood systems. In developing coun-

tries, the prominence of climate-sensitive 

sectors, primarily subsistence farming, 

promotes the conditional relationship 

between individual livelihoods and climate 

variability. 

ADAPT – Sri Lanka carried out a survey 

(SEADS) encompassing responses from 25 

different communities and 1148 households 

in the dry zone of Sri Lanka. The goal was 

to understand how farmers adjust their 

farming practices when they encounter 

challenges attributed to climate change.      

Utilizing data collected from SEADS, I 

analyzed and interpreted the relation-

ship between the five types of capital, 
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Multivariate Regression Model 1.  

Adaptive Efficacy

The first outcome variable I looked at 
was Adaptive Efficacy. Adaptive Efficacy 
refers to a farmer’s perceived ability to 

overcome problems in cultivation. Overall, 

the data show that an increase in natural, 

financial/physical, and social capital 
increases a farmer’s adaptive efficacy. On 
the other hand, human capital does not 

seem to have an influence. 
The predictor variable used to represent 

natural capital is Perceived Environmental 
Vulnerability. Perceived Environmental 

Vulnerability refers to a farmer’s percep-

tion of their yield’s vulnerability to 

environmental threats. This variable was 

categorized as part of natural capital 

because a farmer’s environmental vulner-

ability is closely tied to the avail-

ability of natural resources. For example, 

as actual rainfall conflicts with expected 
rainfall, a farmer may feel that his yield 

is threatened by a lack of water and will 

seek an alternative way to secure enough 

water for his cultivation. As a farmer 

becomes more aware of changing environ-

mental conditions, his natural capital 

increases. Data from my analysis show that 

as a farmer feels more vulnerable, their 

adaptive efficacy increases. An explana-
tion for this relationship can be that a 

farmer who feels especially vulnerable is 

more likely to seek help or information 

to decrease his or her vulnerability. By 

becoming more informed, and therefore more 

prepared, a farmer can foresee challenges 

and address them early on, thus building 

his adaptive efficacy. 
Reliance on Machinery is indicative of 

financial/physical capital and refers to 
the diversity of equipment a farmer held. 

Potential examples include a tractor, 

sprayer, water pump, combine harvester, 

and water buffalo. In Sri Lanka, having 

access to such equipment is a symbol of 

economic wealth.  Farmers that have access 

to a diverse range of machinery and infra-

structure are better able to adapt to 

climate challenges. For example, a water 

pump can be especially helpful when there 

is little rainfall and water must be 

irrigated from a far distance. In this 

scenario, farmers with access to estab-

lished irrigation infrastructure would be 

better able to adapt to drought than those 

who do n尀
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social capital seem to be the largest 

contributors to promoting adaptive 

behavior among Sri Lankan farmers. Both 

financial and social capital create buffers 
that prevent a farmer from experiencing 

the shortcomings associated with trying 

something new or different from the estab-

lished norm. Thus, a farmer who has large 

quantities of financial/physical and social 
capital will be better able to develop 

climate resilience and address the chal-

lenges associated with climate change.  

Research Question 2: Capital and 
Sustainable Livelihood Outcomes 

The second goal of my statistical 

analysis was to shed light on the rela-

tionship between capital and sustainable 

livelihood outcomes. Through my analysis, 

I wanted to understand how capital 

contributed to a farmer securing outcomes 

that promoted a sustainable liveli-

hood. My analysis draws from Multivariate 

Regression Model 2, displayed in the 

Results section of this document. The four 

sustainable livelihood outcomes I studied 

are economic welfare, nutrition, health, 

and happiness.  

Economic Welfare 

An important outcome of a sustainable 

livelihood is economic welfare. To analyze 

economic welfare, I looked at two outcome 

variables: Maha Yields and Debt. Higher 

Maha yields supports economic welfare, but 

debt completely deteriorates it.

 

[…] 

Overall, Maha yields were dependent on 

financial and social capital. Reliance 
on Machinery, Hired Help, Wealt�
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and trust of community-based organiza-

tions (Minamoto, 2010). Most national and 

international aid groups focus on creating 

financial capital by trying to increase 
yields and savings, but the creation of 

social capital may require even fewer 

resources and be just as valuable.  

Sri Lanka is still recovering from the 

impacts of its recent civil war, so social 

capital may not be at its peak simply 

because the legacy war leaves behind tends 

to be extensive. Also, those impacted the 

most by the war were people in the dry 

zone, my study group. As such, a different 

approach to social capital may be neces-

sary. Research indicates that rather than 

focusing on engineering social capital, 

external agencies need to focus on better 

understanding the preconditions for 
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they could not be used to estimate a true 

representation of the rural population of 

Colorado’s opinions because my sample size 

was too small to create valuable confidence 
intervals. Along with this, a portion of 
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other aspects of funding, because there 

may be available solutions unique from 

my proposal, but that accomplish similar 

goals. 

My solution was an attempt to provide a 

more palatable answer to the vast number 


