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Abstract 

 This project involved studying the historic site of Tumamoc Hill in West Tucson and its 

associated conservation efforts, research, and public use. We looked at the anatomy and 

physiology of the cardiovascular system, and the components and functions of the heart, blood 

vessels, and blood. We studied Down Syndrome and common heart defects associated with the 

trisomy of chromosome 21. We then looked at the acute and chronic cardiovascular adaptations 

associated with exercise, and additional exercise-related considerations needed for individuals 

with Down Syndrome. After studying these topics, Dr. Zoe Cohen, Alyson Fix, and Michael 

Seacat hiked Tumamoc Hill and distributed brochures incorporating learned information to 

hikers that were "Rocking the Moc." Experiences and findings were presented at the Physiology 

Poster Session on April 17, 2013. 

 

Tumamoc Hill 

           Located just west of the city's downtown metro center is Tumamoc Hill, Tucson Arizona's 

US National historic landmark and Archaeological District. Among Tucsonans the hill is famous 

for many things. Not only is it the location of a 2300-year-old ruined village and a preservation 

site for ecology and culture, but it is a communal place for Tucson residents to hike, enjoy 

Tucson's landscape, and learn about its history dating back 2500 years. Although most call the 

hill "Tumamoc" or “T-hill,” to the Hohokam, Tohono O’odham, Akimel O’odham, and Hopi 

people it was once called “Cemamagí Do’ag.” The 860-acre area is managed by the University 

of Arizona College of Science and the Arizona Pima County, and has established primary goals 

of conservation, research, and public use (Tumamoc: People and Habitats). 
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Conservation 

In 1906 Tumamoc Hill became the world's first restoration project. Beginning as a 

barbed wire enclosed area, the land and its natural vegetation was preserved as a non-grazing 

location. This early idea of preservation set the stage for what Tumamoc would eventually 

become. In 1940, during the midst of the Great Depression, the land was sold to the US Forest 

Service for $1. The US Forest Service vowed to keep the area enclosed to protect it from 

livestock grazing, but during their 20 years of ownership they destroyed some of the landscape 

while installing a Marine Corps training facility, numerous roads, and a clay pit used for creating 

bricks. In 1960, the University of Arizona gained ownership of the land with the promise to only 

use it for the purposes of research and education. In 2008 the University decided to partner with 

the Alliance for Reconciliation Ecology (ARE) to ensure the land and its forms of life are 

conserved for generations to come (Tumamoc: People and Habitats). 

         The University partnering with the Alliance helped anchor the devotion to restoration and 

conservation on Tumamoc. The Alliance's research concluded that more that 90% of animal and 

plant species living in Pima County would not survive for an indefinite amount of time based on 

our living conditions and treatment of natural habitats. To address this problem, Tumamoc Hill 

set up three ecological pillars to conserve nature: Reservation Ecology, Restoration Ecology, and 

Reconciliation Ecology. Reservation Ecology is the "Setting aside land for the preservation of 

native species and natural landscapes." The goal is to focus on maintaining and supporting 

habitats and natural life while the metropolitan area continually expands. The second pillar, 

Restoration Ecology, has the objective to "Restore nature and study her in the absence of human 

use." Located a few miles from Tucson's urban areas, this oasis of preserved land is important to 

the vitality of natural species, habitats, and research goals of the landholder, the University of 
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Arizona College of Science. The third pillar, Reconciliation Ecology, deals with "learning how 

to spread habitat in places where people continue to live and work." The Tumamoc management 

has stated that they intend to "tear down the imaginary wall that separates humans from most 

other species." They believe that integration of human, plant, and animal life is the only way to 

preserve the current natural diversity of our land. Based on these three pillars, Tumamoc Hill 

will not only be a place where this diversity can continue to thrive, but it also will act as a model 

for how we can sustain life in the arid Southwest (Tumamoc: People and Habitats). 

 

Research 

The scientific studies that take place on Tumamoc consist of the Desert Laboratory, 

Archeological research, and the Alliance for Reconciliation Ecology. Tumamoc's Desert 

Laboratory is one of the world's oldest locations for arid land studies and restoration ecology. Its 

studies on the winter-annuals wildflower, Saguaro cacti, and environmental harm from 

urbanizations are well-known.  On an archaeological basis, Tumamoc Hill has many encircling 

walls, terraces, structures and petroglyphs that date back to 500-300BC. 

Figure 1: Petroglyph of Tumamoc Hill 

 

Figure 1 shows a petroglyph which is one of many located on Tumamoc Hill. These petroglyphs 

were created by the ancient Hohokam people, and depict various animals and shapes (Tumamoc: 

People and Habitats). These remnants are being used to study Tucson's ancient history. The 
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studies that the Alliance for Reconciliation Ecology performs focus on community involvement. 

Many Tumamoc hikers collect data on flowering species and homeowners nearby are involved in 

bird watching that contribute to the Tucson Bird Count consensus. This not only provides data 

for analysis, but also contributes to linking the Tucson community to its natural environment, the 

third pillar of Tumamoc Hill, Reconciliation Ecology (Tumamoc: People and Habitats). 

         Other research studies that are conducted on the hill include Barrel Cactus/Ant 

Mutualisms, Physiological Ecology and Ecosystem Studies, Phenology/Reproductive/Population 

Ecology in Desert Plants, Plant Community Structure and Scaling Studies, Mapping of Invasive 

and Non-native Species, Blue Paloverde Riparian Study, Desert Tortoise Disease Study, and a 

study on the interaction between small winter annual plants and the insects/rodents that prey on 

their seeds (Tumamoc: People and Habitats). 

  

Public Use 

               The paved 3.1 mile round-trip hike with over 700 feet of elevation gain makes 

Tumamoc Hill an ideal hiking spot for many Tucsonans to exercise and to take in the Tucson 

landscape and ancient culture. Many Tucson schools use the hill on field trips to teach students 

about Tucson ecology. In the future there are plans to have classes on the top of the hill to teach 

the community about Sonoran culture specific to the unique site. With the multitude of people 

who use this site on a daily basis, Tumamoc Hill is a great place for the community to exercise 

and learn about their environment (Tumamoc: People and Habitats).  

 

Tucson Climate 

The climate of Tucson, Arizona is important to note, as it is a factor that needs to be 
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taken into account when hiking Tumamoc Hill. Tucson is located in the Sonoran Desert, an arid 

desert that spans a total of 100,000 square miles through Arizona, California, the Baja Peninsula, 

and Mexico. Tucson is the only major city in the Arizona Upland, one the subdivisions of the 

Sonoran Desert. The Arizona Upland uniquely has five different seasons, instead of the regular 

four (Arizona Desert Museum). The five seasons include: Spring (late February through April), 

Foresummer drought (May & June), Summer monsoon/summer rainy season (early July to mid- 

September), Autumn (October & November), and Winter (December, January & early 

February). There are two summer seasons due to the distinct drought that occurs yearly in May 

and June, prior to the monsoon season that occurs in the later summer months. Tucson receives 

only 12 inches of rain on average per year, with the most rainfall occurring during the summer 

rainy season. 

The elevation of Tucson is approximately 2,300 feet, with Tumamoc Hill reaching a 

peak elevation of 3,108 feet (SummitPost). This elevation is relatively low, making hiking 

conditions easier. There is less hypoxic stress on the respiratory and cardiovascular systems at 

lower elevations because oxygen levels increase with lower elevations. Depending on the time of 

year, the temperatures can vary drastically. In the summer months, the average maximal 

temperature is over 100°F, making hiking, or any physical exercise, difficult. To perform 

research, optimal months to hike Tumamoc hill in order to avoid heat exhaustion would be 

between the months of October through March. According to the Pima Community College 

Desert Ecology website, the average daily temperatures for throughout the year are as follows: 

Table 1: Average Temperature for Tucson, AZ from 1971-2000 
Month Average  

Temperature (°F) 
Average Maximum 
Temperature (°F) 

Average Minimum 
Temperature (°F) 

January 52 64 39 
February 55 68 42 
March 59 73 45 



!

! 8!

April 66 82 51 
May 75 90 59 
June 84 100 68 
July 87 100 73 

August 85 97 72 
September 81 94 68 

October 84 71 57 
November 72 59 45 
December 65 52 39 

Note: Data from the National Oceanic and Atmospheric Administration on the Pima Community 
College Desert Ecology website. 
  
 

Cardiovascular System 

  

Heart 

         The cardiovascular system plays an important role in exercise, as it provides circulation 

and oxygen to all the tissues of the body. The cardiovascular system consists of the heart, blood, 

and blood vessels—all of which are a part of a closed system. The heart is the main engine for 

the circulatory system, pumping blood throughout the body. The heart is located in the chest 

wall, in the mediastinum. Around the heart is a protective membrane known as the pericardium; 

the pericardium is filled with pericardial fluid, providing a place for the heart to lie without any 

friction. The base of the heart is the top of the heart, and the apex is the tip of the heart, formed 

by the left ventricle. 

         There are four chambers of the heart: the left ventricle, right ventricle, left atrium, and 

right atrium.  The right side of the heart is involved in pulmonary processes, meaning that the 

deoxygenated blood that flows into the right atrium is pumped to the lungs by the right ventricle. 

The left side of the heart functions as the systemic circulation of the body, pumping oxygenated 

blood to the tissues. Both the pulmonary circulation and systemic circulation are closed circuits, 
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but they are in series with one another, meaning the output of one becomes the input of the other 

(Tortora, 728). The right atrium is connected to the right ventricle by the tricuspid valve. This 

valve will open when the atria contracts, enabling blood to flow from the right atrium to the right 

ventricle. The right ventricle is connected also to the pulmonary valve—the valve that allows 

passage of blood toward the lungs to become oxygenated again. Similarly, the left atrium feeds 

into the left ventricle by the bicuspid, or mitral, valve. Once in the left ventricle, oxygenated 

blood is pumped through the aortic valve, into the aorta, and out toward the rest of the body.  The 

left ventricle is the strongest chamber of the heart. This is because it plays a vital role in pumping 

blood out to the rest of the body, whereas the right ventricle only pumps blood to the lungs, 

which are anatomically close. Refer to Figure 2 for a visual depiction of the anatomy of the heart 

and the direction of blood flow that occurs between the two closed circulatory systems. 

 

Figure 2: Normal Heart Anatomy (Yale) 
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Vessels: 

The vessels of the heart are the structures that enable blood flow to and from the heart. 

Five main types of vessels are found in the body: arteries, arterioles, capillaries, venules, and 

veins (Tortora).  Arteries are larger vessels that carry blood away from the heart to the other 

organs of the body. The arteries feed into arterioles, which are smaller in size. The smallest of 

the vessels, capillaries, are located in the tissues. These vessels allow exchange of nutrients to 

and from the tissues. Capillaries will recombine to form venules, which begin carrying 

deoxygenated blood away from the tissues. Venules feed into veins, which carry blood back 

toward the heart. Arteries and arterioles are important in regulation of blood pressure, as they are 

vasodilated or vasoconstricted depending on the chemical influences from the autonomic 

nervous system, as well as local regulation. They have thick walls that are elastic in nature. 

Depending on the size of the blood vessels, there is more or less resistance, thus affecting the 

blood pressure of the body.  

Capillaries are the microcirculation of the body and are usually found in groups of 10-

100, known as capillary beds. Each capillary has the diameter to allow the size of one red blood 

cell to flow through at a time. This is beneficial because the blood flow slows down due to the 

decreased diameter, allotting more time for diffusion of metabolic substances to occur between 

the tissues and the blood.  

Venules and veins are important for deoxygenated blood to flow back to the heart. 

Veins have very thin walls and contain valves that prevent backflow of blood. They are 

important during exercise when the muscles are contracting and increasing blood flow back to 

the heart. 
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Blood: 

        Blood is considered connective tissue and is highly mobile and travels through vessels to 

every system of the body. Blood flow is powered by the heart and vessels, and has many 

different components for various purposes. Blood makes up 8% of a person's body weight, and 

45% of the blood consists of formed elements and the other 55% consists of plasma. The formed 

elements include Red Blood Cells (RBC), White Blood Cells (WBC), and Platelets. Plasma 

consists of proteins, water, and solutes in the blood. Fats and carbohydrates are essential for 

energy storage. Na+, K+, and Ca2+ ion are important in maintaining cell membrane potentials, 

body structures, and movements. Na+ and Cl- ions are important for water and pH balances, as 

well as activating gastric enzymes in the GI tract. See Table 2 for more specifics on proteins and 

solutes in the blood. 

 

Table 2: Substances in Blood Plasma (Tortora, 692) 
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         Red bone marrow is the major site of hemopoiesis, or the formation of blood cells. Red 

bone marrow is located in bones between trabeculae of spongy bone tissue. Pluripotent stem 

cells develop in the red bone marrow and eventually differentiate into different types of cells in 

the blood. If the pluripotent stem cells develop into lymphoid stem cells, they can branch out into 

T lymphocytes (T cells), B cells (B cells), or Natural killer cells (NK cells) to take part in 

immune responses. If the pluripotent stem cells develop into Myeloid stem cells they can branch 

out to become Monocytes, Neutrophils, basophils, eosinophils, platelets, or erythrocytes (RBCs). 

Each type of cell plays a different role in the blood. See Table 3 for functions of each cell. 
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Table 3: Summary of Formed Elements in Blood (Tortora, 702) 

 
 

Red blood cells are important for O2 and CO2 transport in the blood. Functioning 

tissues throughout the body use O2 and release CO2 as a waste byproduct. Hemoglobin is a 

protein tetramer with four heme units, each capable of binding to oxygen or carbon dioxide. 

There are over 200 million hemoglobin molecules in one red blood cell, allowing a great deal of 

nutrient and waste transport in and out of the body. About 98% of oxygen and 10% of carbon 
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dioxide in the blood travels bound to hemoglobin. At different O2 partial pressures throughout 

the body hemoglobin’s affinity for molecules change. At a PO2 of about 90 mmHg, similar to 

conditions in the arteries, hemoglobin saturation is at about 98%. This is because oxygen is 

picked up in the lungs. At a pO2 of about 40 mmHg, similar to conditions in the veins, 

hemoglobin saturation is at about 75%. This is because some of the oxygen was released to the 

tissues. Factors like pH, temperature, and diphosphoglycerate levels can affect the affinity of 

hemoglobin to help the body maintain homeostasis.  

 

The Three Purposes of Blood 

Overall, the blood has three primary jobs: Transportation, Regulation, and Protection. 

Blood acts as a transport for nutrients, wastes, hormones, and heat. It brings oxygen (bound to 

hemoglobin) from the lungs and nutrients from the GI tract to interstitial fluid in tissues. From 

there, the oxygen and nutrients enter body cells to be used as an energy source. CO2 and other 

waste products are taken up from body cells, travel through interstitial fluid to the blood, and are 

exported out of the body via the lungs, skin, or kidneys. Hormones are transported from 

endocrine glands to organs, and heat is distributed to specific organs for elimination. 

         Blood acts to regulate fluids throughout the entire body. It uses buffers to maintain pH 

levels. This is important during exercise especially. The high volume of water in blood is 

important for regulating body temperature and water/ion/protein content inside cells. When heat 

energy is added, the hydrogen bonds in water can be broken down, only changing the 

temperature of the water minimally. Water on the surface of our skin can also act to maintain 

body temperature by evaporating and transferring heat from the body to the environment. The 

water in the blood is able to enter and leave cells via osmosis. Since particles like to move down 
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concentration gradients, and sometimes can't enter or exit cells freely, water (which can freely 

enter and exit cells) can travel into or out of cells to stabilize gradients. 

         Blood protects the body in many ways. It protects from penetrating injuries by forming 

clots at the site of injury. White blood cells protect the body from outside pathogens or tumor 

growth by initiating and following through with an immune response. Proteins in the blood (such 

as cytokines, antibodies, and complement) also protect the body against infection. (Tortora) 

   

Cardiac Output 

Cardiac Output is the amount of blood ejected from the left ventricle each minute. It is 

a measure of the heart’s ability to increase its workload depending on the metabolic needs of the 

body, such as during intense exercise. Cardiac output (CO) is equal to stroke volume multiplied 

by heart rate. Stroke volume is the volume ejected from the left ventricle each contraction. This 

is usually around 70 mL/beat under normal resting conditions. Heart rate is the number of 

heartbeats per minute. Normally this is approximately 75 beats/minute. Multiplying the average 

resting stroke volume by the average resting heart rate, one obtains an average cardiac output of 

5.25 L/minute. This is close to the average adult’s total blood volume, 5 liters. In a minute, your 

cardiovascular system is able to circulate all your blood through your heart and lungs to be 

oxygenated again. During exercise the heart is able to increase stroke volume and heart rate, thus 

increasing cardiac output. Increasing cardiac output is vital during exercise in order to keep up 

with the body’s metabolic demands. 

 

Neuro-Hormonal Regulation 

Hormonal input provides the basis for manipulating the cardiovascular system 
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depending on the needs of the body. The medulla oblongata stem houses the cardiovascular 

center; from the medulla oblongata stems branches to the autonomic nervous system (ANS). The 

ANS is comprised of the parasympathetic and sympathetic nervous systems.  Parasympathetic 

nervous system is known as the “rest and digest” system, and is involved in decreasing heart rate 

via stimulation of the vagus nerve. The sympathetic nervous system is known commonly as the 

“fight or flight” system, and is involved in increased heart rate via hormones such as epinephrine 

and norepinephrine. These hormones bind to beta-adrenergic receptors, stimulating faster 

contractions of the heart. Not only do they affect the heart, but also cause vasoconstriction of the 

blood vessels, facilitating in increased blood pressure. 

 

Thermoregulation 

The body’s working muscles during exercise require increased blood flow in order to 

provide the oxygen and nutrients needed to the tissues. While these tissues require an increased 

portion of our total cardiac output, there also needs to be increased blood flow to the skin in 

order to keep our bodies temperature regulated. There needs to be a balance between the blood 

flow that goes to the active tissues and the skin. This balance is especially vital when exercising 

in hot conditions, such as during the summer months here in Tucson. 

 

Down Syndrome 

The Condition 

         Down Syndrome is a disorder generally characterized by three copies (also known as a 

trisomy) of the 21st chromosome, instead of the usual two. One in 691 babies born in the US 

today fit into this classified disorder. Of pregnant women between the ages of 35 and 39, the 
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ratio of babies born with Down Syndrome increases to one in 300, and of pregnant women over 

the age of 48 it peaks to one in 9. The trisomy condition causes mental retardation, specific 

physical characteristics, suppression of the immune system, and defects in the kidney, heart, ears, 

hands, and feet. Individuals with Down Syndrome are typically short in stature, have low muscle 

tone, have a single deep crease across their palm, as well as a flattened face, small ears 

positioned lower on the head, and upward slanted eyes. Only about 1% of the Down Syndrome 

cases today are acknowledged as hereditary. The probability of a fetus growing into a baby with 

Down Syndrome can be determined with ultrasound and blood tests. Diagnostic procedures can 

determine if a fetus will have Down Syndrome with 100% accuracy, but has known to cause 

miscarriages (1%). The average life expectancy of individuals with Down Syndrome today is 60 

years old. Individuals with Down Syndrome in the US often benefit by occupational therapy or 

provider care. Many now receive normal high school diplomas and sometimes even college 

degrees. The condition has some setbacks and challenges that can be harder for those affected to 

overcome than the average person. Some of these include motility and balance, cognitive 

challenges, as well as handling everyday routines like maintaining hygiene without assistance or 

reminders. However, those with the condition are continuing to gain independence in our society. 

An important issue for individuals with Down Syndrome is their health, specifically regarding 

their heart. (Tortora, What is Down Syndrome) 

  

Down Syndrome and the Heart 

         The average person has a 0.8% likelihood of congenital (present at birth) heart disease. 

However, for individuals with Down Syndrome, the probability of having congenital heart 

disease increases to 50%. The types of heart defects in those with the condition typically include 
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septal defects (either ventricular, atrial, or atrioventricular), patent ductus arteriosus, tetralogy of 

Fallot, and hypoplastic left heart syndrome. Most of the individuals with Down Syndrome that 

have a congenital heart disease have atrioventricular septal defects. (Down) 

  

Atrioventricular septal defect 

         Atrioventricular septal defect, also known as endocardial cushion defect, is diagnosed 

when the wall that separates the four chambers of the heart doesn't form correctly. These walls 

are called the endocardial cushions while the baby is still a fetus and is later called the septum. 

When there are holes in the septum, blood doesn't always travel in the direction it should, which 

causes problems. First, deoxygenated blood (from the systemic circulation) can mix with 

oxygenated blood (from the pulmonary circulation) through the incomplete septum. This can 

cause hypoxia and cyanosis. This condition will also cause an increase in pulmonary pressure. 

Since the left ventricle is larger and produces stronger contractions, blood will naturally flow 

from the left side of the heart to the right side, increasing the amount of blood volume going to 

the lungs. This can cause swelling and irritation of the lungs. Because the blood doesn't follow 

its usual path, the heart must increase its muscle mass in order to propel enough volume to the 

body. This increases the size of the heart, which can eventually weaken and can lead to heart 

failure. Babies with Atrioventricular septal defect usually undergo surgery early on (if the 

problem doesn’t auto correct at birth) to fix the septum in order for regular blood circulation to 

ensue. (Endocardial) 

  

Ductus Arteriosus, Atrial Septal Defect & Ventricular Septal Defect 

         Similar to the irregular flow resulting from an atrioventricular septal defect, there is also 
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irregular blood flow in people with patent ductus arteriosus, atrial septal defect, and ventricular 

septal defect. Before a child is born, its oxygenated blood supply comes entirely from its mother 

through the umbilical cord. Before birth, a fetus has a foramen ovale, which is a hole connecting 

the left atrium with the right atrium so blood can flow directly past the pulmonary circulation. If 

the blood does make it to the right ventricle it can still bypass the pulmonary circulation by 

traveling through the ductus arteriosus. The ductus arteriosus is a short vessel that allows blood 

to flow from the pulmonary artery to the aorta. A few hours after birth the foramen ovale usually 

closes off to become the fossa ovalis, and the ductus arteriosus is usually blocked off to become 

the ligamentum arteriosum. In patent ductus arteriosus and atrial septal defect the ductus 

arteriosus and foramen ovale don't completely closes off. This causes similar heart complications 

to atrioventricular septal defect. (Endocardial, Down) 

         Ventricular septal defect is diagnosed when a child is born with an incomplete septum at 

the level of the ventricles. With this condition, upon ventricular contraction, blood not only flows 

up the pulmonary or aortic valve, but also across to the other ventricle. Much like 

atrioventricular septal defect, blood usually flows from the left side to the right, increasing 

pulmonary pressure. (Endocardial) 

  

Tetralogy of Fallot & Hypoplastic Left Heart Syndrome 

         Other, more complicated heart defects common in children with Down Syndrome include 

tetralogy of Fallot and hypoplastic left heart syndrome. Tetralogy of Fallot involves a 

compilation of four heart conditions. First, pulmonary stenosis, which involves a narrowing of 

the pulmonary valve and tract before the pulmonary valve in the right ventricle. Second, 

ventricular septal defect, which is the incomplete ventricular septum mentioned above. Third, 
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there is an overriding aorta that branches up from both the left and right ventricles. Lastly, the 

right ventricle is hypertrophied due to an increased need for contractile pressure. This condition 

usually limits the amount of blood that can reach the lungs, and therefore, a decrease in oxygen 

content of blood delivered to tissues. If oxygen content is minimal, surgery to widen the 

pulmonary blood vessels and pulmonary valve, as well as covering the hole in the septum usually 

encouraged. (Down, Diseases) 

         Hypoplastic left heart syndrome is a very severe condition in which the left side of the 

heart doesn't properly form. Its underdeveloped state typically doesn't allow much, if any, blood 

to travel through it. Hypoplastic left heart syndrome is also associated with atrial septal defect 

and patent ductus arteriosus. These two conditions allow the blood to reach both the pulmonary 

and systemic circulatory systems, but without reconstructive surgical treatment, this condition 

cannot sustain a newborn's life for more than a few days. (Down) 

 

 

Acute versus Chronic Changes due to Exercise 

Acute 

Acute exercise involves the body’s responses during exercise. These responses include 

increased heart rate, increased blood pressure, increased stroke volume, increased sweat 

production to thermoregulate the body, and increased respiratory ventilation. Because of the 

increased heart rate and stroke volumes, cardiac output is also increased. This is important 

because there is increased metabolic and nutritional demands at the sites of actively working 

tissues.  

During exercise, body temperature tends to increase in proportion to the increased 
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work that is being done.  Our body is rapidly breaking down ATP into ADP; these exothermic 

reactions release heat, causing our body temperature to rise. It is important that homeostasis is 

maintained. Thus, thermoregulation is vital during exercise to keep our body temperature from 

rising above normal physiological limits. 

In an article written by González-Alonso, Crandall, and Johnson, the relationship 

between skin blood flow and metabolic demands were discussed. “When dynamic exercise is 

performed in a hot environment, the thermoregulatory demands to increase skin blood flow and 

the metabolic demands to increase muscle blood flow would both be high – so high that the 

limits to cardiac pumping capacity and the limits to further redistribution would usually fall short 

of meeting the demands for both” (González-Alonso, Crandall, and Johnson, 48).  Thus, our 

body has physiological limitations in fulfilling metabolic demands during exercise in the heat. 

Sweating is a vital mechanism is cooling down body temperature. When the blood 

flows to the extremities and superficially to the skin, the sweat glands begin to work more 

vigorously. The sweat then evaporates, taking with it excess heat into the atmosphere. While out 

in the heat or exercising, it is especially important to stay hydrated because sweating will 

decrease the amount of liquid in your body and circulating blood. One must always replenish the 

fluids depleted due to sweating to avoid dehydration. 

Typical resting heart rate is between 60 and 80 beats per minute. If under 60 bpm the 

individual is considered bradycardic and if above 100 bpm the individual is considered 

tachycardic. At max exercise, an individual’s heart rate can be roughly estimated using the 

formula: Heart Rate = 220 bpm - Age. For example, the max heart rate for a 20 year old would 

be about 200 bpm (Bozeman, Keen). As your intensity of exercise increases, your heart rate 

increases linearly. Most professionals recommend exercising between 60 and 70% of your max 
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exercise to increase the health of your heart. To calculate what this bpm is you would have to 

undergo an exercise heart test. However, for a rough estimate you can use your estimated max 

heart rate described above (Bozeman, Mayo, Target). Therefore, for the 20 year old, his training 

heart rate should be between about 120 and 140bpm. 

As we exercise our pulmonary (minute) ventilation increases. Pulmonary ventilation 

(Liters/minute) is the product of tidal volume (Liters/breath) and breathing frequency 

(breaths/minute). Up to about 60 to 70% of VO2max, ventilation increases in proportion to VO2 

which is called hyperpnea. At about 60 to 70% of VO2max the ventilatory threshold is met and 

ventilation rises in relation to VO2. In other words, we breathe at a greater frequency needed by 

our metabolic demands (Keen). 

 

Chronic Changes  

Chronic changes in cardiovascular health occur over time after exercising on a regular 

basis. “There are a number of physiological benefits of exercise; 2 examples are improvements 

in muscular function and strength and improvement in the body’s ability to take in and use 

oxygen (maximal oxygen consumption or aerobic capacity). As one’s ability to transport and use 

oxygen improves, regular daily activities can be performed with less fatigue. There is also 

evidence that exercise training improves the capacity of the blood vessels to dilate in response to 

exercise or hormones, consistent with better vascular wall function and an improved ability to 

provide oxygen to the muscles during exercise” (Myers, 2). In addition to these changes, one 

who exercises regularly tends to have lower overall resting heart rates and lower blood pressure. 

With continued exercise, the tissues of the heart become strengthened and develops a greater 

stroke volume. Therefore a the heart doesn’t need to pump as rapidly to exert a sufficient cardiac 
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output and heart rate decreases. Exercise also causes a reduction in low-density lipoproteins (the 

bad cholesterol that is associated with heart disease) and an increase in high-density lipoproteins 

(the good cholesterol that has no association with cardioprotective problems). This is important 

in overall heart health, as people with low LDL levels and high HDL levels tend to have a lower 

risk for developing atherosclerosis. In regards to the respiratory system, training increases the 

maximum ventilation the lungs can undergo, and also increases the ventilatory threshold. 

Therefore trained individuals can exercise at a higher VO2 than untrained without 

hyperventilation (Keen). 

 

Down Syndrome and Exercise 

The World Health Organization decided that an average healthy body mass index 

(BMI), based on a mass (kg)/Height (m2) ratio should be between 18.5 and 25. Individuals with 

Down Syndrome are known to have an overall higher BMI than the average person, usually 

greater than 25. Some researchers believe that those with Down Syndrome have a lower basal 

metabolic rate and therefore burn less calories than non Down Syndrome individuals while at 

rest. Additionally, most people with Down Syndrome stop growing around the ages of 18-20 and 

require less energy consumption after that. Once they have stopped growing it is important that 

they know they don’t need to eat as much. Joan Medlen, a registered dietitian, recommends 

focusing on the following areas in regards to Down Syndrome weight management: “Increasing 

activities such as walking and using stairs, confining eating to designated areas, balancing meals, 

planning snacks rather than eating uncontrolled, and menu planning” (Medlen). She also thinks 

that, for long term success, it is vital for the individual to make their own choices regarding food 

and exercise. This makes encouragement toward developing healthy behaviors important in the 
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lives of those with Down Syndrome. One study showed that individuals with Down Syndrome 

are more likely to be overweight if living in a group home versus living with family (Rubin). 

This could possibly be due to a lack of intentional encouragement on living a healthy lifestyle. 

Social interactions and friendships have also shown a correlation with decreased body mass 

index.  

Individuals with Down Syndrome are known to have lower functioning hearts 

compared to normal. In fact, the maximal heart rate of someone with Down Syndrome is 10% 

lower than it is for those without the condition. There have also been studies that have concluded 

that the peak oxygen uptake (VO2max) and the minute ventilation are lower in people with 

Down Syndrome compared to people without Down Syndrome that fit into the mentally 

handicapped grouping. In studies where subjects with Down Syndrome were trained in an 

aerobic walking exercise, the individuals generally showed positive effects with training lasting 

longer than 16 weeks. One large improvement with training was related to walking capacity, and 

could be described using the learning curve. This means that the subjects had initial slow 

performance progress, reached a point of relatively rapid progress, and then leveled out to a slow 

performance increase over time once again. Just like abilities and strength improve over time for 

non Down Syndrome individuals, when Down Syndrome individuals exert enough energy over 

time, they will see positive results. However, two key contributors to improvements are exertion 

and duration of exercise. With individuals with Down Syndrome, both of these factors were 

challenging points. Researchers had to find ways to make exercising fun in order to keep the 

subject’s attention, and usually kept the exertion levels relatively low and kept activities 

somewhat simple (walking and dancing worked well). One study used positive reinforcements 

(group exercise settings, intentional encouragement, and filming workouts) as well as health 
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education (focused on both eating habits and exercise) to help individuals with Down Syndrome 

reach higher levels of progress in their training. Registered dietitian Joan Medlen believes that 

even simple exercises like walking around the block can lead to “an increase in positive attitude, 

an increase in metabolic rate after exercise, a decrease in appetite, an increase in lung capacity, a 

decrease in resting heart rate, an increase in muscle mass and muscle strength, and a decrease in 

blood pressure” (Medlen). (Down Syndrome and Exercise, Gordon, Heller) 

 

“Rocking the Moc” 

 This part of my thesis focused on taking what we had been studying, and doing 

something with it. It was my goal to take my learned knowledge of the cardiovascular effects of 

exercise and use it to publically promote healthy behaviors. I created a brochure (appendix A) 

highlighting facts on Tumamoc Hill, acute vs chronic cardiovascular effects associated with 

exercise, and an area to log personal heart rates, and take notes on their experience “Rocking the 

Moc.” My original plan was to bring adults with Down Syndrome hiking (the first half) of 

Tumamoc Hill. I was going to have them hand out the flyers to the Tumamoc hikers, as well as 

show them how to take their pulse and talk about general health. Since many individuals with 

Down Syndrome struggle with getting motivated to exercise I thought an event like this would 

be fun for them. Since exercise is important in maintaining a healthy heart, and individuals with 

Down Syndrome often have heart issues and are more likely to develop heart disease, I thought it 

would be great to get them involved. Most of the individuals with Down Syndrome that I worked 

with as a respite provider loved interacting with people. I was hoping that I could find similar 

people to help out with the event. Unfortunately, those I invited through March’s Tucson Special 

Populations Dance and group home through UA’s Best Buddies Chapter were not able to make 
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the event. However, I still think our outing to “Rock the Moc” was successful. 

 On March 23rd at 9am, Dr. Zoe Cohen, Alyson Fix and I met at the base of Tumamoc 

Hill to make another hike up it. Dr. Cohen printed, folded, and brought the brochures I had made 

to distribute. As we hiked up the hill we enjoyed the scenery and seeing areas of the walk we 

learned about during our study. When we saw walkers who didn’t have headphones in and 

weren’t engaged in a conversation, we handed them the brochure and sometimes engaged in a 

quick conversation about what the flyer was about. We were pleasantly surprised about how 

interested some people were in what we were doing. At the top of the hill one hiker asked us 

questions about our brochure and encouraged us to keep promoting healthy living in Tucson. 

Another hiker saw us handing out information on Tumamoc and asked us for one since she had 

been walking Tumamoc for 7 years and loved it. Most people took the brochures and read them 

while walking or on their breaks, and seemed to enjoy it when we told them “Way to Rock the 

Moc!” It is our hope that with the encouragement and information we provided them they will be 

more likely to return to the hill for exercise, reaping the acute and chronic cardiovascular 

benefits that they read in the flyer. I speak for all three of us involved in this study when I say, 

we will definitely return to the hill and “Rock the Moc” in the future. 
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Tumamoc Hill 
 
 To you, it's known as "Tumamoc 
Hill." To the Hohokam, Tohono 
O'odham, Akimel O'odham, and Hopi 
people it was once called "Cemamagí 
Do'ag." The hill was once considered a 
home, and the ruins of a village from 
500-300BC can still be found today in 
the form of remnant walls, terraces, 
and petroglyphs. 
 In 1906 Tumamoc Hill became 
the world's first restoration project, and 
was fenced off to preserve natural 
vegetation in a non-grazing area. 
Today the 860-acre piece of land is 
managed by a partnership between 
the University of Arizona and the 
Alliance for Reconcilliation Ecology 
(ARE). The partnership has three 
ecological goals: reservation, 
restoration, and reconciliation. The 
hope is to preserve natural species 
and landscapes, restore parts of 
nature to the absence of human 
impact, and incorporate natural 
habitats with the areas in which we 
work and live. 
 The hike up Tumamoc Hill is 3.1 
miles (round-trip) and escalates up 700 
feet in elevation. The hill is popular for 
both groups and individuals looking for 
exercise, especially in the fall and 
spring. Although parts of the path can 
be challenging, the experience and 
view from the top make the challenge 
worth it!
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Rock the Moc 
Cardiovascular Adaptations to  
Walking Tumamoc Hill 
 
 
 
Hi, My name is Michael Seacat and 
this brochure is part of my senior 
honors thesis at the University of 
Arizona. In 2012-2013 school year I 
studied Down Syndrome, the heart, 
and cardiovascular adaptations with 
exercise. You probably already 
know Tumamoc Hill is a great place 
to get exercise, socialize, and enjoy 
the Tucson landscape. If you don't 
already know the physiological 
connotations of scaling this path, 
this brochure may be informative. 
 
 
 

 
Michael Seacat 

Alyson Fix 
Zoe Cohen 

The Department of Physiology 



Acute Adaptations 
 

 Our bodies are continually 
regulating internal processes to 
maintain homeostasis (stabilized 
internal environment). During exercise, 
our bodies make changes to help us 
endure physical activity. The short-
term changes our body makes are 
called acute adaptations. 
 Every time we take a breath, we 
inhale oxygen. Oxygen is transported 
throughout our body (attached to the 
hemoglobin of red blood cells) to 
tissues that need it to produce energy. 
Once tissues use the oxygen provided, 
carbon dioxide flows from the tissues 
back to the lungs where it is exhaled.  
 During exercise, our hearts must 
provide more oxygen to working 
muscle, and therefore our heart rate 
must increase to quickly provide 
nutrients and remove waste products. 
Our respiration rate also increases for 
better gas exchange at the lungs. To 
help blood flow to tissues that need 
oxygen, arteries (vessels flowing away 
from the heart) dilate. This means that 
they loosen up so the blood can flow 
through them with less resistance. 
 As we exercise we use energy, 
which produces heat. In order to 
maintain a regular body temperature, 
we produce sweat to counteract that 
heat production. When the sweat on 
our skin evaporates, heat is released 
with it, cooling down our core 
temperature, maintaining homeostasis. 

Chronic Adaptations 
 

 If exercise is continual, we begin 
to see long-term physiological 
adaptations in addition to acute 
adaptations. Our muscular function 
and strength improves, our stored fat 
is used as an energy source (weight 
loss), and our body's ability to take in 
and use oxygen improves. 
 With long-term exercise, the 
muscles of the heart strengthen. As 
the heart strengthens, it becomes 
more efficient at pumping blood and 
puts out a greater stroke volume 
(volume of blood associated with each 
pump). Therefore the heart rate 
decreases because the heart can 
maintain it's needed cardiac output 
with less beats per minute. 
 Pulmonary Ventilation (the 
amount of air we breathe per minute) 
and VO2max (maximum oxygen 
consumption at the level of the lungs) 
also increases with long-term exercise.  
 High-density lipoproteins (the 
good cholesterol) increase with 
exercise. Low-density lipoproteins (the 
bad cholesterol that is associated with 
heart disease) decrease with exercise. 
These long-term benefits are 
especially important for individuals with 
increased risk for heart disease, like 
those with Down Syndrome. 
 All of these acute and chronic 
adaptations of exercise are additional 
reasons to enjoy activities like this one 
more often! 

Performance 
 

My Tumamoc Goals for Today: 

________________________________

________________________________ 

My Resting Heart Rate: 

          _______bpm 

My Heart Rate mid-climb: 

                 _______bpm 

My Heart Rate at the Top: 

          _______bpm 

 
How I Felt After Rocking the Moc: 

________________________________ 



Introduction 
This project involved a literature review of 
Tumamoc Hill, Cardiovascular Physiology, 
and the CV system related to Down 
Syndrome. On March 23rd the information 
we learned was distributed in pamphlet 
format to hikers “Rocking the Moc.” 

Rocking the Moc: Cardiovascular Effects of Walking 
Tumamoc Hill 

Michael Seacat, Alyson Fix, and Zoe Cohen 
Department of Physiology,  

University of Arizona 

Tumamoc Hill 
•  Known as “Cememagí Do’ag” to the 

Hohokam people 
•  Ruins from 500 BC village 
•  860 acres managed by UA and ARE 

(Alliance for Reconcilliation Ecology) 
•  3.1 mile hike up 700 ft in elevation 

The Cardiovascular System 
Three component system – the heart, 
vessels, and blood. Our autorhythmic heart 
pumps blood through the pulmonary and 
systemic circulations. Veins act as volume 
reservoirs, arteries act as pressure 
reservoirs, and the blood is involved in 
transportation, regulation, and protection in 
every system of the body. 

Acute CV Adaptations 
While hiking Tumamoc, short term 
adaptations include an elevated heart rate, 
blood pressure, stroke volume, sweat 
production, and respiratory ventilation. 
Increased cardiac output is important for 
delivering nutrients (O2) to tissues, and 
relieving them of waste products (CO2). 

Chronic CV Adaptations 
Long-term adaptations to exercise include 
lower overall heart rates and blood 
pressure, with a greater stroke volume. 
Over time the presence of High Density 
Lipoproteins (HDL) increases and the 
presence of Low Density Lipoproteins 
decreases. There is also evidence that the 
ability for blood vessels to dilate in 
response to hormones or exercise 
increases. Over time the body’s ability to 
use oxygen will improve, and less post-
exertion fatigue will occur. 

Conclusions 
Although we weren’t joined by individuals 
with Down Syndrome on our hike up 
Tumamoc Hill, hikers were generally very 
responsive to the encouragement and 
information we provided them. We believe 
we provided hikers more incentive to 
continue their efforts in maintaining a 
healthy heart. In the future, bringing 
individuals with DS  to “Rock the Moc” is 
preferred, especially since their likelihood 
of developing heart disease is elevated in 
multiple aspects. 
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Down Syndrome 
Also known as Trisomy 21, this mental 
retardation is often associated with heart 
defects – septal defects, patent ductus 
arteriosus, tetralogy of Fallot, and 
hypoplastic left heart syndrome. Along with 
increased risk for heart disease, individuals 
with DS tend to lack motivation to exercise. 


