
The Physiological Effects and Projected Outcomes
of Urbanization and Pollution on Reptiles

Item Type Thesis

Authors Lockman, Dale Rodney

Download date 18/05/2023 23:04:12

Link to Item http://hdl.handle.net/10484/12107

http://hdl.handle.net/10484/12107


The Physiological Effects and Projected Outcomes of Urbanization and Pollution on Reptiles 
 

 

 

 

 

 

 

 

 

The Physiological Effects and Projected Outcomes of  

Urbanization and Pollution on Reptiles 

Dale Rodney Lockman 

General Honors 401 

Indiana State University 

November 30, 2015 

 

 

 

 

 

 

 

 

 

 



The Physiological Effects and Projected Outcomes of Urbanization and Pollution on Reptiles 
 

ABSTRACT 

Research regarding urbanization and its relationship with population fluctuations and 

physiological responses in animals has been assessed through a multitude of studies involving 

stress hormone changes, white blood cell counts and other physical and behavioral changes. The 

scope of this paper emphasizes the explanation of urbanization, the physiological and anatomical 

impact it has made on reptiles, and the projected outcomes urbanization will have in the future. 

Some questions are brought up in this paper to serve as a basic overview of what will be learned 

about urbanization and pollution. In order to provide background information, my research has 

been conducted and many studies were summarized. Even though there have been studies done 

that provide an overview for this topic, there should be future research conducted to determine 

exact ways urbanization can be limited to help protect the class of reptiles, along with all living 

organisms, from the harmful effects of urbanization and pollution. 
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INTRODUCTION 

Urbanization 

With the continually increasing world population, the world’s cities need to expand to 

accommodate the increase of human beings. This is an inevitable reality. Because of this 

increasing population, more homes, businesses and roads need to be built to sustain the increase 

in people and jobs. However, this process of urbanization, which is defined as the process by 

which large numbers of people become permanently concentrated in relatively small areas, 

forming cities, is detrimental to wildlife due to the physical stressors such as physical structures 

and chemicals (Enclyopedia Brittanica, 2014).  

The factors that affect an organism’s ability to survive and reproduce can be biotic or 

abiotic. Biotic factors can include parasites, predators, disease, parental abilities and ecological 

factors while abiotic factors are factors such as light, temperature, water, dissolved gasses and 

pollutants. Chemical pollutants are an abiotic factor because of the pollutants that are in water 

sources from runoff. These chemicals can be detrimental to an animal’s immune system causing 

it to be susceptible to biotic factors such as disease and predation. 

Physical structures can cause a behavioral change such as migration and also affects the 

habitat by decreasing its size and forcing the animals to go into harm’s way. These stressors can 

also cause physiological changes such as hormone imbalances and other internal variations. Both 

can be detrimental to a species. All of these structures are pushing wildlife into smaller habitats 

and wounding or killing them if they leave. Eventually, species will become scarce in areas, 

endangered, or ultimately extinct.  
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 Urbanization is one of the most speedily expanding forms of habitat alteration. I have 

experienced habitat modification first hand while collecting turtles for my undergraduate 

research. In West Terre Haute, many turtles have a major road in their path between the 

Wabashiki Wetlands and the lakes they are heading to. Many turtles do not survive the journey 

due to the vehicles that drive through this area. I found many deceased turtles on my search 

along the road. A simple physical feature such as a road is a major physical stress to animals. 

Animals have a natural instinct to move to different areas and do not know the concept of their 

habitat decreasing. The live turtles that we do find, we take a blood sample to check certain 

hormone levels and perform white blood cell counts. This is how we determine the physiological 

response.  

Pollution 

With all of this urbanization comes pollution. The process of urbanization requires 

machinery and factories which in turn pollutes the surrounding areas. As farms increase in size, 

the amount of manure produced on them  will ultimately end up in the water sources where many 

other animals live. These factories and farms need people to work for them and these people do 

not live close enough to walk. They drive their cars, ride the bus and ride trains to work which 

adds to the pollution. Many, if not all, wildlife populations are exposed to some degree of 

environmental pollution (Cooper, 1991). This pollution can be from many different sources and 

come in many forms. 

 There are many different types of pollution including ocean litter, pesticides, fertilizers 

and air, noise and light pollution. Ocean litter consists of containers that fall off ships, landfill 

and street waste that blows in the ocean and flows around in currents. Pesticides and fertilizers 
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are helpful in certain aspects but can easily pollute nearby water supplies and soil. They can also 

kill non-target organisms such as beneficial insects and bacteria (Pollution, n.d.). Endocrine 

disrupting compounds come from pesticides and other chemicals and have devastating effects on 

wildlife. Air pollution comes from the burning of fossil fuels in energy plants and vehicles. 

Carbon dioxide, sulfur dioxide, carbon monoxide and many other noxious pollutants are released 

which cause harmful effects to the environment and the climate. According to the World 

Wildlife Fund: 

“By 2000, the world’s chemical production had increased 400 fold since 1930. Chemicals 

have made much of modern life possible, but they’ve also contaminated landscapes 

around the world. They can travel great distances by air or accumulate in the bodies of 

animals and humans who absorb chemicals through the skin or ingest them in food or 

water. While some chemicals may be harmless, others can cause damage. Increasingly, 

there is particular concern lately about three types of chemicals: chemicals that persist in 

the environment and accumulate in the bodies of wildlife and people, endocrine 

disruptors that can interfere with hormones, and chemicals that cause cancer or damage 

DNA” (Pollution, n.d.).  

Importance 

Ultimately, these environmental effects can lead to significantly decreased populations 

and even extinction in many species of animals outside of just the realm of reptiles. Extinction 

will lead to a chain of events and a less diverse ecosystem. An insufficient amount of research on 

this topic has been done on reptiles, which is why I am interested in this. The professor I worked 

with, Dr. Hews, and her graduate assistant, Ryan Seddon, have been working with lizards and 
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recently took on turtles. Obviously we know that physical and chemical stressors are harmful to 

reptiles, but we do not know exactly how and if it can be fixed. The physiological changes in 

turtles will be studied and analyzed to determine the level of stress and contamination. The 

Wabashiki Wetland, where we find our turtles of interest, is a relatively new wildlife area with a 

chemical past. A chemical plant used to be in that area in the past but has been removed. 

Campgrounds are also close to this area which consists of boating and fishing. Our goal is to see 

how urbanization is affecting animals and comparing these animals and environments to other 

areas without urbanization.  

Although a general knowledge of the harmful effects is known about this subject, the 

specific physiological effects of pollution and urbanization on reptiles are still relatively 

unknown in certain species, thus I propose to gain data on certain species such as Trachemys 

scripta elegans, a species of turtle, and analyze the results by continuing my field research.  

Along with my research on turtles in the lab, I plan on looking at other publications to 

find and discuss more information on other reptiles such as crocodiles, alligators and lizards. I 

would like to compare the results with turtles to see if there are similar outcomes.  

Questions to Analyze 

I will research and discuss the fluctuation of populations of a few different species of 

reptiles. I want to find if the populations are decreasing, staying level, or increasing and at what 

rate this is occurring. Reasons why this rate is occurring will be important to the question of 

population rates. A decreasing population rate will support the fact that urbanization is 

detrimental to populations. A positive or level population rate will contradict urbanizations 

harmful effects because the species are thriving and have no issues with the urbanization. My 
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hypothesis is that the populations will be decreasing and I predict that it will be due to the 

increase in man-made structures and other environmental changes. I want to see what types of 

urbanization cause the most harm and if they affect populations in different ways.  

Through my physical research in the lab, I will be doing white blood cell differentials and 

calculating the levels of corticosterone, a stress hormone, in the blood of turtles. We will be 

checking turtles in an urban location and comparing the results to turtles from a rural location to 

determine the physiological difference. Corticosterone is a stress hormone found in the plasma of 

blood and we determine the concentration by the use of Enzyme-linked immunosorbent assay 

kits. A higher level of corticosterone in turtles of urbanized areas compared to those in more 

natural areas will support my hypothesis while lower or equal levels will contradict my 

hypothesis of detrimental effects of urbanization and its encompassed pollution.  

As well as these specific physiological effects and population fluctuations, I will study 

other topics such as reproductive anatomy and physiology of crocodiles and alligators. A great 

deal of research has been done on this topic due to chemical pollutants accumulating in water 

sources. This is an important factor because reproduction is the key to maintaining a healthy 

population and a very serious effect that has been observed. 

While doing my research, I plan to find out the projected outcomes of these harmful 

effects on wildlife as well. I will analyze the data and determine which way the population rates 

are going. Are the populations rates negative and heading toward extinction or are they staying 

constant and showing no signs of population degradation? The data I collect will determine the 

projected outcomes of the effects of urbanization.  
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As stated before, I plan to search for previously published articles to answer my questions 

stated previously. There have been many studies done on reptiles pertaining to pollution and 

chemicals of hormone levels and blood cell counts. As well as searching for these articles, I will 

be continuing my field research and interviewing my professors and their graduate assistants to 

determine the cell and hormonal changes of turtles and to gain more knowledge of the subject. 

METHODS AND RESEARCH 

My research in the physiology lab with Dr. Hews and Ryan Seddon will contribute to the 

knowledge of the effects of urbanization on the turtle species, Trachemys scripta elegans, the 

common Red-eared Slider. I have worked in the physiology lab for three semesters while my 

partners have worked on this for multiple years, so we have a couple years’ worth of samples and 

data.  

Many white blood cell differentials of many different individual turtles have been 

created, counted and analyzed through SPSS (19.0)™. White blood cell differentials are done to 

determine the cause, diagnose, and monitor an illness affecting the immune system. Five 

different types of white blood cells are counted in a blood sample: neutrophils, lymphocytes, 

monocytes, eosinophils, and basophils (WBC Differentials, 2001). Hormone levels have been 

calculated with a few individual turtles by the use of Enzyme-linked immunosorbent assay kits 

(ELISA). ELISA kits are used to detect a certain protein of interest and to see how much of it 

there is. In this case, we are looking for the hormone corticosterone, a stress hormone, so we will 

count the corticosterone binding proteins. 

 Along with this research on turtles, I have investigated the studies of Louis Guillette, 

professor of Obstetrics and Gynecology, who has done numerous studies of reproduction in 



The Physiological Effects and Projected Outcomes of Urbanization and Pollution on Reptiles  7 
 

vertebrates. He studies the anatomical and physiological modifications required for evolution and 

reproduction as well as the modification caused by non-natural sources such as pollutants. The 

same methods and techniques I am using in the lab have been done on other species, so I 

searched for other publications of the nature.  

General Turtle Processing 

First, turtles need to be obtained in the area of our interest. Ryan Seddon and I have taken 

trips out to US 40 which is just on the West side of the Wabash River in West Terre Haute. This 

area is known as the Wabashiki Wetlands which is a wildlife area that allows hunting, fishing, 

trapping, bird watching, walking, running and many other outdoor activities. This area is of 

interest because Commercial Solvents Corporation (CSC) was brought to Terre Haute in 1917 

and stood in the area. CSC converted Midwest grain surpluses into solvents, produced chemicals 

to be used in agriculture, industry, animal health, nutrition products, industrial explosives and 

human health products, and used microbial fermentation to produce other nutrients and products. 

This is part of our interest because this area is trying to be turned back into a rural habitat for 

animals when it used to be an urban habitat. 

Capture and Measurements 

To find the turtles, we walk along the roadside and look down the hill leading from one 

side of the wetlands to the road. The turtles are instinctively migrating this way to get to the 

other side of the road where the wetlands continue. This highway is an example of how 

urbanization is tampering with environments. Animals do not realize when their habitat has been 

shrunk. They instinctively cross the road like it is their habitat.  Many turtles die along the way, 

but the ones we find, we keep in a bucket and ultimately let them go on the other side.  
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Red-eared Sliders were captured either by basking traps or by hand (Weber and Layzer, 

2011). Immediately upon capture, we sampled blood while recording the total time to capture 

and complete the blood sample. Then we measured body weight and morphological 

measurements (head width, carapace length, and plastron length and width) for standard 

assessments of body size and condition, and time of day.  To avoid resampling at a later date, 

individuals were marked by a dremel tool with a unique number on the plastron (Walton 2012) 

and released. 

Blood Sampling 

We collected approximately 150μl of blood from each turtle, which was bled with a 23 

gauge butterfly catheter from the ventral coccygeal vein (e.g. Chaffin et al. 2006). This is an 

allowed procedure for turtles, in the most recent Animal Use American Society of Ichthyologists 

and Herpetologists Animal Use Guidelines (http://www.asih.org/files/hacc-final.pdf). Blood 

samples were taken right when caught and an hour after that initial sampling. Blood samples 

were kept on ice and returned to the laboratory, and then frozen at -20°C until assayed for 

corticosterone.  

Blood Smears and Total Leukocyte Counts 

Blood smears were made in the field using the two-slide wedge method (Houwen, 2000). 

Smears were allowed to air dry and then fixed in methanol for 60 sec. The slides were 

transported to the laboratory and stained in Giemsa stain. Leukocytes were counted by 

examining the slides under 100x power until 100 leukocytes were counted. All smears were 

scored by the same individual who was blind to the treatment groups.  
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Hormone Assays 

Plasma corticosterone concentrations were determined via ELISA (Enzo Life Science 

Testosterone Kit 900-097). The assay was optimized for use with Trachemys scripta elegans. 

The intraassay coefficient of variation was 5.2-24.6% 

White Blood Cell Differentials 

White blood cell differentials are done to determine the cause, diagnose, and monitor an 

illness affecting the immune system. Five different types of white blood cells are counted in a 

blood sample: neutrophils, lymphocytes, monocytes, eosinophils, and basophils (WBC 

Differentials, 2001). By doing this test on our turtle blood samples, we can determine if the 

turtles have issues such as inflammation, an immune disorder, or even leukemia by the different 

ratios we find between different types of cells. Certain factors can determine the ratios of white 

blood cells which cause problems. Physiological stress can easily cause fluctuations in ratios 

which can come from physical changes like roads and campgrounds which our turtles of interest 

encounter regularly. 

Each of the five types stated have a different function in fighting infections. The 

description of each type of cell is described by Davis: 

Neutrophils, called heterophils in reptiles, and lymphocytes make up the majority (i.e. 

nearly 80% combined) of WBCs in mammals amphibians and reptiles. 

Neutrophils/heterophils are the primary phagocytic leukocyte, and proliferate in 

circulation in response to infections, inflammation and stress. Lymphocytes are involved 

in a variety of immunological functions such as immunoglobulin production and 
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modulation of immune defense. The remaining 20% of the leukocytes represent a 

combination of eosinophils, which play a role in the inflammation process and are 

associated with defense against parasites, monocytes, which are long-lived phagocytic 

cells associated with defense against infections and bacteria, and basophils, that secrete 

hormones such as histamine which triggers an allergic response which more or less sends 

an alarm to the body (Davis, 2008). 

The ratio of these white blood cells can tell us if something is wrong and we can see what 

is causing the issue. Researchers have considered the heterophil to lymphocyte ratio as a 

composite measure to stress response because these types of cells are affected by stress in 

different directions. The ratio is positively correlated with the magnitude of stress response 

which is caused by physical stress, and stress caused by infection.  

Our data shows differing leukocyte ratios which was expected. We found that urban 

turtles had a higher percentage of lymphocytes, a higher percentage of monocytes, a higher 

percentage of heterophils, a lower percentage of basophils and a lower percentage of eosinophils. 

A lower percentage of heterophils could mean there is a weakened immune system since these 

cells are the main phagocytic leukocytes in reptiles. However, we have higher percentage in our 

data which means they are probably fighting something.  

Stress Hormones 

 Stress hormones are important to our research for obvious reasons: to measure the 

amount of stress that the turtles endure. Stress stimulates several adaptive hormonal responses. 

When talking about stress in this research, we do not mean the typical stress that humans endure 

when too much is going on or not going right; we are talking about the stressors, such as 
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environmental changes and chemicals, and the stress response, such as hormone secretion. 

“Stress involves real or perceived changes within an organism in the environment that activate an 

organism's attempts to cope by means of evolutionarily ancient neural and endocrine 

mechanisms” (Greenberg, Carr and Summers, 2002). The hormone we are looking at is 

corticosterone which is a steroid hormone produced in the cortex of the adrenal glands of non-

human animals. This hormone is an integral part of the immune response just as the white blood 

cells.  

 We use the same blood samples to do the corticosterone tests as we used in the white 

blood cell differential. With the use of an ELISA kit, we can see how much corticosterone is in 

the plasma of these turtles. The ELISA kit that we purchased came with antibodies in the wells 

that are bound to the walls and that allow corticosterone to bind. The plasma is added to the 

wells and corticosterone binds to the specific sites. Another antibody is added which will bind to 

the other side of the hormone. After the mixtures are sufficiently mixed, the tray is dumped out 

and “washed” with a wash buffer. Everything in the tray will wash out except the antibodies and 

corticosterone that are bound. The tray is run through a density scanner to determine the density 

of hormone and we can use that density to figure the corticosterone concentration.  

 Our data shows an overall increased baseline stress response. This baseline found using 

the blood samples taken directly when the turtle was found to act as an initial response to stress. 

The turtles found in the urban habitat had a higher baseline stress response than turtles of the 

rural habitat. This shows that turtles found on the road respond to stress more than rural turtles 

which was expected. However, even though the rural turtles had a lower stress response than the 
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urban turtles after an hour, the values were not statistically different. We believe this was 

because our sample size was too small. Regardless, the rural turtles had a lower stress response.  

 Interestingly, a study by Louis Guillette showed that alligators under daily exposure to 

agricultural and municipal chemicals showed a normal stress response to acute, short term stress. 

His reasoning was that adaption to contaminants impedes adrenal exhaustion causing this normal 

response. If constantly stimulated, the adrenal system exhibits a pathological state where 

glucocorticoid hormones are no longer released (Guillette et al, 1997). 

 In another study on Galapagos iguanas, corticosterone levels were measured during El 

Nino which is a big stress due to precipitation, temperature and food availability. Corticosterone 

is known to help the body to utilize fat and protein reserves during immediate survival processes. 

However, corticosterone has also been known to inhibit gonadal function and reproductive 

behaviors which ultimately disrupts reproduction (Romero and Wikelski, 2001). This 

information shows that corticosterone is used by animals to basically turn off reproduction to 

help itself survive. This allows energy that the iguana intakes to be used for survival rather than 

reproduction which would not have good success during stressful times such as El Nino. A 

reduction in reproduction has been seen in many other species as well during episodes such as El 

Nino.  

Reproductive Anatomy and Physiology 

  Endocrine disrupting compounds (EDCs) are devastating to the embryonic development 

of wildlife. Abundant research has been done by Louis Guillette on the effects of alligators and 

crocodiles due to EDCs. New chemicals are synthesized all of the time and released into the 

environment with shattering consequences. These compounds can directly alter DNA or act as 
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mimics of important physiological compounds such as estrogen. Something as simple as an 

elevated estrogen level can cause huge effects to an organism and population. According to 

Louis Guillette, “Exposure to environmental contamination is associated with a wide variety of 

lethal and sub-lethal responses in wildlife. Sub-lethal responses include modifications in 

behavior, reproductive activity, growth, and disease resistance (Guillette, 1997).” Chemicals can 

enter the environment in many ways including fertilizer runoff, sewage and pesticide spills for 

example. This allows harmful compounds to pollute water sources such as lakes and rivers where 

a multitude of species live and interact with the environment.  

 A study done by Guillette in 1980 in Lake Apopka showed a major 90% decline in 

juveniles in the immediate years following a pesticide spill near the lake. Other studies have 

shown that eggs obtained from this lake have very poor survivorship percentages. The juveniles 

that do survive have substantial development abnormalities such as gonadal morphology, altered 

gonadal steroidogenesis and elevated ratios of estrogen to androgen in both sexes. These effects 

displayed smaller phallus sizes, lower testosterone levels and higher estrogen levels causing 

reproductive struggles.  

 These pesticide chemicals can cause these harmful effects by affecting the vulnerable, 

developing embryo. They can directly alter DNA and cause huge mistakes in the development 

process. The chemicals gain access to developing embryos by first disturbing the mother by 

interaction with the environment and accumulation within its tissues. The mother passes on the 

compounds to her eggs. Chemicals such as DDT and dicofol have a strong affinity for the 

estrogen receptors which affects estrogen sensitive tissues in the alligator. As stated before, a 

simple hormone imbalance like this can cause a multitude of effects on an organism including 
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reproductive failure. This causes major decreases to a population as death rates overcome birth 

rates.  

 Some animals, including alligators, crocodiles and turtles exhibit environmentally 

determined sex which means the sex of the newborn is determined by the temperature at specific 

crucial points in the development cycle. Another study by Guillette showed that even at 

temperatures which would result in a male crocodile being born, estrogenic compounds can 

reverse the result creating normal females. As you can imagine, in a water source with a lot of 

estrogenic compounds, a population of females is not supportive of a future population.  

Projected Outcomes 

 As stated before, corticosterone is simply used to measure stress in animals. There is 

inconclusive evidence that shows that different levels of stress actually reflect different survival 

outcomes although they are believed to be associated. However, studies such as the Galapagos 

iguana study have served as support for this claim. In this case, corticosterone seems to help the 

individual survive while delaying reproduction. Ultimately, this is good for a population but not 

if this is long term. Long term effects of high corticosterone can lead to animals begging for food 

more often because of the hormones relation to food shortages and other stress (Kitaysky, 

Wingfield and Piatt,2001).  

Recalling information from our white blood cell differentials, our data showed differing 

leukocyte ratios. We found that urban turtles had a higher percentage of lymphocytes, a higher 

percentage of monocytes, a higher percentage of heterophils, a lower percentage of basophils and 

a lower percentage of eosinophils. Since our urban turtles had higher percentages of heterophils, 



The Physiological Effects and Projected Outcomes of Urbanization and Pollution on Reptiles  15 
 

this could mean that the turtles in our sample were fighting some infection, a parasite, facing 

stress, or had more serious effects such as cancer from the chemicals in the environment.  

 Endocrine disrupting compounds are not good for populations. Since these estrogen 

mimicking compounds can actually cause the inhibition of reproduction by creating females and 

having males produce females tissues, populations will decrease due to death rates overcoming 

birth rates. This has been seen in the Lake Apopka with its 90% decline in population.  

 Geographic ecology is the study of searching for patterns of plant and animal life that can 

be put on a map. This area of study can help us determine populations of animals as the area in 

which they live. Since urbanization extensively decreases habitats, we can use this to see how 

populations will be affected. In habitat patches, it has been shown that species richness increases 

with area (Molles, 1999). Now, even though this discusses number of species, it can also help us 

determine populations of a single species. If we follow the same guidelines, as habitat area 

decreases, a population will decrease as well. Animals are being pushed into smaller and smaller 

patches of land as we keep expanding our cities and cutting down forests.  

As this paper has explained, the process of urbanization by way of physical structures and 

chemical compounds has caused some turtle, alligator and crocodile populations to greatly 

decrease. As one can imagine, a population here and there will not drastically change the entire 

world’s population of these animals. But, as this phenomenon continues around the world, 

smaller populations having these same effects will add up ultimately causing endangerment and 

extinction.  
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Conclusions 

This paper aimed to serve as a basic overview of urbanization, the physiological and 

anatomical impact it has made on reptiles, and the projected outcomes urbanization will have on 

the future. Urbanization has become one of the fastest forms of habitat modification. Because of 

this, ecologists have done many studies to learn in what ways reptiles and other animals are 

being affected. Whether this is by hormone production or behavioral change, populations of 

animals are at risk if their habitats get smaller and the pollutants in their environment 

accumulate. Over a year in the lab counting white blood cells and running ELISA kits has given 

me some real life data to work with. In addition, research on topics such as pollutants effects on 

alligators and crocodiles have given me enough information to make some conclusions about the 

effects of urbanization and pollution of reptile populations.  

Urban turtles having higher levels of lymphocytes, monocytes and heterophils than rural 

turtles show that local turtles living in a wildlife area that was once a chemical plant are still 

affected by trace pollutants and the current threat of a major roadway. The stresses placed on 

these animals is shown by the increased number of white blood cells which means the turtles 

immune systems are working harder than  they should in a normal rural environment. This 

research question held up my hypothesis that urban turtles would have a greater immune 

response than rural turtles. 

Manmade pollution is causing dead zones in water sources. Nutrients such as nitrogen 

and phosphorus are in manure and travel to the water. This increase in nutrients causes algal 

blooms and eventually kills everything else living there. Other pollutants created from our daily 

use products such as soaps, cleaning supplies, plastics and rubber are also entering the 
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environment. Pollution by these endocrine disrupting compounds is devastating to populations. 

Pesticides and fertilizers are spilling into water systems and are accumulating in the water and 

inside of organisms, causing many health and reproductive issues. The fact that Lake Apopka has 

seen a 90% decrease in juveniles after a pesticide spill shows that populations are greatly at risk. 

These estrogen mimicking compounds are causing reptiles to produce female tissues in males 

which will greatly decrease birth rates. These results support my hypothesis by showing a clear 

danger to reptiles. 

My research clearly shows that populations are being affected by urbanization and 

pollution. Some studies that I researched showed declining populations while others did not state 

such details. However, using knowledge that I have learned in classes and throughout my 

research I can deduce that due to urbanization pushing animals into smaller and smaller habitats 

every year, populations will decline until drastically low numbers are recorded. This can be 

shown by species-area curves that illustrate a positive correlation between area of a habitat and 

species richness. 

All of this research on reptiles such as turtles, alligators, crocodiles, and lizards can be 

used when studying other species of animals as well. Any animal that lives in or near an 

urbanized location or water source has direct contact with contaminated air, water and soil. The 

studies reviewed in this paper regarding pollution and urbanization indicates that this is a serious 

problem that needs to be regulated more closely. This research is critical to the well-being of 

species on earth.  
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Future Research 

In the future, I wish to continue researching the different effects that endocrine disrupting 

compounds can have on animals. This is something that I initially did not know and learned a lot 

about during my research. This topic can go beyond the study of ecology and move into cell and 

molecular biology as well as biochemistry to see exactly how these mechanisms work. I would 

like to see how other animals are being affected and compare it to the information I have found 

on reptiles. It would also be interesting to see if humans have seen any measurable complications 

from pollution. This is a very real possibility as we swim and fish in these same waters. Future 

research has the ability to test for such compounds and find ways to neutralize the threat they 

have on species. Studying the Environmental Protection Agency would also give some good 

insight into what is being done. Regulation on pesticides, deforestation and building needs to be 

placed on companies and standardized to help with the reduction of animal’s habitat.  
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