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ABSTRACT 

 
Protecting and managing National Parks and Monuments effectively is very important for 

their future sustainability. Urban encroachment on areas adjacent to protected areas is 

often considered a potential threat to the natural resources inside the protected areas. To 

minimize these threats, evaluating and assessing the effects of urban encroachment on 

protected areas and developing effective management strategies is critical. To implement 

any management strategy, interactions, support and perceptions of changing conditions 

from neighboring communities is imperative. The goal of this study was to develop a 

framework to assess perception of land use change along the borders surrounding 

Saguaro National Park East. The objectives of this study were to determine 1) the change 

in landscape that has occurred as a result of urban encroachment in and adjacent areas to 

Saguaro National Park (SNP) over a 15 year period 2) the degree to which neighbors 

surrounding SNP perceive that these changes have occurred due to urban encroachment 

3) the perception of neighbors surrounding SNP that increased urbanization has led to 

more impacts on local wildlife 4) the possible planning and management strategies that 

neighbors agree would lead to reduce impacts of urban encroachment on protected areas 

and how strongly do they support the implementation of these proposed planning and 

management strategies. Results of this study indicated that landuse / landcover changes 

have occurred over the landscape at a rapid rate and in large areas within one mile of 

lands adjacent to the boundary of SNP East. Urban area increased 2.45%, agricultural 

lands decreased 76.15% and forested lands decreased 6.19% from its previous class in 

one mile adjacent land to the park from 1992 - 2001. Building units (residential) 
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increased dramatically by 71.53% in this one mile buffer in the period between 1992 

and 2007.  In addition, respondents that live in adjacent lands perceive these changes over 

the landscape due to urban encroachment at a moderate degree strongly agree that 

increased urbanization has led to more negative impacts on local wildlife. Further, 

respondents strongly support more communication between authorities, developers and 

neighbors and environmental education programs with regards to urban encroachment on 

SNP.  
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1. INTRODUCTION 

1.1. Introduction 

National parks and monuments are great assets, valuable in terms of conservation, 

recreation and heritage. In 1872 the Yellowstone National Park Act opened the door for 

establishing large areas of land for public purposes. Properly protecting and managing 

National Parks and Monuments are very important for future sustainability. There are 

buffer areas or areas surrounding these parks and monuments that are also hugely 

important. Buffer areas are “peripheral to national park or equivalent reserve where 

restrictions are placed upon resource use or special development measures are undertaken 

to enhance the conservation values of the area” (Sayer 1991). They have also been 

referred to as "areas adjacent to protected areas, on which land use is partially restricted 

to give an added layer of protection to the protected area itself while providing valued 

benefits to neighboring rural communities" (Mackinnon as cited in Wells & Brandon, 

1993). Buffer areas play a very important role in protecting the natural resources of a 

national park or monument and providing benefits to surrounding residential areas. 

Christine M. Schonewald-Cox described boundaries of protected areas as a “skin” whose 

condition can indicate the health of the entire system (1988). 

Urbanization on and urban encroachment into open space buffers is often considered a 

potential threat to areas like national parks, monuments, and other protected areas. The 

impacts of such events can vary in nature and can be considered as risks to the 

sustainability of the protected area.  Sixty-six percent of 203 parks in the U.S. have faced 
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the problems of incompatible use of adjacent lands, according to a survey conducted 

by U.S. national park superintendents (National Parks and Conservation Association 

1979 as cited in Shaw et al. 1996).  Rapid urbanization in the United States is a fact that 

no one can deny.  Urbanization includes all kinds of development such as commercial, 

industrial, residential etc. Each kind of development has different dimensions of impact. 

Using dispersed urbanization scenario, a study by McDonald et al. (2008) estimated that 

112 protected areas, 4% of the total protected areas of the world, will face 10% urban 

growth in their 10 km buffer areas by the year 2030.  

 

1.2. Background 

The impacts of urban encroachment on the National Parks and Monuments are numerous 

and diverse, including wildlife harassment and habitat fragmentation; noise, light, air, soil 

and water pollution; water source diversion and depletion; biota displacement, 

accelerated invasive species infestations; subsidized predator (dogs and cats) problems; 

increased fire potential; a reduction in visitor enjoyment; and trespass, vandalism, and 

poaching activity (Knight et al. 1998; Shaw et al. 1996). A United States General 

Accounting Office report (1994) concluded that urban encroachment held the highest 

threat of damage to park resources. This report recognizes that activities outside park 

borders have caused damage to resources and will likely cause more and that 

urbanization is one of the major threats to these buffer areas. The report represented 

potential threats in percentages with number of threats reported in each category; mining 



 
 

 
 

 

17  
 

7% (45 threats), nonnative animals 6% (35 threats), nonnative plants 5%  (33 

threats), air pollution 13% (81 threats), water pollution 21% (134 threats), human 

activities 16% (103 threats), urban encroachment 24% (151 threats), and others 8% (50 

threats). Over fifteen years ago this report recognized urban encroachment as the highest 

threat category (24%).  Urbanization has taken place rapidly in the last few decades 

(Nechyba and Walsh, 2004). Therefore, the present status and impact of this threat is 

essential to assess.  

Minimizing the threats to the protected areas is important for their sustainability. The 

sustainability of these parks and monuments is a long term and important issue that 

requires careful consideration of the present impacts and problems. The U.S. EPA 

definition of sustainability is the ability of an ecosystem to maintain a defined/desired 

state of ecological integrity over time. Sustainability also can be expressed as the use of 

ecosystems and their resources in a manner that satisfies current needs while allowing 

those ecosystems to persist over the long term. For the long-term persistence of these 

national parks and monuments and of the benefits people expect from them, the impact of 

urban encroachment must be assessed and management strategies developed. 

 

1.3. Objective 

The goal of this study was to develop a framework to assess perception of land use 

change in the immediately adjacent area surrounding Saguaro National Park East. 

Unplanned and unmanaged urbanization along the borders of protected areas may cause 



 
 

 
 

 

18  
 

numerous effects on natural resources, an obstacle to guaranteeing the long term 

maintenance of the park resources.  

The detailed objectives of this study were to determine  

1) How much landscape change has occurred as a result of urban encroachment in 

and areas adjacent to Saguaro National Park (SNP) over a 15 year period?  

2) To what degree do neighbors surrounding SNP perceive that these changes have 

occurred due to urban encroachment?  

3) Do neighbors surrounding SNP perceive that increased urbanization has led to 

more impacts on local wildlife?  

4) What are possible planning and management strategies that neighbors agree 

would lead to reducing impacts of urban encroachment on protected areas and 

how strongly do they support the implementation of these planning and 

management strategies? 
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2. LITERATURE REVIEW  

2.1. Urban Encroachment and Protected  Areas 

Researchers have used different approaches to address individual issues of urban 

encroachment. Shaw (1996) analyzed urban encroachment at Saguaro National 

Monument in Arizona, USA in the early 90’s. He and his research group performed 

investigations in three broad areas: land use/land cover studies, specific wildlife studies, 

and human dimension studies. Their land use /land cover studies were helpful for 

monitoring changes that may have been affecting the monument. They set criteria and 

identified vulnerable wildlife species for further research and their finding provided very 

useful information for park managers. In the area of human dimension studies they 

conducted residential surveys and domestic dog and cat monitoring.  

 A study on changing species richness and composition in Canadian national parks by 

Rivard et al. (2000) found that land use patterns within a park are strongly correlated with 

land use in the region surrounding the park and also parks are not isolated from regional 

development.  Riley et al. (2003) studied urbanization and the impact of habitat 

fragmentation on bobcats and coyotes in southern California. This research was on two 

specific species associated with natural areas in that region and thus helped in 

understanding the impacts of urbanization on areas there. Another study in southern 

California by Riley et al (2005) showed that urbanization may enhance invasion of exotic 

species and negatively impact abundance of native amphibians. 
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Keeley et al. (2003) found that 13% of the fire prone areas in the Santa Monica 

Mountains, in and adjacent to Los Angeles, California are in developed areas. These 

developed areas consist of modern subdivisions, historical communities originally built 

as summer cabins, low density homes or estates and high-density beachfront homes. One 

of the three suggested management strategies was to reduce fire hazard at the urban wild 

land interface. McDonald et al. (2009) found in their study that if urban areas are within 

about 10 km of protected areas, that degree of proximity causes negative impacts. One 

impact is the high risk of fire ignition at the urban wild land interface.  Another impact 

can be light pollution which can directly effect birds and insects and in some cases alter 

their migration pattern and reduce the aesthetic effect of the experience of wild land at 

night for recreational users.  

Searle (2000) has written about Canada’s dying national parks in his book “Phantom 

Parks: The Struggle to Save Canada’s National Parks”. Improper adjacent land use by 

logging, agricultural and mining interests and road building and other construction 

activities inside the parks are the main reasons for this disaster. Lack of proper 

management strategies is another important reason. This type of disaster was not 

expected. Monitoring, assessment and proper management strategy are all very important 

for the sustainability of these and all parks.  

2.2. GIS and Land Cover/ Land Use Change Assessment 

Analyzing landscape change over time in the lands adjacent to national parks is the first 

thing to be considered in minimizing the impact of urban encroachment. Using 
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Geographic Information System (GIS) to analyze and map land use and land cover is 

quite common these days. Shaw et al. (1996) used GIS to develop a database for 

analyzing the Saguaro National Park and surrounding areas for his study. Nixon et al. 

(2006) used a similar approach for predicting the spatial pattern of risk potential from 

industrial use. McDonald et al. (2009) also used GIS to analyze urban effects, distance 

and protected areas in an urbanizing world. Use of this technology for land use and land 

cover change is becoming more and more popular. 

A study by Esbah et al. (2007) on “Monitoring Urban Development near a Protected 

Area” documented urban sprawl near the Kusadasi area in Turkey. The development in 

that area pressures the nearby national park system. Their study detected the magnitude 

of urban growth in the Kusadasi area using GIS and remote sensing technology. Their 

initial finding indicated the loss of olive plantation due to the development of summer 

houses and tourist establishments in the surrounding area. They concluded that the edge 

effect had increased on the national parks due to unsustainable urban development in 

close proximity.  

2.3. Impacts on Wildlife from Urban Encroachment 

Impact on wildlife due to urban encroachment is a broad area that requires analysis and 

research. Wildlife includes amphibians, reptiles, birds, and mammals. If amphibians, 

reptiles, birds and mammals are considered separately, the literature represents a wide 

range of different specific issues and studies to address them.  Road kill of amphibians 

and reptiles because of urban development is a common concern. Kline and Swan (1998), 
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Trombulak and Frissel (2000), Clark et al. (2001) and Cain et al. (2003) found that 

more roads from development near protected areas act as barriers to movement of 

wildlife. Roads cause direct mortality and modification of the behavior of wildlife. 

According to a USGS Southwest Biological Science Center report of 2006, housing 

development in the Rincon valley on the east side of Tucson and adjacent to Saguaro 

National Park East may affect the bird community through an increase in non-native and 

human adapted species such as the rock pigeon, European starling, and house sparrow,  

all common non-natives. Mannan and Bibles (1989) concluded that urbanization along 

Saguaro National Park East’s (then still a monument) borders will result in increased 

numbers of non-native bird species such as European starlings and house sparrows. They 

may not replace native species where Saguaro cactus is abundant but they may compete 

with native species where Saguaro cactus is scarce. The great tailed grackle, mourning 

dove, house finch and brown- headed cowbird are human adapted species. Increase of 

these species ultimately will lead to the decline in non- human adapted species in the 

areas that are immediately adjacent to development. According to Manchester et al. 

(2000), Lever (2005) and Sol et al. (2005), non-native species may have negative impact 

on native species due to competition, predation, disease, genetic effects (hybridization), 

and impact on ecosystem function through habitat alteration. 

According to the USGS Southwest Biological Science Center report of 2006, there is 

strong evidence that major changes have occurred in the mammal community of the 

district during the past seven decades. This change is not fully understood because of lack 

of sufficient data.  The Desert Tortoise is one of the species that is likely to be vulnerable 
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to urbanization because of the potential threats of loss of habitat, capture by humans 

and vulnerability to automobiles and pets. Goldsmith and Shaw (1988) revealed through 

their study that tortoise populations within 1 Km of the monument border would be 

adversely affected by urbanization along the boundary. They measured the maximum 

cross section of each tortoise’s home range and found adult home ranges averaged 467 m 

and ranged from 250 m to 960 m. Jones et al. (2005) discussed exotic diseases in tortoise 

particularly upper respiratory tract disease.     

Bellantoni and Krausman (1991) studied on Mule Deer and Collared Peccary and found 

that mule deer frequently entered the neighborhood in the drought period for water 

availability. USGS 2006 report also documented the number of mule deer has declined 

throughout the western United States. Habitat loss and habitat changes are important 

reasons for declining numbers of these animals. In the Rincon Mountain district habitat 

loss includes significant loss of open space outside the district due to residential and 

commercial development. It also has reduced low lying desert habitat to a relatively thin 

strip along the west and south side of the Rincon Mountains. 

In summary, areas surrounding protected areas are suffering from the effects of urban 

encroachment by introducing threats to the environment, wildlife and even to visitor 

enjoyment. To minimize these threats, more information is needed about these effects so 

enhanced management strategies can be developed and implemented. To implement any 

management strategy, a partnership is required with the neighbors bordering protected 

area. Before these types of partnerships can be established, more information needs to be 
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collected and assessed as to the degree to which changes over the landscape are 

occuring due to urban encroachment.  

 

2.4. Management Strategies 

According to Shaw et al. (1996), any research focusing on the lands adjacent to Saguaro 

National park and their inhabitants has a great value because it can assist park managers 

in assessing and mitigating the impacts of urban pressure on a protected area.  

According to Shaw et al. (1996), any research focusing on the lands adjacent to Saguaro 

National park and their inhabitants has a great value because it can assist park managers 

in assessing and mitigating the impacts of urban pressure on a protected area. 

Establishing stronger communication processes among all the involved parties such as 

county authorities, park service authorities, developers, scientists and neighbors on any 

possible change occurring or occurring in the future that would have urban impact on 

buffer areas can be considered as a very important strategy.  For example, the work to 

establish a Buffer Overlay Zone Ordinance (BOZO) which addressed many important 

issues like landscape plant species, night lighting, and sunlight reflective standards, 

minimum percentage of open space, riparian habitat protection etc. A diverse group of 

local developers, environmental activists, biologists, realtors, and agency officials were 

working together for it. Afterwards, BOZO was debated and criticized but one thing was 

certain that without combined effort it would not have been possible (Propst, et al. 1998). 
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Research by Schonewald-Cox, C. et al. (1992) reviewed approximately 100 reports 

(excludes internal National Park Service Newsletters) regarding conflict resolution with 

surrounding lands. The summary of their review came up with different suggested 

strategies and one of them is legislation and enforcement efforts. Mannan and Bible 

(1989) suggested ways to reduce the impact of non-native bird and human adapted 

species. They suggested in areas adjacent to protected areas to a) limit density of housing 

near the boundary, b) reduce the number of horses, c) limit sources of open water, and d) 

limit landscaping with non-native plants, especially lawns. Therefore, putting restrictions 

on urban encroachment by the county or designated authority in a timely manner can be 

considered as an effective strategy to avoid harmful impacts due to urban encroachment. 

Information is very important and required by park managers and any others involved in 

addressing the issues that take place due to urban encroachment on adjacent lands (Shaw 

et al. 1996). Therefore, making maps, and developing databases could be helpful tools to 

increase awareness. Lack of proper information can lead unintentional harm of park 

resources by park neighbors (Harris, K. et al. 1997). 

Papageorgiou (2001) suggested educational approaches as a tool for conservation 

purposes from their research on park management and using visitors’ knowledge to 

assess effectiveness. The environmental education approach is helpful to create positive 

attitude among people. National park services have environmental education programs to 

emphasize increased understanding of the desert ecosystem in addition to enhancing a 

high level of environmental awareness among participants (Knights. et al. 1998). 
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Kruse and Card (2004) studied a conservation education camp program to discover 

changes in campers’ self-reported knowledge, attitudes, and behavior. The conservation 

education camp program was offered through a zoo education department and the 

participants were campers, mainly students from 10 to 18 years old. Evaluation was done 

immediately before and one month after the camp experience. Results showed that the 

students had an overall increase in their conservation and environmental knowledge, 

attitudes, and behavior. Hsu (2004) assessed the effect of a 16 week environmental 

education course on college students’ responsible environmental behavior and how it 

promotes associated environmental literacy variables such as environmental sensitivity, 

environmental attitudes etc. He did a posttest after 2 months and found responsible 

environmental behavior and other variables were persisting successfully. 

In addition to all these, Congressman Raul Grijalva and Congresswoman Gabrielle 

Giffords whose districts encompass the Tucson area in which the SNP is located 

sponsored legislation (H.R. 764) in early February’ 2007 to expand the boundary of 

Saguaro National Park by approximately 583 acres. Many people from Arizona and 

different conservation organizations such as the Rincon Institute, Tucson Mountains 

Association, Sonoran Institute, and the Coalition for Sonoran Desert Protection supported 

the legislation. This extended land includes 283 acres in the eastern section of the Park, 

and 300 acres in the west. After two years, in January’ 2009 again Congressman Grijalva 

introduced legislation to protect valuable natural resources and to maintain wildlife 

corridors near Saguaro National Park. This Saguaro National Park boundary expansion 

and study act of 2009 was established to expand the boundary of the park by at least an  
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additional 975 acres. This would enable the park to purchase lands from willing 

sellers adjacent to the parks east and west units. The legislation would also sponsor a 

study of the park’s adjacent lands to examine the natural, cultural, recreational and scenic 

values and character of these lands. This study of Saguaro National Park will be very 

helpful to support the scientific and social basis of this expansion initiative. 
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3. STUDY AREA 

This prototype study will be conducted in Saguaro National Park (SNP) East (Figure 1). 

However, there are many other parks and monuments for which this framework could be 

applied to assess urban encroachment on protected areas in Southern Arizona (i.e. Casa 

Grande Ruins National Monument (CAGR), Organ Pipe Cactus National Monument 

(OPRI), Chiricahua National Monument (CHIR), Fort Bowie National Historic Site 

(FOBO), Tumacácori National Historic Site (TUMA), Coronado National Memorial 

(CORO), Montezuma’s Castle National Monument (MOCA), Tuzigoot National 

Monument (TUZI), and the Tonto National Monument (TONT)). Although all of these 

parks are not facing problems because of urban development, there is a possibility that 

most of them will be facing several problems due to urban encroachment in the near 

future. It will be huge, time consuming, and expensive work to analyze all these parks 

and monuments individually. Therefore, Saguaro National Park East is considered as the 

model for this type of study. The research methodology and findings for this park would 

be applicable for all other parks and monuments that are facing urban encroachment. 

Saguaro National Park was established as a monument in 1933 and upgraded to a park in 

1994. It contains 91,327 acres (143 square miles) in south and central Tucson, Arizona, 

(http://www.shannontech.com/ParkVision/Saguaro/Saguaro.html). This total area is in 

two units.  The east side is in the Rincon Mountain District and the west side is Tucson 

Mountain District (NPS fire management plan report 2007). The Rincon mountain district 

SNP East section is 99 square miles containing the large Rincon Mountain range. The 

west section, Tucson mountain district is 104 square miles with the Tucson Mountains 
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and desert. A diversified number of animals and plants are common in the Saguaro 

National Park ranges from lowlands to high mountain peaks. Different varieties of 

Saguaro cactus are the major feature of this park.  The natural resources of this park are 

under increasing threat because of urban development near its boundary (Averill-Murray, 

2002). Since Saguaro National Park East is facing increasing adjacent development it can 

be considered as a suitable area for studying effect of urban encroachment. 
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Figure 1: SNP East and West (NPS Fire Management Plan Report, 2007). 
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4. METHODOLOGY 

This study is divided into the following two tasks described below:  

a) Land use/ land cover change assessment: Land use/ land cover change assessment 

due to urban encroachment for a ten to fifteen years period depending on 

availability of data.  

b) Neighbors’ perception survey: Implementation of a survey tool to evaluate 

neighbors’ perceptions regarding the effect of urban encroachment on wildlife, 

overall change in the buffer areas of the park due to urban encroachment, and 

strategies for reducing the effects of urban encroachment on protected areas.  

4.1. Land Use / Land Cover Change Assessment 

The first aim of this study was to analyze, map, and describe land use and land cover 

change for an approximately 10 to 15 years period on the areas that are adjacent to the 

park.  In this study National Land Cover Dataset (NLCD) is used for overall land cover 

change analysis. Classified 30m x 30m images of years 1992 and 2001 and the National 

Land Cover 1992-2001 retrofit change product were used to do the overall change 

analysis.  

For determining land use change on specific components like number of building units, 

Digital Orthophoto Quarter Quads (DOQQs) for years 1992, 2002, and 2007 were used, 

providing the ability to determine change for the 10 to 15 years period. These images are 

high resolution and good quality. 



 
 

 
 

 

32  
 

The National Land Cover Dataset 1992 was developed using thematic mapper 

imagery taken from 1990 to 1993.  A two step process was used to classify the imagery. 

First, unsupervised classification was used and then refined using a logical model based 

on ancillary data (Vogelmann et al., 2001).  On the other hand, the National Land Cover 

Dataset from 2001 was developed using an improved classification algorithm which 

provided more precise classification. By spatially subsetting the study area from each of 

these datasets of the state of Arizona, further analysis was performed. Figures 2 and 3 

below show the study area (Saguaro National Park and its one mile buffer area) for 

NLCD 1992 and NLCD 2001.  

The NLCD 1992 image of the study area shows that low intensity residential 

development existed to the west, north, and northwest sides of the park. Also, barren 

rocks/ sand/ clay, shrubland, commercial/ industrial/ transportation, grasslands, forest 

(deciduous, evergreen and mixed), and woody wetlands are found in these areas. 

 The NLCD 2001 image shows developed open space, low intensity development, 

medium intensity development and barren land (rock/sand/clay), open water, shrubland, 

grasses, forest (deciduous, evergreen and mixed) and woody wetlands that are visible in 

the west, north, south, northwest and southwest side of the park.   
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Figure 2: Study area in NLCD 1992 classified image. 33 
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Figure 3: Study area in NLCD 2001 classified image 34 
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Using model builder in ArcGIS, a model was developed for this analysis.  The area 

of interest was the Saguaro National Park East, Tucson, Arizona and its 1 mile 

surrounding land. The images were made binary (where 1= pixels belong to particular 

land cover class and 0 = all other pixels in the study area that are not belong to that 

particular land cover class) before the change analysis was performed. For those two 

particular years, the binary images were subtracted to find out the quantity of change. 

Then a 3x3 rectangular neighborhood focal mean function was used to include the 

influence of surrounding pixels on the binary images and then the two particular years’ 

binary images were subtracted to analyze change accordingly. Brabyn (2005) used focal 

functions for characterizing natural landscape in New Zealand. Advantages of using 

different focal functions were discussed in his paper.  

There were two reasons for using focal mean function in this analysis. First, there was no 

information found anywhere that ensures these two datasets co-register perfectly. It also 

was not found whether they do not co-register. When they are overlaid on each other for 

the study area, they seem to match very well.  However, by using focal mean function the 

possible unknown error (if there was any because of image co-registration) was 

minimized. Second, because of difference in production scheme and classification, in 

most cases direct pixel by pixel comparison between these datasets was not suggested by 

the producer of these datasets.  By averaging values of eight neighboring cells (using 3*3 

rectangular neighborhood functions) for the particular land cover classes, the focal mean 

function helped to minimize error for pixel by pixel comparison. 
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The six classes: low intensity development, barren, shrub land, forest, grasses, and 

woody wetland were considered because these are the classes present in datasets, 1992 

and 2001.  These six classes are same as per their definition provided in the metadata. 

These classes with their definition for each year datasets are provided in Table 1. 
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Table1: Land cover class definition for 1992 and 2001 dataset 

Class name Definition in 1992 dataset ( with code) Definition in 2001 dataset ( with code)  

Low 

intensity 

development 

21, Low intensity residential (areas with mixture of 

constructed materials and vegetation. Constructed 

materials in 30% - 80% cover, vegetation in 20% to 70% 

cover). 

22, Developed low intensity (areas with mixture of constructed materials 

and vegetation. Impervious surface account for 20% - 49% cover) 

23, Developed medium intensity (areas with mixture of constructed 

materials and vegetation. Impervious surface account for 50% - 79% 

cover). 

Barren 31, Bare rock/ sand/ clay (Perennially barren areas of 

bedrock, desert, pavement, scarps, talus, slides, volcanic 

material, glacial debris, and other accumulations of earthen 

material). 

31, Barren land: rock/ sand/ clay (Barren areas of bedrock, desert 

pavement, scarps, talus, slides, volcanic material, glacial debris, sand 

dunes, strip mines, gravel pits, and other accumulations of earthen 

material. Generally, vegetation accounts for less than 15 percent of total 

cover). 

Shrub land 51, Shrubland (Areas dominated by shrubs, Shrub cover is 

generally greater than 25 percent). 

52, Shrub/ Scrub (Areas dominated by shrubs, typically greater than 20 

percent of total vegetation). 
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Forest 41, Deciduous forest (Areas dominated by trees where 75 

percent or more of the tree species shed foliage 

simultaneously in response to seasonal change). 

42, Evergreen forest (Areas characterized by trees where 

75 percent or more of the tree species maintain their leaves 

all year.  Canopy is never without green foliage).  

43, Mixed forest (Areas dominated by trees where neither 

deciduous nor evergreen species represent more than 75 

percent of the cover present). 

41, Deciduous forest (Areas dominated by trees, generally greater than 5 

meters tall, and greater than 20 percent of total vegetation cover. More 

than 75 percent of the tree species shed foliage simultaneously in 

response to seasonal change).  

42, Evergreen forest (Areas dominated by trees generally greater than 5 

meters tall, and greater than 20 percent of total vegetation cover. More 

than 75 percent of the tree species maintain their leaves all year. Canopy 

is never without green foliage 

43, Mixed forest (Areas dominated by trees generally greater than 5 

meters tall, and greater than 20 percent of total vegetation cover. Neither 

deciduous nor evergreen species are greater than 75 percent of total tree 

cover). 

38 
 



 
 

 
 

 

39  
 

Grassland 71, Grassland/ herbaceous (Areas dominated by upland 

grasses and forbs.  In rare cases, herbaceous cover is less 

than 25 percent, but exceeds the combined cover of the 

woody species present. These areas are not subject to 

intensive management, but they are often utilized for 

grazing). 

71, Grassland/ herbaceous (Areas dominated by grammanoid or 

herbaceous vegetation, generally greater than 80 percent of total 

vegetation. These areas are not subject to intensive management such as 

tilling, but can be utilized for grazing. 

Woody 

wetland 

90, Woody wetland (Areas where forest or shrubland 

vegetation accounts for 25-100 percent of the cover and the 

soil or substrate is periodically saturated with or covered 

with water. 

91, Woody wetland (Areas where forest or shrubland vegetation accounts 

for greater than 20 percent of vegetative cover and the soil or substrate is 

periodically saturated with or covered with water. 
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There were slight differences in the classification schemes for the datasets. An open 

file report by the US Department of Interior and US Geological Survey, “ Completion of 

the National Land Cover Database ( NLCD) 1992 – 2001 Land Cover Change Retrofit 

Product” (2008), provided some indication that direct change analysis using NLCD 1992 

and 2001 dataset may not produce scientifically acceptable results. They indicated that 

direct comparison of these two images is not recommended and it will result in changes 

that are not true changes but a byproduct of the different production methods of these two 

datasets. Because of differences in the two source datasets NLCD 1992 and NLCD 2001, 

this analysis was not capable of providing exact change over the landscape. Over all, this 

part of change analysis was helpful to analyze over all trend of change. 

To accommodate direct comparison of these two products the NLCD design team 

developed a retrofit change product. This change product was used further in this study to 

represent refined and accurate change results. The classification scheme is totally 

different in this retrofit change product. Both the classified unchanged and the changed 

pixels are represented in this product. For the changed pixels, direction of change with 

their previous and changed class is also represented.  

For this study, from the number of pixels in the retrofit change product (cell counts) the 

percent change was calculated.  The study area was extracted by mask and the change 

analyzed only for the area of interest. Detailed results are shown in tabular form and in 

map form in the results and discussion section. The NLCD classified images and the 

results of the retrofit change product provided generalized information on changes over 

the landscape in the area.  
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To analyze specific land use changes, like how many new buildings have been built 

in that area over time, Digital Orthophoto Quarter Quads (DOQQ) images for the years 

1992, 2002, and 2007 were used. The three digitized DOQQ images are presented in the 

results and discussion section with the number of building rooftops found each year. 

Since the east side of the park is occupied by the large Rincon mountain range (part of 

the Coronado National Forest) and development occurs to the north, northwest, southwest 

and south sides of the park.  

Building roofs were subsequently digitized as points in 1 mile buffer area of Saguaro 

National Park East boundary.  Both the 1992 and 2007 images are 1m x 1m images and 

2002 image is 1 ft. x 1 ft. image.  The 1992 image is a black and white image but the 

2002 and 2007 are both color images. These images are not homogenous and direct 

comparison pixel by pixel would be wrong. Therefore, visual inspection of building roof 

tops is used for digitizing. Building rooftops are visible distinctly in most cases regardless 

of weather condition and season of capturing the image. The 1992 image is a 1m x 1m 

resolution black and white image and it was not any problem to find out visually which 

are the building roof tops. The 2002 image is a 1ft x 1 ft resolution color image in which 

it was even easier to see the building rooftops. The 2007 image is a 1m* 1m resolution 

color image and in this case too it was easy to find the building rooftops. However, there 

was still a chance of digitizing wrongly since visual inspection by human eye may have 

error too. Therefore, an error index is calculated using finer image.  Fritz et al. (2009) 

used Google Earth for land cover validation. They suggested in their study that because 

of the really fine image google earth provide, it is even possible for general internet users 
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too to distinguish land cover features with high reliability. They also suggested that 

it has great potential for validating land cover images. Taking this as a reference, similar 

type internet product BingMap image is used in this study. Microsoft product BingMap 

provides finer image which in many cases is .2 m per pixel. They have aerial view and 

birds eye view which makes recognizing objects very easy.  The latest image used in this 

study for digitizing is 2007, 1 m x 1 m DOQQ image. This latest image is than compared 

with Bing Map’s latest image from year 2009 for a representative random number of 

points to do the accuracy assessment. The total number of building roofs digitized for this 

particular year (2007) was n=1645.  

Previous literature was reviewed to determine what other researchers would recommend 

as to how many points would be required for accurate and representative sample. Wulder 

et al. (2007) in their study on validation of a large area land cover product using purpose 

acquired airborne video suggested that sample size selection in many cases has to be done 

using a tradeoff between statistical rigor and logistical realities. In their study, for an area 

of 31, 284 square kilometer they used a sample size of 500 airborne video scenes. 

Compared to their sample size, this study used digitizing only on an area of around 50 

square kilometer and sample size for validation used is 200 random points.  

The survey sample size table provided in Salant and Dillman (1994), “How to Conduct 

your own Survey “book was used to determine the survey sample size. According to that 

table, with a 95% Confidence Interval and 80/20 split (since everything being digitized 

was building roofs and they do not vary in appearance so much) for a population size 

1000, sample size is n=198 and for a population of 2500, sample size is n=224. 
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Therefore, for n=1645 points, n=200 random points were considered here as 

sufficient sample size.  

From the total 1645 points n=200 points was used randomly using “rand between” 

function in Microsoft Excel to compare with the Bing map image to find out if it was 

digitized correctly. Co-ordinates (geographic co-ordinates in decimal degrees) were taken 

for those points and inserted them in the Bingmap search to see if it is locating a building 

at the study area. The digitized maps for all three years and the results in tabular form are 

included in the results and discussion section. 

4.2. Neighbors’ Perception Survey  

How urban growth affects natural resources and wildlife inside the park and in the 

surrounding area is a very important scientific investigation. Due to lack of funding it 

was impossible to conduct field level research on the effects on wildlife in the buffer 

areas adjacent to Saguaro National Park East. For this study the neighbors’ perception of 

the effects of urbanization on wildlife in this area has been collected through a mailed 

survey. Neighbors’ perceptions on the overall change over the landscape and possible 

management strategies are also investigated through this survey.    

4.2.1. Perception of Wildlife 

A review of the literature (see 2.3 above) suggested that the following wildlife species 

most frequently visit neighboring communities from protected areas.  These are the 
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wildlife that is more likely to be impacted either positively or negatively due to 

urban encroachment.  They are as follows:  

1) European Starling and House Sparrow: These two species are non-native bird 

species.  Frequency of observing non-native bird species (European starling/ 

House Sparrow) in the neighborhood is important. Whether neighbors are 

observing these birds all the time in their neighborhood and also if they are 

observing more of these birds at recent days than they first moved in were 

investigated in this survey. If the neighbors that are at a close vicinity to the park 

observing these birds more than those that are further were also investigated.  

2) Mule Deer: Neighbors were asked how frequently they are seeing Mule Deer in 

their neighborhood and why they think the deer are attracted to that area (being 

curious, for food, for water, unknown reason). Variation in neighbors’ perception 

due to temporal and spatial variation of their presence is analyzed. 

3) Desert Tortoise:  Questions were asked to the neighbors if they observe desert 

tortoise near their home or street and if they observe road killed tortoise near their 

home or street. If a respondent saw a tortoise road kill, what could be the reason 

of their mortality (from disease, hit by car, being captured or unknown) was also 

analyzed. Perception on temporal and spatial variation on their presence is 

analyzed as well. 

4) Questions regarding frequency of observing deceased animals (e.g. Rabbit, Deer, 

Bird, Tortoise, and Snake) were also asked in the surrounding neighbor survey.  
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5) What are the common household pets and if neighbors were observing interaction 

between these pets and wildlife and what were the common interaction they 

observed were the questions that were also asked to the neighbors. Neighbors’ 

responses to these questions were analyzed. This analysis supposed to provide an 

indication of how residential development near the parks was affecting or being 

affected by the surrounding wildlife. 

Some general questions were asked regarding wildlife diversity and threat to wildlife 

crossing the road. The responses were analyzed to find out neighbors' perception on these 

issues. Detailed analysis results on all five categories above are presented in the result 

and discussion section with relevant tables and charts.  

4.2.2. Perception of Overall Change 

Neighbor’s Perception of overall change in the areas adjacent to the park due to urban 

encroachment was analyzed as the perceptions and attitudes of the people living near the 

park is considered highly relevant and valuable data on the effects of urbanization on 

protected areas and helpful in determining acceptable urban growth strategies.  

4.2.3. Management Strategies 

A review of literature (see 2.4 above) revealed a number of possible management 

strategies that have been used in situations where urban encroachment is having adverse 

impacts on protected areas. Some of these strategies were proposed in the survey to 

obtain some idea from the respondents which ones would be helpful for reducing the 
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effects of urban growth on protected areas. Some of the dominant management 

strategies are as follows:  

1) Strong unity among involved parties is a great advantage to address any issues 

that is going to put a significant impact. Therefore, establishing stronger 

communication process among all the involved parties such as county authority, 

park service authority, developers, scientists and neighbors on any possible 

change happened or going to happen for urban impact on buffer areas in course of 

time can be considered as a very important strategy.  Neighbors’ perceptions 

regarding this strategy were investigated in the survey.  

2) Providing appropriate and accessible resources for all the involved parties by 

establishing library, databases etc. to preserve useful information about any 

change over the landscape for urban encroachment can be an effective strategy. 

Therefore, neighbors’ perception on this strategy was also investigated in the 

survey.  

3) Depending on latest updated information and future prediction, restrictions should 

be set up on urban encroachment by the county or designated authority in a timely 

manner to avoid any harmful impact because of urban encroachment in the buffer 

areas of national parks. Also, legislation and enforcement of laws is helpful to 

control excessive urban development which is harmful for natural resources of 

parks and monuments.  Particular restrictions by appropriate authority can be 

enforced for saving valuable bird community and also for other wildlife. 

Neighbors’ perception on restrictions was investigated in the survey.  
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4) Community service projects and financial incentives could be useful and 

attractive strategies (Chorover 2005) for encouraging developers and neighbors to 

help minimize or avoid harmful effects of urban impact. Neighbors’ perception on 

this strategy is also investigated in the survey.  

5) Environmental education program can be conducted to motivate neighbors, 

developers and other resource users for minimizing urban encroachment. Harris et 

al. (1997) concluded in their study that neighbors’ behavior and attitude can affect 

planning and management of natural resources of a protected natural area. Not 

only that, they also mentioned the strong possibility of neighbors being powerful 

political allies to resource managers and urban planners. To develop a positive 

attitude in neighbors and eventually at some point to help develop 

environmentally responsible behavior in them, communication, education and 

involvement of neighbors are important. Environmental education program is 

helpful to at least change the knowledge level and in some cases attitude and 

sometimes even behavior of people. As mentioned in the literature review section 

many literatures support that. Rincon Institute was developed primarily to help 

protect the Saguaro National parks resources. They have environmental education 

programs to emphasize increased understanding of desert ecosystem. Also, they 

have a goal of developing a high level of environmental awareness among their 

participants (Knights et al. 1998). Therefore, it can still be an effective strategy in 
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this case. Neighbors’ perception on environmental education strategy is 

investigated in the survey too.  

Other than these strategies, Neighbors’ were also asked to express their own ideas on 

possible strategies and those strategies are also presented  and discussed in the results 

together with  neighbors’ support on above mentioned strategies.  

4.2.4. Survey Method 

This survey questionnaire was developed to identify neighbors’ perceptions (attitude and 

intension) about increasing development surrounding Saguaro National Park East, the 

impact of these developments on the natural resources inside and on land adjacent to the 

park and the potential impacts on wildlife. Finally, this survey was seeking park 

neighbors’ input on acceptable urban growth strategies that protect natural resources and 

allow residents to live in harmony next to protected areas. A previous study by Shaw et 

al. (1996) on land use and land cover computerized database development and Harris’s 

(1997) study of urban neighbors’ wildlife related attitudes and behaviors near protected 

areas both acted as helpful background for designing this survey. This survey was 

conducted among the neighbors who live within 2 miles (an extended area in the south 

side over 2 miles) area adjacent to Saguaro National Park East. The survey was done as a 

random mail survey by the researcher of this study. There are five parts of the survey 

questionnaire: 

1) General knowledge and information about the Saguaro National Park and 

surrounding areas,  
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2) Perceptions of wildlife and their habitats,  

3) Perceptions of possible conflicts,  

4) Perceptions of possible ways for solving the conflicts, and  

5) Basic personal information. 

The adjacent area to the national park that was used for survey sampling contains 

approximately n=4751 households (Pima county assessors’ office data (August 19, 

2008)). According to Salant and Dillman (1994), a 95% CI, 5% sampling error and 50/50 

split stratified random sample size of approximately n=357 households is required to get 

a statistically representative sample. To receive a significant amount of response, twice of 

the required sample, n=714 questionnaires, were planned to be sent out to neighbors 

surrounding the SNP but because of lack of funding the original sample of n=357 

questionnaires were sent.  From the Pima county assessor’s office website, subdivision 

information like addresses of homeowners and assessed valuation of individual houses 

surrounding the park boundary was collected. From the Pima County department of 

transportation website (http://www.dot.pima.gov/gis/pclayers/) the data layers were used 

to double check or verify the addresses of people residing in the area.  

The stratification of this sample was based on housing values. Median Housing value was 

considered as an important variable for stratification since it is an indicator of the 

neighbor’s socio-economic condition. Housing value is usually negatively correlated with 

housing density; i.e. if housing value is high then housing density is typically low. In this 

sampling process median housing price for each subdivision was determined. After that, 
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the median of the entire median housing value is taken as the mid point of dividing 

the neighboring residential subdivisions into two strata, high and low.  Subdivisions that 

have a median housing value greater than the median housing value for the entire sample 

area are taken as the high group and subdivisions that have a median housing value below 

the entire median housing value are taken as the low group.  

Using this stratification method, out of a total of n=4751 households, the low housing 

value group accounts for approximately n=2989 houses and high housing value group of 

n=1762 houses which mean the low group has 63% houses and the high group has 37% 

houses proportionately. Since the sample size is n=357 households, the low group has 

n=225 houses and the high group has n=132 houses in as the sample.  For both the high 

and low groups, the subdivision names are arranged alphabetically and all the houses in it 

are assigned serial numbers. After that random numbers were generated in Microsoft 

Excel to randomly select houses from these serial numbers for sending out the surveys. 

Some other variables could also be considered for stratifying the sample such as the age 

of a neighborhood, but the problem was that if a neighborhood started to be built at a 

certain year, building continued for several years. Each individual house has a specific 

age, but it is difficult to get this detailed information from the available sources. Also, 

moving in and moving out of the house happens at different times regardless of the time 

when the house was built. So, the age of a house may not match with ownership by the 

residents of the house participating in the survey. Therefore, age of houses is not used for 

stratifying the sample. Rather, in the questionnaire, a question is provided regarding 
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neighbors’ move-in year to the neighborhood. This valuable information is further 

used for analyzing the data. 

Since it was difficult to send out all n=357 surveys at one time, the surveys were sent out 

in 4 steps. The first pool of surveys was sent out for the first time in the middle of 

February 2010 and two weeks was assigned as the time for getting back responses. After 

time had passed the responses that came back was considered late. The second pool was 

sent out in the middle of March and the same rule followed, the third pool was sent out in 

the middle of April and the fourth pool was sent out in the middle of May. For all of four 

pools the same rule followed. No follow up was possible because of lack of funding.  

After that the responses were coded and processed for analyzing.  

For testing the validity of the questionnaire the questionnaire was reviewed by a panel of 

experts who are faculty members at the University of Arizona. A pilot survey was 

conducted among a convenient sample of graduate students and staff of the School of 

Natural Resources, University of Arizona to test the reliability and validity of the 

questionnaire. After obtaining responses from these graduate students and staff, 

alterations were made to the questionnaire.  

In total, n=357 surveys were mailed through the postal service, n=80 responses returned 

with completed surveys and n=18 surveys returned unopened because of vacant address. 

After making adjustment for the vacant addresses, the overall response rate was 23.60%.  

For handling non-response, an error comparison procedure of early to late respondents’ 

was used. A study by Lindner et al. (2001) on handling non-response in social science 

research proposed comparison between early and late respondents method as acceptable. 
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Late respondents are defined here operationally and their responses are compared to 

early respondents to find out if there is a significant difference between these two groups.  

The early and late respondents were separated as groups and were compared using 

independent sample t-test for each question asked.  Statistical Programming for Social 

Sciences (SPSS) was used for this analysis. Table 2 and table 3 below are presenting the 

group statistics and the independent sample t-test result for neighbors’ response to the 

question regarding benefit of living near Saguaro National Park (East). 

 
Table 2: Group statistics of early respondents and late respondents for their response to 
question no.2 (benefit living near SNP East) 
 

Part1: Q2 id of 
participants N Mean 

Std. 
Deviation 

Std. 
Error 
Mean 

>= 70 11 2.00 .000 .000 Benefit living near SNP East ( Natural 
beauty of the area) < 70 68 1.96 .207 .025 

>= 70 11 1.73 .467 .141 Benefit living near SNP East ( Close 
to nature) 

< 70 68 1.91 .286 .035 

>= 70 11 1.82 .405 .122 Benefit living near SNP East ( be in a 
quiet place) 

< 70 68 1.88 .325 .039 

>= 70 11 1.09 .302 .091 Benefit living near SNP East (close 
vicinity to work) 

< 70 68 1.10 .306 .037 

>= 70 11 1.64 .505 .152 Benefit living near SNP East 
(recreation opportunities from the 
park) < 70 68 1.49 .503 .061 

>= 70 11 1.00 .000 .000 Benefit living near SNP East (close to 
rincon creek) 

< 70 68 1.18 .384 .047 
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Part1: Q2 id of 
participants N Mean 

Std. 
Deviation 

Std. 
Error 
Mean 

>= 70 11 1.27 .467 .141 Benefit living near SNP East (best 
home price available) 

< 70 68 1.25 .436 .053 

>= 70 11 1.09 .302 .091 Benefit living near SNP East 
(Increasing  property value) 

< 70 68 1.38 .490 .059 

>= 70 11 1.18 .405 .122 Benefit living near SNP East (good 
school district) 

< 70 68 1.29 .459 .056 

>= 70 11 1.36 .505 .152 Benefit living near SNP East (Live out 
of city) 
 
 
 

< 70 68 1.46 .502 .061 
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Table 3: Independent samples t test results of early respondents and late respondents for their response to question no.2 
(benefit living near SNP East) 

 
Levene's Test for 

Equality of 
Variances t-test for Equality of Means 

95% Confidence Interval of 
the Difference Part1: Q2  

F Sig. t df 
Sig. (2-
tailed) 

Mean 
Difference 

Std. Error 
Difference Lower Upper 

Equal 
variances 
assumed 

2.176 .144 .703 77 .484 .044 .063 -.081 .169 Benefit living near 
SNP East ( Natural 
beauty of the area) 

Equal 
variances not 
assumed 

    
1.758 67.000 .083 .044 .025 -.006 .094 

Equal 
variances 
assumed 

9.742 .003 -1.801 77 .076 -.184 .102 -.388 .020 Benefit living near 
SNP East ( Close to 
nature) 

Equal 
variances not 
assumed 

    
-1.272 11.241 .229 -.184 .145 -.503 .134 

Equal 
variances 
assumed 

1.230 .271 -.588 77 .559 -.064 .109 -.282 .153 Benefit living near 
SNP East ( be in a 
quiet place) 

Equal 
variances not 
assumed 

    
-.501 12.172 .626 -.064 .128 -.343 .215 

Equal 
variances 
assumed 

.060 .807 -.121 77 .904 -.012 .099 -.210 .186 Benefit living near 
SNP East (close 
vicinity to work) 

Equal 
variances not 
assumed 

    
-.123 13.557 .904 -.012 .098 -.223 .199 
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Levene's Test for 
Equality of 
Variances t-test for Equality of Means 

95% Confidence Interval of 
the Difference Part1: Q2  

F Sig. t df 
Sig. (2-
tailed) 

Mean 
Difference 

Std. Error 
Difference Lower Upper 

Equal 
variances 
assumed 

4.828 .031 .923 77 .359 .151 .164 -.175 .477 Benefit living near 
SNP East (recreation 
opportunities from the 
park) Equal 

variances not 
assumed 

    
.922 13.430 .373 .151 .164 -.202 .504 

Equal 
variances 
assumed 

14.886 .000 -1.516 77 .134 -.176 .116 -.408 .055 Benefit living near 
SNP East (close to 
rincon creek) 

Equal 
variances not 
assumed 

    
-3.789 67.000 .000 -.176 .047 -.269 -.084 

Equal 
variances 
assumed 

.094 .760 .159 77 .874 .023 .143 -.262 .308 Benefit living near 
SNP East (best home 
price available) 

Equal 
variances not 
assumed 

    
.151 12.982 .882 .023 .150 -.302 .348 

Equal 
variances 
assumed 

45.890 .000 -1.910 77 .060 -.291 .153 -.595 .012 Benefit living near 
SNP East (Increasing  
property value) 

Equal 
variances not 
assumed 

    
-2.684 19.811 .014 -.291 .109 -.518 -.065 
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Levene's Test for 
Equality of 
Variances t-test for Equality of Means 

95% Confidence Interval of 
the Difference Part1: Q2  

F Sig. t df 
Sig. (2-
tailed) 

Mean 
Difference 

Std. Error 
Difference Lower Upper 

Equal 
variances 
assumed 

3.305 .073 -.764 77 .447 -.112 .147 -.405 .180 Benefit living near 
SNP East (good 
school district) 

Equal 
variances not 
assumed     

-.838 14.506 .416 -.112 .134 -.399 .174 

Equal 
variances 
assumed 

2.521 .116 -.565 77 .574 -.092 .163 -.417 .233 Benefit living near 
SNP East (Live out of 
city) 

Equal 
variances not 
assumed 

    
-.563 13.405 .583 -.092 .164 -.445 .261 

 
Note: Significant (2 tailed) value > .05 means the early and late respondent groups have no significant difference between them 
for their response to the question. 
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From table 3 it was found that in almost all cases the significant two tailed value was 

greater than .05 ( represented with shaded values in table 3), which means responses from 

the early respondents was not significantly different than the late respondents. This leads 

to the assumption that late respondents are not significantly different than non-

respondents. Similar analysis results for neighbors’ response to all other questions from 

the survey are provided in the appendix. 

After collecting the responses from the neighbors, the data was entered into a database 

and subsequently summarized. The sample was completely random and the respondent 

neighbors are displayed in a map per neighborhood. Out of total 44 neighborhoods, 

responses were received from n=26 neighborhoods which is 59.09% of the total 

neighborhoods.  It shows that respondent neighbors are well dispersed throughout the 

neighborhood. The map is provided below. 
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Figure 4: Neighborhood-wise neighbors’ response 

 

In this map, the yellow color neighborhoods responded and the pink color neighborhoods 

did not respond to the survey. From this survey, neighbors’ perception on changes due to 

urban encroachment in the surrounding area of park is investigated and analyzed. General 

questions as to when they moved to that area, what are their benefits of living in that area, 

and how many times they visited their neighborhood parks were asked. Responses to 

these questions provided usable information on their interest in the area and their interest 
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in nature. They were asked to rank different threat factors related to urbanization for 

their area adjacent to the park and their responses were analyzed. These analysis results 

are provided in the results and discussion section.  

4.2.5. Comparing Change in Residential Development and Neighbors’ Perception 

To investigate if neighbors’ are perceiving the changes over the landscape due to urban 

encroachment at the same degree as it is found from change in residential development, 

the digitized building units from year 1992 and 2007 were intersected inside GIS 

environment with the neighborhood boundaries that are within one mile distance from the 

park. Then percent increase in building units was calculated per neighborhood for 15 

years period only from those neighborhoods that responded to the survey. This percent 

increase in building units per neighborhood was then ranked depending on an arbitrary 

ranking scale (1, very small increase to 5, very large increase). Average housing growth 

per decade is 20.8% in United States since 1940 (Radeloff, V. et al. 2010). Taking this as 

a reference, for a 15 years period, the ranking scheme was  

1, very small increase: 0% - 10% increase in residential development 

2, small increase:  10% - 20% increase in residential development 

3, medium increase: 20 - 30% increase in residential development (since 20.8% increase 

is an average increase for 10 years) 

4, large increase: 30% – 40% increase in residential development  

5, very large increase: over 40% increase in residential development 
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Neighbors’ rankings were averaged per neighborhood for their response to few 

questions related to impact of urban encroachment. The scale of ranking that was 

provided to the neighbors by the survey was 1 to 5 for those particular questions where 1 

was very low impact and 5 was very high impact.   

Ranking of neighborhoods for increase in development and average rankings by 

neighbors’ per neighborhood for impact of urban encroachment for few specific cases 

was then compared. Detailed analysis results are included in the results and discussion 

section. 

Some personal information questions, such as what was their education level and are they 

male or female, were asked too just to receive some general idea of the respondents.  



5. RESULTS AND DISCUSSION 

5.1. Land Use / Land Cover Change Assessment 

5.1.1. NLCD Land Cover Change 

The first initiative of land cover change analysis was taken using National Land Cover 

Dataset 1992 and 2001. Figures 5 to 20 below show the results of the change analysis for 

direct subtraction and for a focal mean function considering a 3 x 3 rectangular 

neighborhood for these two years of classified images.  The land cover classes that are 

commonly found in the analysis are low intensity development, shrub land, barren land, 

forest, grass, and woody wetlands. In addition to these figures (Figure 5 - 20), the change 

analysis results are presented in Tables 2 - 4.  

In Figure 5, orange color pixels that represent change in low intensity development 

dominate in the areas adjacent to the west, northwest, and southwest sides of the park. 

The northwest corner is highly crowded with these pixels. Using focalmean of 3 x 3 

rectangular neighborhood functions, the change in low intensity development is 

represented in figure 6 in more detail in two different levels, 10 to 20% and 20 to 100% 

change. Figure 7 shows changes for shrub land (areas dominated by shrubs) in the study 

area. The dark blue pixels representing change are dispersed over almost the entire area 

inside and outside the park. The highest concentration is at the east side of the park. The 

same change in shrub land is represented in Figure 8 using a 3 x 3 rectangular 

61 



 
 

 
 

 

62  
 

neighborhood focalmean function and it represents the change in more detail such as 

change in 10 to 20% and 20 to 100%.  

Barren area mostly changed on the west and south west side outside the park boundary 

and also somewhat at the east side inside the park boundary (Figure 9). Barren area is 

represented by reddish pink color. Figure 10 reveals the same change in barren area using 

a 3x3 rectangular neighborhood focalmean function and represents the change in more 

detail such as change in 10 to 20% and 20 to 100%. 

Figure 11 illustrates that forested areas have 20 to 100% change over the landscape with 

dark green pixel are dominating mostly in east, north east and south east at inside and 

adjacent land of the park. Figure 12 below shows changes in forested area using 3 x 3 

rectangular neighborhood focalmean function. Like earlier cases, in this case also 

analysis result is detailed. Changes in grasses with purple color pixels are represented in 

Figure 13 below. Little changes in grasses are visible from this analysis. Figure 14 shows 

this change in detail using 3 x 3 rectangular neighborhood focalmean function. Change in 

woody wetlands is represented with dark navy blue color in Figure 15. This analysis 

shows that little change is occurred in woody wetland. Figure 16 shows detailed changes 

using 3x3 rectangular neighborhood focalmean function analysis. 



 

Figure 5: Change in low intensity development, 1992 – 2001 (direct subtraction method). 
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Figure 6: Change in low intensity development, 1992 - 2001 (3 x 3 rectangular neighborhood focalmean function). 64 
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Figure 7: Change in shrub land, 1992 – 2001 (direct subtraction method). 65 
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Figure 8: Change in shrub land, 1992 - 2001 (3 x 3 rectangular neighborhood focalmean function). 66 
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Figure 9: Change in barren area, 1992 – 2001 (direct subtraction method). 67 
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Figure 10: Change in barren area, 1992 - 2001 (3 x 3 rectangular neighborhood focalmean function). 68 
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Figure 11: Change in forest area, 1992 – 2001. 
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Figure 12: Change in forest area, 1992 - 2001 (3 x 3 rectangular neighborhood function). 70 
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Figure 13: Change in grass area, 1992 - 2001. 71 
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Figure 14: Change in grasses, 1992 - 2001 (3 x 3 rectangular neighborhood function). 
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Figure 15: Change in woody wetland, 1992 - 2001. 73 
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Figure 16: Change in woody wetlands, 1992 - 2001 (3 x 3 rectangular neighborhood function). 74 
 



In Table 4, 20% to 100% change in land cover from 1992 – 2001 is represented. This 20 

– 100% change occurred in large areas of forested land, shrubland, low intensity 

development areas, and barren areas.  For grasses and woody wetland this change is 

occurred in relatively smaller areas. When the 3 x 3 rectangular neighborhood focalmean 

function was used for analysis, it produced detailed results. This analysis pulled out areas 

that have 10 – 20% and 20 to 100% change for all these land cover classes. Therefore, the 

total “changed” area for each class increased. However, the trend of change for land 

cover class for direct subtraction and for focal mean function was the same. Table 5 

below represents this analysis. 

Table 4: Change in landscape at SNP East and its one mile buffer area, 1992 – 2001 
(direct subtraction method). 

Land cover classes Percent Change 
Area Changed in Hectare 

( 1992 – 2001) 

% Change in Area Out 
of the Total Analysis 

Area 
Low intensity 
development 

20 – 100% 176.13 0.47 

Barren 20 – 100% 84.51 0.22 
Shrub land 20 – 100% 2,542.95 6.75 

Forest 20 – 100% 2,785.95 7.38 

Grasses 20 – 100% 20.70 0.05 
Woody wetlands 20 – 100% 7.74 0.02 
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Table 5: Change in landscape at SNP East and its one mile buffer area, 1992 – 2001 
(focalmean function for 3 x 3 rectangular neighborhood). 

 

Land cover classes Percent Change 
Area Changed in Hectare 

( 1992 – 2001) 

% Change in Area Out 
of the Total Analysis 

Area 
0 – 10% - 0.00 
10 – 20% 132.93 0.35 
20 – 100% 360.99 0.95 

Low intensity 
development 

Total 493.92 1.30 
0 – 10% - 0.00 
10 – 20% 74.07 0.19 
20 – 100% 189.00 0.50 

Barren 

Total 263.07 0.69 
0 – 10% - 0.00 
10 – 20% 2,622.51 6.89 
20 – 100% 4,504.14 11.84 

Shrub land 

Total 7,126.65 18.73 
0 – 10% - 0.00 
10 – 20% 2,023.11 5.32 
20 – 100% 5,333.85 14.02 

Forest 

Total 7,356.96 19.34 
0 – 10% - 0.00 
10 – 20% 19.80 0.05 
20 – 100% 47.34 0.12 

Grasses 

Total 67.14 0.17 
0 – 10% - 0.00 
10 – 20% 11.52 0.03 
20 – 100% 18.09 0.05 

Woody wetlands 

Total 29.61 0.08 

 

Total “changed” area is compared for the direct subtraction method and the 3x3 

rectangular neighborhood focalmean function method in Table 6. Comparison shows that 

the “changed” area is almost three times greater with the focalmean function method than 

with the direct subtraction method. It is obvious because focal mean function method is 

providing more detailed change result and covering more area. Most important point here 

is, in both cases the greatest changes are occuring in forested areas followed by shrubland 
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and low intensity development. The trends of change for land cover classes are same 

for both the methods. 

Table 6: Comparison between direct subtraction method and focalmean function method 
for land cover change 
 

Area Changed in Hectare ( 1992 – 2001) 
% Change in Area Out of the Total 

Analysis Area Land cover 
classes 

Direct method 
Focalmean function 

method 
Direct method 

Focalmean 
function method 

Low intensity 
development 

176.13 493.92 0.47 1.30 

Barren 84.51 263.07 0.22 0.69 
Shrub land 2,542.95 7,126.65 6.75 18.73 

Forest 2,785.95 7,356.96 7.38 19.34 
Grasses 20.70 67.14 0.05 0.17 

Woody wetlands 7.74 29.61 0.02 0.08 

 
 

All the above analyses reveal change over the landscape from 1992 – 2001 in the study 

area together with their spatial location and area wise distribution for the two different 

analysis methods. Represented are changes of 10 – 20% and 20 – 100% from 1992 – 

2001 depending on the analysis method. In both methods, changes are happening in 

larger areas for forest, shrubland and low intensity development respectively. However, it 

was not possible to determine specific details such as which land cover class is converted 

to which from this analysis. Also, specific percent change from 1992 – 2001 for any 

specific class was not possible to figure out from this analysis. The NLCD 1992- 2001 

retrofit change product helped to overcome these limitations and facilitate analysis, 

provided more details regarding changes over the landscape.  
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Using the NLCD 1992-2001 retrofit change product, the change analysis result is 

different.  It has unchanged pixels and changed pixels specifying the direction of change. 

Figure 17, 18 and Table 7- 15 represent this analysis result below. 

Figure 17 below shows changed and unchanged land cover classes at SNP East including 

its one mile adjacent land. Since development is restricted inside the park, land cover 

change due to urban encroachment is more likely to happen in the surrounding area. 

Therefore, the buffer area (one mile adjacent land) around the park is extracted and land 

cover change in that area is analyzed (Figure 18). 

 



 

Figure 17: Retrofit change image, SNP East and its buffer, 1992 - 2001. 79 
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Figure 18: Retrofit change image, SNP East buffer, 1992 – 2001.

80 
 



Table 7 represents land cover classes with their area (ha) for the year 1992. These areas 

are calculated from the NLCD 1992 – 2001 retrofit change image for SNP East and its 

one mile buffer. 

Table 7: Base area by land cover class at SNP East and its buffer, 1992 
 

 

 

 

 

Table 8 below represents the land cover classes with area (ha) that has not been changed 

from the year 1992 to 2001. 

Table 8: Unchanged area by land cover class at SNP East and its buffer, 1992 -2001 
 

Class value Cell count Area (ha) Cover class 

1 51 4.59 Open water 
2 5,904 531.36 Urban 
3 1,020 91.80 Barren 
4 113,714 10,234.26 Forest 
5 284,791 25,631.19 Grassland/Shrub 
6 73 6.57 Agriculture 
7 77 6.93 Wetlands 

Total area unchanged (ha) = 36,506.70  
Total study area (ha) = 37,761.93  

 

Table 9 represents change over the landscape for different land cover classes in area (ha) 

and percentage. The percentage is calculated on previous land cover class and also on the 

total area. This analysis reveals that urban area increased 2.13% on previous class for the 

Cover class Area (ha) 
Open water 4.59 
Urban 531.36 
Barren 91.80 
Forest 11,193.48 
Grassland/Shrub 25,902.45 
Agriculture 31.32 
Wetlands 6.93 
Total area (ha) 37,761.93 
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park and its buffer together. Agricultural lands decreased 76.15% on previous class. 

Forests also decreased 6.24% on previous land cover class. It is of interest to analyze 

what happened to this huge amount of agricultural land and to the forest land and from 

where the increased area classed as urban came. Table 9 below focuses on these issues. 

Table 9: Change in area by land cover class at SNP East and its buffer, 1992-2001 
 

Area in different years 
(ha) 

*Percent change in area 
(%) 

Cover class 
1992 2001 

*Change 
in area 
(ha) On previous 

class 
On total 

area 
Open water 4.59 4.59 - 0.00% 0.00% 
Urban 531.36 542.70 11.34 2.13% 0.03% 
Barren 91.80 93.60 1.80 1.96% 0.00% 
Forest 11,193.48 10,494.81 (698.67) -6.24% -1.85% 
Grassland/Shrub 25,902.45 26,611.83 709.38 2.74% 1.88% 
Agriculture 31.32 7.47 (23.85) -76.15% -0.06% 
Wetlands 6.93 6.93 - 0.00% 0.00% 
Total area (ha) 37,761.93 37,761.93    

* () mean area reduced and '-' mean area not changed for that cover class  
 

Table 10: Class to class change in area at SNP East and its buffer, 1992 - 2001. 
 

Cover class changed 
Percent change in 

area (%) 
Class 
value 

Cell 
count 

Area 
changed 

(ha) From To 
On 

previous 
class 

On total 
area 

43 6 0.54 Forest Barren 0.005% 0.001% 

45 10,652 958.68 Forest 
Grassland 

/Shrub 
3.701% 2.539% 

52 95 8.55 Grassland/Shrub Urban 0.033% 0.023% 
53 14 1.26 Grassland/Shrub Barren 0.005% 0.003% 
54 2,895 260.55 Grassland/Shrub Forest 1.006% 0.690% 
56 10 0.90 Grassland/Shrub Agriculture 0.003% 0.002% 
62 31 2.79 Agriculture Urban 8.908% 0.007% 
65 244 21.96 Agriculture Grassland/Shrub 70.115% 0.058% 

Total area changed 
(ha) = 

1,255.23  3.324% 

Total study area (ha) 
= 37,761.93   
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Table 10 represents elaborated results for the inclusive area of the park and a one 

mile wide buffer zone. This table reveals that 8.908% of land in the agricultural 

classification changed to urban and 70.115% of land in the agricultural classification 

changed to grassland/shrub. Of forested lands, 3.701% changed to grassland/shrub and 

.005% to barren. A small amount, 1.006%, of new forest replaced previous 

grassland/shrub. A very small amount, 0.033%, of grassland/shrub was converted to 

urban.   

 Only the buffer area (1 mile buffer surrounding the park) was considered for similar 

analysis and Table 11 below presents the land cover classes in area (ha) for the year 

1992. Table 11 shows that grassland or shrub covers the largest area followed by forest   

and urban respectively.   

 
Table 11: Base area by land cover class in SNP East buffer, 1992 

 
 

Cover class Area (ha) 
Open water 1.26 
Urban 462.33 
Barren 81.54 
Forest 2,309.94 
Grassland/Shrub 10,332.63 
Agriculture 31.32 
Wetlands 6.30 
Total area (ha) 13,225.32 

 

Table 12 is presenting the areas that are being unchanged from the year 1992 to 2001. As 

per Table 12, the whole urban area remains unchanged as urban. This means urban area 

from 1992 has not been lost or decreased. There is a possibility that it can be increased 

and Table 13 below provides detail on that. Most of the forest and grassland/ shrub stayed 
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unchanged too as forest and grassland/ shrub but only a little part of agricultural land 

stayed unchanged. 

 
Table 12: Unchanged area by land cover class in SNP East buffer, 1992 -2001 

 
Class 
value 

Cell count Area (ha) Cover class 

1 14 1.26 Open water 
2 5,137 462.33 Urban 
3 906 81.54 Barren 
4 23,966 2,156.94 Forest 
5 114,577 10,311.93 Grassland/Shrub 
6 73 6.57 Agriculture 
7 70 6.30 Wetlands 

Total area unchanged (ha) = 13,026.87  
Total study area (ha) = 13,225.32  

 
Table 13 presents change over the landscape in area (ha) and in percentage for different 

land cover classes in the buffer. The percentage is calculated on previous class and also 

on total area. In the buffer, agricultural lands decreased the most (76.15%) from its 

previous class. Forested lands decreased 6.19% and urban area increased 2.45%. 

Elaborated results in Table 14 show that 70.115% of agricultural lands reverted to 

grassland/shrub and 8.908% agricultural lands were converted to urban. Of forested lands 

in the buffer, 1.481% changed to grassland/shrub and also new forest was created from 

grassland/shrub (.097%), with .083% grassland/shrub also converted to urban. From these 

analysis results represent land cover change occurring in park, in the buffer and the park 

together, and in just the buffer. Table 15 represents results of that comparison. 
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Table 13: Change in area by land cover class at SNP East buffer, 1992-2001 
 

Area in different years (ha) 
*Percent change in 

area (%) 
Cover class 

1992 2001 

*Change in 
area (ha) On 

previous 
class 

On total 
area 

Open water 1.26 1.26 - 0.00% 0.00% 
Urban 462.33 473.67 11.34 2.45% 0.09% 
Barren 81.54 82.80 1.26 1.55% 0.01% 
Forest 2,309.94 2,166.93 (143.01) -6.19% -1.08% 

Grassland/Shrub 10,332.63 10,486.89 154.26 1.49% 1.17% 
Agriculture 31.32 7.47 (23.85) -76.15% -0.18% 
Wetlands 6.30 6.30 - 0.00% 0.00% 

Total area (ha) 13,225.32 13,225.32    
Note: () and '-' mean area reduced for that cover class 

 
 

Table 14: Class to class change in area at SNP East buffer, 1992 - 2001. 
 

Cover class changed 
Percent change in 

area (%) Class 
value 

Cell 
count 

Area 
changed 

(ha) From To 
On 

previous 
class 

On total 
area 

45 1,700 153.00 Forest Grassland /Shrub 1.481% 1.157% 
52 95 8.55 Grassland/Shrub Urban 0.083% 0.065% 
53 14 1.26 Grassland/Shrub Barren 0.012% 0.010% 
54 111 9.99 Grassland/Shrub Forest 0.097% 0.076% 
56 10 0.90 Grassland/Shrub Agriculture 0.009% 0.007% 
62 31 2.79 Agriculture Urban 8.908% 0.021% 
65 244 21.96 Agriculture Grassland/Shrub 70.115% 0.166% 
Total area 

changed (ha) = 
198.45   1.501% 

Total study 
area (ha) = 13,225.32    

 

 
 
 
 
 
 



Table 15: Comparison of change in area between SNP East and its buffer, 1992-2001 
 
 

 Base area in 1992 (ha) Change in area (ha) 
*Percent change on previous class 

(%) *Percent change on total area (%) 

Cover class 

Park and 
buffer area 
combined 

Buffer 
area 
only 

Park 
only 

Park and 
buffer area 
combined 

Buffer 
area only 

Park 
only 

Park and 
buffer area 
combined 

Buffer 
area only 

Park 
only 

Park and 
buffer 
area 

combine
d 

Buffer 
area only 

Park 
only 

Open water 4.59 1.26 3.33 0.00 0.00 0.00 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Urban 531.36 462.33 69.03 11.34 11.34 0.00 2.13% 2.45% 0.00% 0.03% 0.09% 0.00% 

Barren 91.80 81.54 10.26 1.80 1.26 0.54 1.96% 1.55% 5.26% 0.00% 0.01% 0.00% 

Forest 11,193.48 
2,309.

94 
8,883.

54 (698.67) (143.01) (555.66) -6.24% -6.19% -6.25% -1.85% -1.08% -2.26% 

Grassland/Shrub 25,902.45 
10,332

.63 
15,569

.82 709.38 154.26 555.12 2.74% 1.49% 3.57% 1.88% 1.17% 2.26% 

Agriculture 31.32 31.32 0.00 (23.85) (23.85) 0.00 -76.15% -76.15% - -0.06% -0.18% 0.00% 

Wetlands 6.93 6.30 0.63 0.00 0.00 0.00 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 

Total area 37,761.93 
13,225

.32 
24,536

.61          
**Total area 
changed (ha) 1,255.23 198.45 

1,056.
78       3.32% 1.50% 4.31% 

*() and '-' mean area reduced for that cover class 
**Total area change includes all the interchanges between different cover classes 
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No change occurred inside the park for urban area, open water, wetland, and 

agricultural land. Barren area and grassland/shrub increased inside the park. Forested 

lands decreased. The decrease in agricultural area and increase in urban area occurred 

completely in the buffer. Other than that, there are interchanges occurring within the land 

cover classes in the study area. 

 

5.1.2. Change in Residential Development 

For more specific information on change due to urban encroachment, building rooftops 

are digitized on DOQQ images for the year 1992, 2002 and 2007. Number of building 

rooftops increased in that time period is presented in Figure 19 – 21 and in Table 4 - 15. 

In 1992 (Figure 19), total n=959 building rooftops are digitized; in 2002 (Figure 20), total 

1438 building rooftops are digitized and in 2007 (Figure 21) total 1645 building rooftops 

are digitized. All the digitized building rooftops are represented with green points in the 

Figures. 
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Figure 19: Digitized building rooftops, 1992 DOQQ image. 
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Figure 20: Digitized building rooftops, 2002 DOQQ image. 
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Figure 21: Digitized building rooftops, 2007 DOQQ image. 
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Table 16: Cumulative change in building rooftops from reference year, 1992. 

Years Time difference 
No. of Building 
Rooftops as 
Digitized 

No. of Buildings 
Increased 

Percent Increase 

1992 Reference Year 959 Reference Year Reference Year 

2002 10 years 1438 479 49.94% 

2007 15 years 1645 686 71.53% 

 

Table 17: Incremental change in building rooftops in different years. 

Years Time difference 
No. of Building 
Rooftops as 
Digitized 

No. of Buildings 
Increased 

Percent Increase 

1992 - 959 - - 

2002 10 years 1438 479 49.94% 

2007 5 years 1645 207 14.39% 

 

Percentage of buildings cumulative increase in ten years period (from reference year 

1992) is 49.94% and in fifteen years period (from reference year 1992) is 71.53%. The 

increment of this change in the first ten years is 49.94%, the next five years (in reference 

to year 2002) is 14.39%.  
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5.1.2.1. Accuracy Assessment for Digitizing 

The accuracy assessment result for digitizing building rooftops is provided in Table 18 

below: 

Table 18: Accuracy assessment for digitizing 200 random points. 

Reference Points (from Bing Map Birds Eye view) 
 

 
Buildings 

roof top 
Concrete structure like parking 

lot, bench, ramada etc.) 
Bush, bare, 

soil etc. 
total 

Buildings 
roof top 

182 7 11 200 ( digitized points 
from DOQQ 
image) total 182 7 11 200 

 

5.1.2.1.1. Calculation of accuracy assessment for digitizing 

Total digitized random points: 200 

Accurately digitized as building rooftop: 182 

Percent accuracy: 91% 

Accurately digitized as concrete structure: 182 + 7 = 189 

Percent accuracy: 94.5% 

Points wrongly digitized as building which were really bush, golf course 
or bare soil: 11 

Commission error: (11/200) * 100 = 5.5% 

5.2.  Neighbors’ Perception 

5.2.1. The Effect of Urbanization on Wildlife 

In the survey, a variety of questions were asked about resident’s perceptions regarding 

the impact on wildlife from increased urbanization. As an impact of urbanization, 

according to Shaw et al. (1996) and other scientists, loss of wildlife diversity is likely to 
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occur at the surrounding area of national parks and monuments. Neighbors of 

Saguaro National Park East were asked to rank this occurrence for their respective 

neighborhoods.  

Figure 22 below reveals that total 46.48% neighbors ranked housing development as very 

high impact (rank5) to high impact (rank4), a relatively lower percentage (19.72%) of 

neighbors ranked it as  medium impact (rank3) and total 33.80% ranked it as low impact ( 

rank2) to very low impact ( rank1).  
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Figure 22: Responses to the impact of housing development on wildlife diversity. 
 

An important analysis regarding neighbors’ perception on wildlife diversity surrounding 

the park was done here to find out whether there was any relationship between neighbors’ 

perception of ranking wildlife diversity as an impact and the distance the surrounding 

neighborhood from the park. Figure 23 illustrates that generally neighborhoods closer 
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(within 1 mile) and over 2 miles from the park boundaries are not considered to have 

impact on or a threat to wildlife diversity as much as those that live between 1 and 2 

miles from the boundary. However, these neighbors’ (live between 1 to 2 miles of park 

boundary) neighborhood wise average threat ranking is close to moderate threat (average 

rank 3.2). The further away the neighbors reside from the park boundary, the less threat 

they perceived to wildlife.  
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Figure 23: Impact of housing development on wildlife considering neighborhood 
distance. 

 

Residents were asked about the frequency at which they saw non-native bird species such 

as the European Starling (ES) and House Sparrow (HS) in the neighborhood of the 

Saguaro National Park East.  Figure 24 below shows that 55.56% of neighbors observe 
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these birds all the time in their neighborhood whereas 19.05% observe them almost 

never.  

0%

10%

20%

30%

40%

50%

60%
A

ll 
th

e
tim

e

O
n

ce
 a

w
e

ek

O
n

ce
 a

m
o

n
th

O
n

ce
 a

ye
ar

A
lm

o
st

n
ev

er

Frequency of watching European Sterling and House Sparrow

P
er

ce
nt

 r
es

po
ns

e

 

Figure 24: Responses to the frequency of European Starling and House Sparrow observed 
considering total responses. 

 

Since 55.56% neighbors responded that they observe these birds all the time in their 

neighborhood, further analysis was done to find out if there is a difference among 

neighborhoods located varying distances away from the park boundary in terms of 

neighbors’ response. Figure 25 reveals that neighborhoods that reside within 2 miles of 

SNP are the highest percentage (56.57%) that observes these birds.  

Neighborhoods located within 1 mile distance fall closely behind those neighborhoods 

beyond a distance of 2 miles scored the lowest (10.52%).  
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Figure 25: Responses to the frequency of European Starling and House Sparrow observed 

in distance classes. 

 

Questions were provided in the survey to determine if there was an increased awareness 

since moving into the neighborhoods observing wildlife and in particular bird life. When 

asked about whether they observed either European Starling or House Sparrow, 54% 

respondents were not sure while 38% respondents said no and only a small percentage 

(8%) said they observed more of these birds now than when they first moved in (See 

figure 26).   
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Figure 26: Responses to observation of European Starling and House Sparrow more than 

first move-in. 

Mule Deer is another sensitive species that has been shown to be affected by urban 

development (Bellantoni and Krausman 1991 and USGS 2006 report). Neighbors were 

asked how frequently they are seeing Mule Deer around their neighborhood. Results 

shown in Figure 27 indicate that Mule Deer are not seen very often. 66% of those 

sampled have never seen a Mule deer in their neighborhoods.  Even though 66% of the 

neighbors have never seen a Mule Deer around their neighborhood, 32% still responded 

to the question citing water as the reason they are seen and 26% suggest food (Figure 28). 

These are very small samples but they do suggest that water and food are definitely 

attractors.  
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Figure 27: Responses to the frequency of Mule Deer observed. 
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Figure 28: Responses to the reasons of Mule Deer coming to the neighborhood 
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Desert Tortoise has been shown to be vulnerable to increased urbanization in the 

area (Goldsmith and Shaw 1988 and USGS 2006 report).  In response to the question 

regarding observing desert tortoise, only 13.92% of the respondent neighbors’ expressed 

that they had seen desert tortoise anywhere near their home or nearby street and only  

2.53% of the  neighbors had observed fatally injured desert tortoise near their home or 

street (Figure 29). It is a very small sample but still of those responds that had seen fatally 

injured desert tortoises, they recognized struck by a car as one of the main reason (Figure 

30). 
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Figure 29: Responses to the observations of desert tortoise near home or nearby street. 
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Figure 30: Responses to the reasons for the mortality of desert tortoise. 

 

Domestic pets and their interaction with native wildlife is one of the common problems in 

the adjacent lands of protected areas (Harris et al. 1997). When asked if neighbors had 

seen or experienced their own domestic pets or others in the neighborhoods interacting 

with native wildlife, 46% of the neighbors responded positively (Figure 31). Neighbors 

also provided information on pet wildlife problems that they were aware of in their 

neighborhood. Table 17 below provides the summary of the neighbors’ response on pet 

wildlife interaction. 

It is important to know what the common pets that are residing in the neighborhood to 

understand the conflict between pet and wildlife. From the survey it turned out that most 

common pets are dog, cat, bird, horse, rat, fish, guinea pig, and rabbit.  
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Figure 31: Responses to noticing interaction between household pets and wild animals. 

 

Table 19: Pet and Wildlife Problem Perceived by SNP East Neighbors. 

Pet Wildlife  Types of interaction 

Dog Javalinas, Coyote 

Javalinas and coyotes chase 

pet dog; dogs bark at 

javalinas and coyotes 

Cat Lizard, bird, rabbit, rodents 
Cat kills lizards, birds, 

rabbits, rodents 

Dog Rabbits,  purls rat 
dogs chases rabbits and 

purls rat 

Dog Rattle snakes 
Dogs encounter with 

rattlesnake 
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Pet Wildlife  Types of interaction 

Small cats and 

dogs 
Owls and hawks 

Owls and hawks eat small 

cats and dogs 

Dog 
Snake, lizard, doves and quall 

nest 

Dogs encounter snake, 

lizard, doves and quall nest 

Dog Squirrel Dog chases squirrels 

Cat Bird Cat chases birds 

Dog Bird Dog chases bird 

Cat and lizard Skunk, raccoon, bobcat  
Cats, lizards encounter 

skunk, raccoon and bobcat 

 

A general question was asked of the neighbors through the survey their perception of 

increased threat to wildlife crossing roads, since they moved into the area. 60.76 % of the 

respondents recognized that wildlife is increasingly threatened crossing roads   in their 

neighborhood. Taking distance from the park boundary into account, analysis shows that 

of these same neighbors, 59% reside within 1 to 2 miles of the park, 28% within 1 mile of 

the park and 13% over 2 miles of the park (Figure 32). 
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Figure 32: Responses to the increased threat on wildlife crossing road considering 
neighborhood distance. 

5.2.2.    Strategies for Reducing the Effects of Urban Growth on Protected Area 

Neighbors’ were asked their responses regarding different planning and management 

strategies that could be employed to reducing the effects of urban growth on the national 

park. Respondents were provided with five strategies and asked to express their degree of 

support. Stronger communication between county authority, park service authority, 

developer and neighbors regarding any change due to urban development is considered as 
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priority management strategy. Figure 33 reveals that 88% of the neighbors support 

or strongly support this strategy. 
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Figure 33: Responses to the support on stronger communication. 

 

Developing maps and developing additional information about the effects of urban 

encroachment on the national park and making it available to neighbors and other 

concerned citizens is supported or strongly supported by 66% of the respondents as 

another important management strategy (See figure 34).  
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Figure 34: Responses to the support on making map and other information available. 

 

Restrictions on development and use in nearby areas (including control of pets, reduced 

roads and traffic, etc) to avoid harmful effects of urbanization on national park were 

supported or strongly supported by 66% of the neighbors. Some 20% only partially 

support the strategy and 10% do not support any of the restrictions (see figure 35).  
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Figure 35: Responses to the support for restriction on development 

 

Offering community services through community service projects like trailhead 

maintenance or invasive plant eradication voluntarily by the neighbors could be helpful to 

educate them and increase their awareness about management of natural resources of the 

area (Chorover, 2005). Financial incentives can be offered to the developers such as if 

developers reduce total number of dwellings planned in the area they gets certain 

percentage of financial  incentives from the municipality. Therefore, offering community 

services and financial incentives for the neighbors and developers was considered as an 

effective management strategy and neighbors support on this strategy was investigated.  

Of the total respondents, 63% neighbors support or strongly support this strategy. 
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However, some 30% of the respondents do not support or only partially support 

offering financial incentives (See figure 36). 
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Figure 36: Responses to the support for offering community services and financial 
incentives. 

 

Finally neighbors’ were asked to respond to increasing environmental education 

programs to motivate neighbors and developers to reduce negative impacts on the 

national park.  Of the total respondents, 71% of the neighbors support or strongly support 

this strategy while 22% do not or partially support this strategy (See figure 37). 
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Figure 37: Responses to the support for environmental education program. 

 

Two of the five strategies providing stronger communication among a range of governing 

authorities and increased public awareness through environmental education programs 

were highly supported (45% support).  Restriction on development was a little behind 

(44% support). Respondents had mixed reactions; leading to much less support for 

financial incentives and community services (38% support), and making maps and other 

information available (29% support). Figure 38 indicates this analysis. 
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Figure 38: Responses to the support for environmental education program. 

 

 

5.2.2.1.   Responses to the support on different management strategies. 

Neighbors were also asked if they can provide ideas of their own besides the five 

management strategies and their opinions are as follows: 

1) putting barrier in a distance of park 

2) going back and implement 1 house/1-5 acre than recent 1-5 houses/ acre which 

means developing low density residential area 

3) conducting educational programs on importance of biodiversity 
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4) improving bike walking shared path and  encouraging bike  

5) making laws for builders 

6) making laws for using sun power and rain water harvest 

7) introducing extended environmental education for people living in the 

surrounding area 

5.2.3    Neighbors’ Perception on Overall Urbanization Impact  

To understand more about why neighbors choose to live near or what they perceive as the 

benefits of living near Saguaro National Park, 95% of the neighbors’ indicated that 

natural beauty was a major reason why they live near the park. Living close to nature 

(87%) and to live in a quiet place (86%) are also strong motivations for living by SNP. 

The opportunity for recreation (51%) their desire to live out of city (47%) were supported 

from the neighbors. This result suggests that there are revealed and underlying indicators 

that relate to nature and the neighbors strongly benefit from living on the edge of a 

protected area such as SNP (see figure 39). 
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Figure 39: Responses on benefit of living near SNP East. 

 

In addition, neighbors identified other factors such as the ability to have horse property, 

bicycling, not much congestion in the area, hiking trails, green community, wild animals, 

ecology oriented community etc. as the benefits for living near the park. This suggests 

that recreation opportunities, ability to be close to nature and as quiet place are key 

indicators of the importance of living close to a protected area. Recreation Opportunity is 

one of the main reasons why neighbors’ choose to live near Saguaro National Park. This 

is revealed in a follow up question to the neighbors regarding how many times they visit 

the park per year.  Of the respondents, 17% visited the park 11 - 25 times a year, 10% 
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visited the park 26 – 50 times a year and another 10% visited the park over 50 times 

a year (See Figure 40). 

0%

2%

4%

6%

8%

10%

12%

14%

16%

18%

1
1

 to
 2

5

2
6

 to
 5

0

O
ve

r 
5

0

Frequency of visit SNP East per year

P
er

ce
nt

 r
es

po
ns

e

 
 

Figure 40: Responses on frequency of visiting SNP East per year. 

 

Neighbors were also asked to rank the threats their recreation opportunities and 

experiences that they enjoy in SNP. On a scale of 1 to 5 (1 being very little or not much 

threat and 5 being high degree of threat) the respondents rank the threats and the average 

of their ranking indicates that “too many houses, roads and other development near the 

park boundary” (3.23), “increased traffic and congestion in surrounding areas” (3.33) and 

“diminishing size of natural areas surrounding the park” (3.23) are considered only to be 

moderate threats. “Loss of vegetation” (2.98) and “reduced opportunity to see wildlife” 

(2.81) are considered even less of a threat (see figure 41).  
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Figure 41: Rank of threats to Enjoy SNP East. 

 

Too many houses, roads and other development near park boundary are ranked by the 

neighbors’ as a threat. The average ranks by the neighbors for different neighborhood 

distance is analyzed. The result shows that neighbors within 1 mile and 2 miles distance 

of the park boundary ranked it as a higher but moderate threat with a ranking of 2.94 and 

3 respectively. It is higher than average ranks by neighbors residing over 2 miles 

distance. The further the neighborhood from the park the lower the neighbors’ perceive it 

as a threat rank (See Figure 42). 

 

 



 
 

 
 

 

114  
 

 

2.65

2.70

2.75

2.80

2.85

2.90

2.95

3.00

3.05

W
ith

in
 1

m
ile

W
ith

in
 2

m
ile

s

O
ve

r 
2

m
ile

s

Neighborhood distance from SNP East border

A
ve

ra
ge

 th
re

at
 r

an
k

 

Figure 42: Rank of housing and road development threat to SNP East. 

 

Diminishing size of the natural areas, in other words decreasing natural open space 

surrounding the park is ranked by the neighbors as a threat. The average ranks by the 

neighbors for different neighborhood distance is analyzed. The result shows that 

neighbors within 1 mile distance of the park boundary ranked it as the highest threat with 

an average threat ranking of 3.26. The further the neighborhood from the park the lower 

the threat ranking is. Figure 43 below is showing the result. 
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Figure 43: Rank of diminishing natural area as threat to SNP East. 

 

Increased traffic and congestion surrounding the park is ranked by the neighbors as a 

threat. The average ranks by the neighbors for different neighborhood distance is 

analyzed. The result shows that neighbors within 1 mile and 2 miles distance of the park 

boundary ranked it as a medium threat  (average rank of 3.04 and 3.09) whereas the 

neighbors resides over 2 miles distance ranked it below medium threat ( average rank  

2.75). Therefore, in this case too, the further the neighborhood from the park the lower 

the neighbors’ perceive it as a threat. Figure 44 below is showing the result. 
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Figure 44: Rank of traffic increase and congestion as threat to SNP East. 

 

Different impacts of housing development adjacent to protected areas were also ranked 

by the neighbors. Their average ranking shows increased traffic congestion is moderately 

perceived threat category with an average ranking of 3.43 but it is perceived by the 

neighbors as higher threat than other threats. Loss of wildlife diversity and increased 

noise and light are a little bit behind with average ranking of 3.08 and 2.97 respectively. 

Detail result with average threat rank is presented in Figure 45. 
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Figure 45: Rank on the impacts of housing development adjacent to protected areas. 

 

Neighbors were also asked about any other impact they could think of that effects is not 

given in the question and the neighbors’ did not express anything only except  faster  

traffic and littering on road as an impact and ranked them 5 ( very high degree threat). 

Neighbors were also asked if they observed an increase in road development in their area 

since they first moved in. Their responses revealed that almost 29% of the neighbors 

noticing small increase in road development, around 23% are noticing no change and 

only 19% observe a very large increase.  Since this question is asked in relation to when 
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they first moved in, it would be interesting to analyze whether there is a difference 

between neighbors response based on when they move in.  
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Figure 46: Responses to the increase in road development noticed. 

 

Figure 47 indicates that a majority of the neighbors’ that moved in prior to 1990 

observed there to be a large increase in road development surrounding their 

neighborhood. After 1990 a much smaller the percentage reported a large increase in road 

development. 
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Figure 47: Responses to the very large increase in road development since move-in. 

 

From the respondents, 47.37% were male and 52.63% were female, 7.59% has high 

school diploma or similar level education, 31.65% have college level or similar level 

technical education, a majority 60.76% obtained graduate or professional level education. 

5.2.4    Comparing Change in Residential Development and Neighbors’ Perception 

In one mile distance from the park, out of total 6 respondent neighborhoods 5 are facing 

very rapid increase in residential development. These 5 neighborhoods are facing over 
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40% increase (rank 5) in residential development in a 15 year period (represented in 

Table 20). 

 
Table 20: Increase in building units per neighborhood  

Neighborhoods 
No. of residential 
buildings ( 1992) 

No. of 
residential 
buildings ( 
2007)  

increase in 
residential 
building units 

% increase 
in 15 years Rank 

Arbor Vista 34 53 19 55.88 5 
Forty-Niners 111 163 52 46.85 5 
Mount Vernon 7 14 7 100.00 5 
Old Spanish 98 125 27 27.55 3 
Saguaro Shadows 17 31 14 82.35 5 
Thunderhead 
Ranch 27 58 31 114.81 5 

 

When this analysis result was compared with neighbors’ average rank per neighborhood 

for different impact due to urban encroachment, if was found that in most cases 

neighbors’ were not perceiving this increase/ change at the same degree. However, they 

seem to moderately perceive the change due to urban encroachment. This comparison is 

presented in Table 21. 

 
Table 21: Comparison between residential building increase ranks and neighbors' 
perception rank 
 

 
Neighborhoods 

Residential 
building increase 
ranks 

Impact of housing 
development on 
wildlife diversity 
average ranks 

Diminishing 
natural area as 
threat to enjoy 
SNP ( East) 
average ranks  

Increased traffic 
congestion as 
threat to enjoy SNP 
( East) average 
ranks 

Arbor Vista 5 4.00 - - 
Forty-Niners 5 4.67 3.25 3.00 
Mount Vernon 5 4.00 5.00 5.00 
Old Spanish 3 3.40 2.60 2.80 
Saguaro Shadows 5 1.00 2.00 2.00 
Thunderhead 
Ranch 5 1.00 2.00 2.00 

* '-' mean no ranking from the neighbors for that neighborhood  
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Figure 48 – 51 below are representing ranking of neighborhoods for increase in 

residential development, average ranking of neighborhoods by neighbors’ for impact of 

house and road development on wildlife diversity, impact of diminishing natural area as a 

threat to enjoy the park and impact of increased traffic congestion as a threat to enjoy the 

park.  

 

In Figure 48, the neighborhoods at north and north –west (Arbor Vista, Forty-niners 

Country Club Estates) and west side (Mount Vernon ranch estates) of the park are facing 

very large increase in residential development (represented by dark red color). The 

neighborhood at the mid west (Old Spanish Trail Estates) is facing medium increase 

(represented by light red color). 
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If Figure 49 (see below) was compared with Figure 48, it was found that in some 

neighborhoods (Arbor Vista and Forty-niners country club estates at the northwest corner 

and Old Spanish Trail estates at the mid-west), neighbors’ average perception is almost at 

the same degree as the increase in residential development. However, for west and south 

side neighborhoods (Saguaro Shadows and Thunderhead Ranch) the increase in 

Figure 48: Ranking of neighborhoods for increase in residential development 
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residential development is very large but the neighbors perceived the impact of 

house and road development as very small. 

 

 

 

 

Similarly, when Figure 50 is compared to Figure 48, it is found that only one 

neighborhood at the northwest side (Mount Vernon ranch estates, denoted by very dark 

red color), neighbors perception is at the same degree with the increase in residential 

development. In all other neighborhoods, neighbors’ perception rank is lower than the 

increase in residential development. 

Figure 49: Ranking of neighborhoods for impact of house and road development on 
wildlife diversity 
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Figure 51 ( see below), neighbors perception ranking for impact of increased traffic 

congestion as a threat to enjoy Saguaro National Park East  is very similar to their 

perception on diminishing natural area. However, if it is compared with Figure 48, all 

neighborhoods except for Mount Vernon ranch estates at the northwest side, neighbors’ 

perception rank is lower than the increase in residential development. 

Figure 50: Ranking of neighborhoods for impact of diminishing natural area as a threat 
to enjoy Saguaro National Park. 
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Therefore, it can be concluded from this analysis that in some cases neighbors perceive 

the impact due to urban encroachment in their neighborhood at almost the same degree as 

the increase in residential building development but in many cases they perceive it at a 

lower degree.  

 

Figure 51: Ranking of neighborhoods for impact of increased traffic congestion as a 
threat to enjoy Saguaro National Park. 
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6. SUMMARY  

6.1.  Land Use / Land Cover Change Assessment 

6.1.1.    Land Cover Change Assessment 

Change analysis was performed using NLCD 1992 and 2001 images for six land cover 

classes which are low intensity development, barren area, shrub land, forest, grasses and 

woody wetlands. Two analysis methods were used: direct subtraction method and 3x3 

rectangular neighborhood focalmean function method. Using the park and its one mile 

adjacent land together as the analysis area when direct subtraction method was used, it is 

concluded that  20% – 100% change occurred in large areas of forested land ( 2,785.95 

ha), shrubland ( 2542.95 ha), low intensity development areas ( 176.13 ha), and barren 

areas ( 84.51 ha).  The change that has occurred in grasses (20.70 ha), and woody wetland 

(7.74 ha), was relatively smaller.  

Using a 3 x 3 rectangular neighborhood focalmean function method on the study area the 

analysis shows detailed result for 10% – 20% change and 20% – 100% change. In this 

analysis the area where changes have occurred were almost three times greater than the 

change results of direct subtraction method for each land cover class but the trend of 

change was the same.  
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NLCD 1992 - 2001 retrofit change product was used for further refined and more 

accurate change analysis. Considering the park and its one mile adjacent land as the 

analysis area, this analysis reveals that urban area increased 2.13%, agricultural lands 

decreased 76.15% and forests also decreased 6.24% on previous land cover class. Of this 

huge amount of decreased agricultural land, 8.91% of land in the agricultural 

classification changed to urban and 70.12% of land in the agricultural classification 

changed to grassland/shrub. Of forested lands, 3.701% changed to grassland/shrub and 

.005% to barren. A small amount, 1.006%, of new forest replaced previous 

grassland/shrub. A very small amount, 0.033%, of grassland/shrub was converted to 

urban.  

Considering only the one mile adjacent land of the park as analysis area for similar 

analysis, it can be concluded that, urban areas increased by 2.45%, agricultural lands 

decreased by 76.15% as well as forested lands by 6.19% from its previous class.  

This analysis also revealed that no change occurred inside the park for urban area, 

wetland, and agricultural land. Barren area and grassland/shrub however did increase 

inside the park while forested lands decreased. The decrease in agricultural area and 

increase in urban area occurred solely within the buffer study area. This result is 

supported by an earlier study by Maiorano et al. (2008) in 2.5 km buffer of protected 

areas in Italy. Their study revealed that protected areas changed significantly less than 

surrounding buffers for 10 years period in Italy.  

Residential development encroachment on US protected areas was studied from year 

1970 to 2000 i.e. 30 years period by Wade et al. (2009).   They found almost 6% of total 
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area changed from buffer to development within adjacent land of protected areas. 

They also projected that by 2030 (another 30 years) an additional 5% buffer area will be 

changed as developed.  If their study result is compared with the current analysis result, it 

is found that 2.45% increase in urban area in approximately 10 years period ( 1992 – 

2001)  would be 7.35% in 30 years (if same rate continues) surpasses the rate  of  6%  

and also the projected rate of  5%. Depending on this comparison it can also be 

concluded that the urban growth rate is rapid in the current study area.  

6.1.2.    Changes in Residential Development  

Change analysis in building units (mostly housing units) for the one mile adjacent land of 

the park reveals that for ten year period (1992 – 2002) the number of building units 

increased 49.94% in reference to year 1992. For fifteen year period (1992 – 2007) 

building units increased 71.53% in reference to year 1992. This is a dramatic change. 

However, if incremental change is observed, it is found that for the first ten years, from 

1992 to 2002, building units increased 49.94% in reference to year 1992 and for the next 

five years, from year 2002 to 2007, it increased 14.32% in reference to year 2002.  

Average housing growth per decade is 20.8% in United States since 1940 (Radeloff, V. et 

al. 2010). The results of this study when compared with that rate, it can be concluded that 

in only 1 mile buffer of a protected area, the percentage of building unit development is 

extremely high.  This is a dramatic and rapid increase in urban development on the edge 

of a protected area.  
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For the first ten years a 5% increase in buildings for each year on an average has 

occurred. If that same rate would have followed over the next 5 years an estimated 25% 

increase in buildings would occur. While this did not occur, the average increase in 

buildings per year decreased to approximately 3% each year. There could be several 

possible reasons behind this drop in increase. Pima County’s Sonoran Desert 

Conservation Plan came into action in around 1999. Arizona Preserve Initiative also 

introduced in around 1996. These two conservation initiative may have some influence 

on this reduction. However, one might suspect that the economy may have caused this 

decrease but the timeframe of this analysis ends at 2007. The economic downturn started 

almost at 2007. Therefore, there might be little impact because of the economy. 

6.2.  Neighbors’ Perceptions of Change  

From neighbors’ response to the survey questionnaire, it can be concluded that most 

neighbors ranked “too many houses and roads”, “increased traffic congestion”, 

“diminished natural area or decreased natural open space” and “loss of vegetation” as the 

moderate threat to the opportunities and experiences they enjoy in Saguaro National Park 

both as a neighbor and as a visitor to the park. These threats are well represented and 

supported within the literature. More interestingly, the further away the neighborhood is 

from the national park boundary; the less they perceived these as being threats.  The 

people who choose to live within close proximity of the park do so because they love the 

natural beauty and serene environment. Among the respondents of this survey 95% 

indicated that natural beauty was a major reason why they live near the park. Living close 
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to nature (87%) and to live in a quiet place (86%) are also strong motivations for 

their living by SNP.  Results suggest that the further away residents are from the park 

boundary with more urban encroachment the more adapted they are to such changes 

while those that live within close proximity of the border are more sensitive to such 

changes that threaten the natural environment.  

 Increased traffic congestion is ranked as a moderate threat by a high percentage of the 

neighbors followed closely by loss of wildlife diversity and increased light and noise. In 

response to a question regarding change in road development, 29% of the neighbors 

perceived a small increase in road development, while 19% neighbors indicated that they 

see a very large increase.  The neighbors that moved in before 90s have witnessed a very 

large increase in road development and changes to the areas they live in. These analyses 

indicate that neighbors moderately perceive changes due to urban encroachment in the 

areas they reside. 

Neighbors strongly agreed that increased urbanization has led to more impacts on local 

wildlife due to increased housing development.  Over 87% of the respondents ranked a 

high degree of impact on wildlife diversity. Non-native birds are more likely to be seen in 

the area where there is an increase in landscape change and housing developments. .In 

this study 56% of the total respondents observes non-native birds like European Starling 

and House Sparrow in their neighborhoods. The neighborhoods within 2 mile radius of 

SNP are among the highest that observe these birds frequently.  Neighborhoods further 

than 2 mile radius of SNP indicated much lower numbers of observations then those 

closer to the park boundaries. Scientific literatures (Manchester et al. 2000; Lever 2005; 
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Mannan et al. 1989) have shown that non-native birds have impact on native species. 

The survey result of the current study strongly supports this literature suggesting that 

non-native species replace native species as with increased urbanization in residential 

areas.  

While mule deer has been shown to be affected by urban encroachment (Bellantoni and 

Krausman 1991 and USGS 2006 report), this study found that 66 % of the respondents 

almost never observe them roaming around the neighborhood. A USGS (2006) report 

concluded that the number of mule deer has declined throughout the western United 

States and indicated that habitat loss and habitat changes are important reasons for 

declining numbers of these animals. In addition, an earlier study by Tull and Krausman 

(2001) at Avra Valley, Arizona examined mule deer movement at field level and found 

that because of increased pressure from urban development 22.4% mule deer avoided 

adjacent land and used corridors to travel to another undeveloped land for their 

movement. Therefore, it could be concluded that either the mule deer population is 

decreasing in the study area and/or they are trying to avoid adjacent land because of 

increased development, seeking a natural corridor to get into the protected area or another 

undeveloped area.  

This study also found that only a small percentage (15%) of neighbors has ever observed 

a desert tortoise in or around their neighborhood. A recent study on Desert Tortoise at the 

SNP concludes with some anecdotal information about the disappearance or relocation of 

tortoise from high housing density areas and many cases the relocated tortoises may not 
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survive further (Schwalbe et al. 2010). This could account for the lack of desert 

tortoise observations by respondents in their local neighborhoods. 

The biggest threat to domestic pets is suspected to be from predators such as coyotes that 

have been seen roaming the neighborhoods looking for prey. Over 46% of the neighbors 

have observed encounters between household pets and wild animals suggesting that some 

wild animals have adapted to urban development and household pets that are not kept 

inside the homes. 

 

6.2.1.    Comparing Change in Residential Development and Neighbors’ Perception 

In the cases like impact of house and road development on wildlife diversity, neighbors 

perceive the impact due to urban encroachment in their neighborhood at almost the same 

degree as the increase in residential building development but in many other cases like 

impact of increased traffic congestion and impact of diminishing natural area, they 

perceive it at a lower degree.  

6.2.2.     Support for Management Strategies 

Two of the five strategies providing stronger communication among a range of governing 

authorities and increased public awareness through environmental education programs 

were highly supported (45% support).  Restriction on development was a little behind 

(44% support). Respondents had mixed reactions; leading to much less support for 

financial incentives and community services (38% support) and making maps and other 
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information available (29% support). It is noticeable that there is difference in 

neighbors’ response regarding reason for living near the park and their support toward 

putting restriction on development in the area. While 95% respondents indicated that 

natural and serine environment was a major reason for living near the park, they were 

supposed to be highly supportive toward any activity that contributes for preserving that 

natural serine environment and the natural resources inside it. However, in reality the 

neighbors’ supported restriction on development but it was not much support in 

comparison to their support for choosing the area to live. 

6.3.  Conclusions 

In conclusion it can be summarized that; 

�  Changes have occurred over the landscape within one mile of adjacent lands to 

the boundary of SNP East. Urban areas have increased at a rate of 2.45%, while 

agricultural lands decreased by 76.15% followed by a decrease in forested lands  

by 6.19% from its previous class in one mile adjacent land to the park from 1992 - 

2001. Around 9% agricultural land converted to urban during this time period as 

well. In comparison to other research results, this 2.45% increase in urban area 

can be considered rapid. 

�  Building units (mostly residential buildings) increased dramatically by 71.53% in 

this one mile buffer since 1992 to 2007.  

�  Neighbors that live in adjacent lands perceive that there has been a moderate 

degree of change due to urban development, roads and infrastructure. However, 



 
 

 
 

 

134  
 

the actual land use / land cover change is very rapid. Therefore, speculation 

can be made that the neighbors do not perceive the change at the same degree. 

Extended effort is required to increase neighbors’ awareness.  

 

�  Neighbors strongly perceive that increased residential development has led to 

adverse impacts on local wildlife citing the removal of domestic pets by wild 

animals, lack of sightings of mule deer and desert tortoise and the increased 

presence of non-native bird species at the expense of native birds’ species as 

example of these impacts. Neighbors’ perceptions of the adverse impacts that 

result from urban encroachment, varies with their spatial distance from the park 

boundary. The neighbors that reside further perceive less impact than the 

neighbors that reside closer to the park boundary. 

�  For impact of house and road development on wildlife diversity, neighbors 

perceive the impact at almost the same degree as the increase in residential 

building development but in many other cases like impact of increased traffic 

congestion and impact of diminishing natural area, they perceive it at a lower 

degree.  

�  Neighbors strongly support stronger communication between authorities, 

developers and neighbors and environmental education programs to minimize the 

threats to SNP from increased residential growth.  
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Future research needs to: 
 

1) Conduct field level study on impacts due to urban encroachment on 

specific wildlife related issues and other environmental issues. This should 

occur at the same time as neighbors perceptions are gathered so that a 

comparison can be made between the two. Therefore, this can be 

recommended that simultaneous study on specific field level change and 

peoples’ perception on that particular change can be conducted in future 

which can reveal more useful result to portray peoples’ perception while  

recommending management strategy to  minimize the particular urban 

impact. 

2) A more detailed session with focus groups and park management should 

be undertaken to develop more inclusive and detailed management options 

and strategies. 

3) A monitoring program should be established that includes GIS analysis of 

land cover/ land use change and continuing survey of the neighbors’ of 

protected areas undertaken simultaneously for a regular interval for many 

years (for example 50 years, in a break period of 10 years or so) to 

evaluate trends and quantify change. 
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APPENDIX A 

MODEL LAYOUT 
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APPENDIX B 

 
SURVEY QUESTIONNAIRE FOR NEIGHBORS OF SAGUARO NATIO NAL 
PARK EAST  

Dear Saguaro National Park Neighbors, 
 

Visitation to Saguaro National Park has increased more than 50 percent since 1988. 
The park’s General Management Plan documented some 2,118,500 visits in 1990 to 
over 3,424,000 in 1999. Park use is expected to continue to increase at about the same 
rate in the near future as Tucson attracts more visitors and residents. Last year, 
Saguaro National Park (SNP) was named by Tucsonans as the best place to take out-
of-town guests to see the desert, and this trend is likely to continue.  

 
While the park continues to see an explosion of visitor use within its boundaries, 
access from adjacent developments has become one of the most important resource 
issues the park faces today. In response to the growing pressures from adjacent 
developments, the park has turned to land acquisitions to expand the park boundaries 
in an effort to create a buffer to protect existing sensitive resources.  The 1991 
expansion area, while instrumental in protecting more of the valuable Sonoran Desert, 
has also provided the public with much improved access to the park. Residents of the 
new neighborhoods being built adjacent to the park seek appropriate access.  

 
As development in the Rincon Valley increases over the next 20 years, there will be 
continued impact on natural resources within and outside park boundaries. In order to 
better understand the impacts of adjacent urban growth on protected areas and what 
can be done to minimize the impacts, I am soliciting your opinion as a neighbor of 
SNP. Please take the time to answer this short survey. This will take only 10 to 
15minutes of your valuable time. You have completely no cost and no risk for 
participating in this survey. This is 100% voluntary. These responses will be kept 
completely confidential. We greatly appreciate your response. 

 
Thank you very much for your kind co-operation. 
Sincerely 
 
 
Dilruba Yeasmin 
PhD student 
School of Natural Resources 
The University of Arizona 
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There are five parts of this survey 
1) General knowledge and information about the Saguaro National Park and 

Surrounding Areas 
2) Perception on wildlife and their habitat 
3) Perceptions on possible conflicts  
4) Perceptions on the possible ways for solving the conflicts 
5) Some basic personal information 

 
Part 1: General knowledge and information 

 
1)  What year did you move into this area? ______________________ 

 
2) Indicate what you think are the benefits of your living near Saguaro 
National Park East? (Check all that apply) 
 
_______ The natural beauty of the area 
_______ Opportunity to live close to nature, desert plants and native wildlife  
_______ Be in a quiet place 
_______ Close vicinity to work place 
_______ The recreation opportunities the park offers 
_______ Close to the Rincon Creek 
_______ Best home/price available at the time of purchase 
_______ Increasing property value 
_______ Good school district 
_______ Live out of the city 
_______ Other (please specify) ________________________________ 

 
3) How many times on average have you visited Saguaro National Park East 
per year since you moved to your present house? [Here “visit” means 
walking inside the official boundary or an “official visit” b y going in at the 
entry way/visitor center] 
 
_______ None 
_______ 1 to 10 
_______ 11 to 25 
_______ 26 to 50 
_______ Over 50 

 
4) On a scale of 1 to 5 (one being not much threat and 5 being high degree of 
threat) rank each of the following threats that is interrupting the 
opportunities and experiences you enjoy in Saguaro National Park as a 
neighbor and also as a visitor?  
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_______ Too many houses, roads and other developments near the park 
boundary 

_______ Increased traffic and congestion in surrounding areas 
_______ Diminishing size of the natural areas surrounding the park 
_______ Loss of vegetation 
_______ Barriers to enter into the Park 
_______ Reduced opportunity to see wildlife 
_______ Too many visitors 
_______ Too much noise 
_______ Others _______________________________________ 

 
5) Housing development adjacent to protected areas may have impacts.  Rate 

each one of the following impacts that you perceive as occurring in your 
neighborhood (1 = no or very little impact, 5 = very high impact)?  

 
_______ Loss of wildlife diversity 
_______ Loss of vegetation 
_______ Increased traffic and congestion 
_______ Decreased access 
_______ Increased noise and light  
_______ Decreased opportunities for scenic views of Park 
_______ Other _________________________________________________ 

 
Part 2:  Perceptions of Wildlife and Their Habitats 

 
1) How frequently do you see European starlings and/or House sparrows in 
your neighborhood? (On the attached map of the neighborhoods, please 
write (B) in the area where you usually see them).   

  
_______ Almost all the time 
_______ Once in a week 
_______ Once a month 
_______ Once a year 
_______ Almost never 

 
 

 
 

2) Are you seeing more European starlings and House sparrows now, then at 
the time when you first moved into this area? 
_______ Yes 
________No 
________ Not sure 

 

House sparrow 
European starling 
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3) How frequently do you see Mule Deer in your neighborhood? 
(On the attached map of the neighborhoods, please write (M) in the area where 

you usually see them) 
 

______ Almost all the time 
_______ Once in a week 
_______ Once a month 
_______ Once a year 
_______ Almost never 

 
4) Why do you think mule deer are coming around your neighborhood? 

 
_________Just being curious 
_________ For food 
_________For water 
_________Do not know 

 
5) Have you seen desert tortoise anywhere near your home or nearby street? 
(On the attached map of the neighborhoods, if you can please write (D) in the 
area where you usually see them) 

 
__________Yes     
__________No 
__________Can not remember 

 
 
 
 

6) Have you seen dead desert tortoise anywhere near your home or nearby 
street? 
(On the attached map of the neighborhoods, if you can please write (DD) in 
the area where you usually see them) 

 
 

__________Yes     
__________No 
__________Can not remember 

 
 
 

7) If your answer is “yes” for the question above [the question about dead 
tortoise] do you know the reason of their death? 
__________ From some disease  
__________Hit by a car 

Mule Deer 

Desert Tortoise 

Desert Tortoise 
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__________Being captured by someone 
__________Unknown 

 
Part 3:  Perceptions on Possible Conflicts 

 
 1) Have you noticed any increase in road development in your neighborhood 
since you first moved to this area? 
_________Noticeable decrease 
_________No change 
_________Small increase (1 - 5%) 
_________Moderate increase (6 - 10%) 
_________Large increase (10 - 20%)  
__________Very large increase (> 20%) 

 
2)  Which of the following have been occurring in your neighborhood since 
you moved in? (Check as many factor as you think is right) 
_______ Increased amount of traffic 
_______ Increased congestion 
_______ Increased threat to children playing in the area 
_______ Increased threat to wildlife crossing the road 
_______ Increased amount of noise 
 _______Increase amount of night light 
_______ Reduced number and diversity of wildlife 
_______ None of above 
_______ Others (please specify) _____________________________ 

 
3) How frequently do you see dead wild animals (rabbits, deer, birds, 
tortoises, snake, etc) on the roads of your neighborhood? 

 
_______ Almost all the time 
_______ Once in a week 
_______ Once a month 
_______ Once a year 
_______ Almost never 

 
4) What pets do you have at your house (household pets that are seldom 
allowed to roam around outside freely)? (List all that apply) 
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5) Have you ever noticed interactions between household pets (both yours and 
other people’s) and wild animals (that roam around outside freely) around your 

neighborhood? 
________ Yes 
________ No 
 6)   If you answered yes above, what are some specific pet-wildlife problems 
you are aware of in your neighboring area?  Please list and briefly describe 
each. 

 
____________________________________________________________ 

 
 
Part 4: Perceptions on reducing possible conflicts  

 
1) The following are examples of strategies Park and County managers might 
use to minimize the impacts of near-by urban growth on Saguaro National 
Park East. Please indicate below the degree to which you would support each 
of these strategies. 

 
 Please circle one choice for each strategy 
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1. 

Stronger communication  
between  county authority, 
park service authority, 
developer and neighbors 
regarding any change due to 
urban development 
 

 
DK 
 

 
1 

 
2 

 
3 

 
4 

 
2. 
 

s by making maps and other 
information about the urban 
encroachment on the Park 
available to neighbors and 
other concerned citizens 

 
DK 
 

 
1 

 
2 

 
3 

 
4 

 
3. 
 

Restrictions on development 
and use in nearby areas 
(including control of pets, 
reduced roads and traffic, etc) 
to avoid harmful effects of 
urbanization on Park resources 

 
DK 
 

 
1 

 
2 

 
3 

 
4 
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4. 
 

 
Offer community services and 
financial incentives for 
developers and residents to 
help avoid harmful effects of 
urbanization 
 

 
DK 
 

 
1 

 
2 

 
3 

 
4 

 
5. 
 

Environmental education 
programs to motivate 
neighbors and developers to 
reduce negative impacts on the 
Park 

 
DK 
 

 
1 

 
2 

 
3 

 
4 

 
 

2) Please describe any other strategy that is not listed above and that you 
would support. 

  
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
__________________________________________ 
 

 
Part 5: About you 

 
1). Are you male or female? 
_______ Male 
_______ Female 

 
2). What is your education level? 
_______ High school 
_______ College/technical school 
_______ Graduate/professional 
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3). From the attached map of the neighborhoods, please check (X) the 
neighborhood in which you currently reside.   
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STATISTICAL ANALYSIS RESULTS 
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Table 22: Group statistics of early respondents and late respondents for their response to question no.3 (Frequency of SNP 
East visit) 

 

Part1: Q3 id of 
participants N Mean Std. Deviation Std. Error Mean 
>= 70 11 2.73 1.272 .384 Frequency of SNP East visit 

< 70 68 2.59 1.175 .142 

 
Table 23: Independent samples t test results of early respondents and late respondents for their response to question no.3 

(Frequency of SNP East visit) 
 

Levene's Test for 
Equality of 
Variances t-test for Equality of Means 

95% 
Confidence 

Interval of the 
Difference 

Part1: Q3  

F Sig. t df 

Sig. 
(2-

tailed) 
Mean 

Difference 
Std. Error 
Difference Lower Upper 

Equal 
variances 
assumed 

.001 .971 .360 77 .720 .139 .386 -.630 .908 Frequency 
of SNP 
East visit 

Equal 
variances 
not 
assumed 

    

.340 12.913 .739 .139 .409 -.745 1.024 

Note: Significant (2 tailed) value > .05 means the early and late respondent groups have no significant difference between them 
for their response to the question. 
 

149 
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Table 24: Group statistics of early respondents and late respondents for their response to question no.4 (Ranking threat to 
enjoy SNP East) 

 

Part1: Q4 id of 
participants N Mean 

Std. 
Deviation 

Std. Error 
Mean 

>= 70 11 2.73 2.054 .619 Threat to enjoy SNP East (too 
many houses, roads and other 
developments) 

< 70 64 2.83 1.751 .219 

>= 70 11 2.36 2.014 .607 Threat to enjoy SNP East 
(increased traffic) < 70 64 2.88 1.741 .218 

>= 70 11 2.91 1.868 .563 Threat to enjoy SNP East 
(diminish natural area) < 70 63 2.87 1.827 .230 

>= 70 11 2.45 1.968 .593 Threat to enjoy SNP East 
(lossof vegetation) < 70 63 2.62 1.698 .214 

>= 70 11 1.64 1.502 .453 Threat to enjoy SNP East 
(barrier to enter the park) < 70 63 1.57 1.187 .150 

>= 70 11 2.82 1.722 .519 Threat to enjoy SNP East 
(reduce opportunity to see 
wildlife) 

< 70 63 2.48 1.693 .213 

>= 70 11 1.73 1.555 .469 Threat to enjoy SNP East (too 
many visitors) < 70 64 1.70 1.136 .142 

>= 70 11 1.55 1.214 .366 Threat to enjoy SNP East (too 
much noise) < 70 64 1.88 1.397 .175 
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151  
 

Table 25: Independent samples t test results of early respondents and late respondents for their response to question no.3 
(Ranking threat to enjoy SNP East) 

 
Levene's Test for 

Equality of 
Variances t-test for Equality of Means 

95% Confidence Interval of 
the Difference 

Part1: Q4  

F Sig. t df 
Sig. (2-
tailed) 

Mean 
Difference 

Std. Error 
Difference Lower Upper 

Equal 
variances 
assumed 

.629 .430 -.172 73 .864 -.101 .586 -1.269 1.067 Threat 
to enjoy 
SNP 
East 
(too 
many 
houses, 
roads 
and 
other 
develop
ments) 

Equal 
variances 
not assumed 

    

-.154 12.623 .880 -.101 .657 -1.524 1.322 

Equal 
variances 
assumed 

.645 .425 -.880 73 .382 -.511 .581 -1.670 .647 Threat 
to enjoy 
SNP 
East 
(increas
ed 
traffic) 

Equal 
variances 
not assumed 

    

-.793 12.702 .442 -.511 .645 -1.908 .885 

Equal 
variances 
assumed 

.075 .784 .060 72 .952 .036 .599 -1.158 1.230 Threat 
to enjoy 
SNP 
East 
(diminis
h 
natural 

Equal 
variances 
not assumed 

    

.059 13.557 .954 .036 .609 -1.273 1.345 
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Levene's Test for 
Equality of 
Variances t-test for Equality of Means 

95% Confidence Interval of 
the Difference 

Part1: Q4  

F Sig. t df 
Sig. (2-
tailed) 

Mean 
Difference 

Std. Error 
Difference Lower Upper 

area) 

Equal 
variances 
assumed 

1.318 .255 -.290 72 .773 -.165 .568 -1.297 .968 Threat 
to enjoy 
SNP 
East 
(lossof 
vegetati
on) 

Equal 
variances 
not assumed 

    

-.261 12.736 .798 -.165 .631 -1.530 1.201 

Equal 
variances 
assumed 

.852 .359 .161 72 .873 .065 .404 -.740 .870 Threat 
to enjoy 
SNP 
East 
(barrier 
to enter 
the 
park) 

Equal 
variances 
not assumed     

.136 12.280 .894 .065 .477 -.971 1.101 

Equal 
variances 
assumed 

.266 .608 .617 72 .539 .342 .555 -.763 1.447 Threat 
to enjoy 
SNP 
East 
(reduce 
opportu
nity to 
see 
wildlife

Equal 
variances 
not assumed     

.609 13.600 .552 .342 .561 -.865 1.549 
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Levene's Test for 
Equality of 
Variances t-test for Equality of Means 

95% Confidence Interval of 
the Difference 

Part1: Q4  

F Sig. t df 
Sig. (2-
tailed) 

Mean 
Difference 

Std. Error 
Difference Lower Upper 

) 

Equal 
variances 
assumed 

2.040 .157 .062 73 .951 .024 .392 -.758 .806 Threat 
to enjoy 
SNP 
East 
(too 
many 
visitors) 

Equal 
variances 
not assumed 

    

.049 11.904 .962 .024 .490 -1.044 1.093 

Equal 
variances 
assumed 

.079 .780 -.735 73 .465 -.330 .448 -1.223 .564 Threat 
to enjoy 
SNP 
East 
(too 
much 
noise) 

Equal 
variances 
not assumed 

    

-.813 14.953 .429 -.330 .405 -1.194 .535 

Note: Significant (2 tailed) value > .05 means the early and late respondent groups have no significant difference 
between them for their response to the question. 
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154  
 

Table 26: Group statistics of early respondents and late respondents for their response to question no.5 (Housing 
development impact) 

 

Part1: Q5 id of 
participants N Mean 

Std. 
Deviation 

Std. Error 
Mean 

>= 70 11 3.73 1.348 .407 Housing development 
impact (wildlife diversity) < 70 65 2.94 1.509 .187 

>= 70 11 2.73 1.348 .407 Housing development 
impact (loss of vegetation) < 70 65 2.72 1.526 .189 

>= 70 11 3.64 1.629 .491 Housing development 
impact (increased traffic 
congestion) 

< 70 65 3.38 1.548 .192 

>= 70 11 1.91 1.814 .547 Housing development 
impact ( decrease access) < 70 65 1.78 1.281 .159 

>= 70 11 3.18 1.471 .444 Housing development 
impact  (increase noise and 
light) 

< 70 65 2.92 1.524 .189 

>= 70 11 2.64 1.912 .576 Housing development 
impact  (decrease 
opportunities for scenic 
views of park) 

< 70 65 2.03 1.479 .183 
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Table 27: Independent samples t test results of early respondents and late respondents for their response to question no.3 
(Ranking threat to enjoy SNP East) 

 
Levene's Test for 

Equality of 
Variances t-test for Equality of Means 

95% 
Confidence 

Interval of the 
Difference 

Part1: Q5  

F Sig. t df 

Sig. 
(2-

tailed) 
Mean 

Difference 
Std. Error 
Difference Lower Upper 

Equal 
variances 
assumed 

.590 .445 1.626 74 .108 .789 .485 -.178 1.756 Housing 
development 
impact 
(wildlife 
diversity) 

Equal 
variances 
not 
assumed 

    

1.762 14.586 .099 .789 .448 -.168 1.745 

Equal 
variances 
assumed 

.285 .595 .009 74 .993 .004 .490 -.972 .981 Housing 
development 
impact (loss 
of 
vegetation) 

Equal 
variances 
not 
assumed 

    

.009 14.696 .993 .004 .448 -.953 .962 

Equal 
variances 
assumed 

.030 .862 .495 74 .622 .252 .508 -.761 1.265 Housing 
development 
impact 
(increased 
traffic 
congestion) 

Equal 
variances 
not 
assumed 

    

.477 13.241 .641 .252 .527 -.886 1.389 
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Levene's Test for 
Equality of 
Variances t-test for Equality of Means 

95% 
Confidence 

Interval of the 
Difference 

Part1: Q5  

F Sig. t df 

Sig. 
(2-

tailed) 
Mean 

Difference 
Std. Error 
Difference Lower Upper 

Equal 
variances 
assumed 

3.353 .071 .280 74 .780 .124 .445 -.762 1.011 Housing 
development 
impact ( 
decrease 
access) 

Equal 
variances 
not 
assumed 

    

.219 11.745 .831 .124 .570 -1.120 1.368 

Equal 
variances 
assumed 

.004 .947 .523 74 .602 .259 .495 -.727 1.244 Housing 
development 
impact  
(increase 
noise and 
light) 

Equal 
variances 
not 
assumed 

    

.537 13.891 .600 .259 .482 -.776 1.294 

Equal 
variances 
assumed 

3.014 .087 1.203 74 .233 .606 .503 -.398 1.609 Housing 
development 
impact  
(decrease 
opportunities 
for scenic 
views of 
park) 

Equal 
variances 
not 
assumed 

    

1.001 12.108 .336 .606 .605 -.711 1.922 

Note: Significant (2 tailed) value > .05 means the early and late respondent groups have no significant difference 
between them for their response to the question. 
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Table 28: Group statistics of early respondents and late respondents for their response to questions on neighbors’ 

perception on wildlife and their habitat 
 

Part2 id of 
participants N Mean Std. Deviation Std. Error Mean 
>= 70 9 1.89 1.269 .423 Q1: Frequency observing 

ESHS < 70 62 2.08 1.561 .198 

>= 70 11 4.73 .467 .141 Q2: Frequency observing 
mule deer < 70 69 4.52 .740 .089 

>= 70 6 3.50 .837 .342 Q3: Reason of mule deer 
coming around < 70 51 2.90 .922 .129 

>= 70 11 1.55 .522 .157 Q4: Frequency observing 
desert tortoise < 70 69 1.74 .474 .057 

>= 70 11 2.00 .000 .000 Q5: Frequency observing 
dead desert tortoise < 70 69 1.99 .210 .025 
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Table 29: Independent samples t test results of early respondents and late respondents for their response to questions about 
neighbors’ perception on wildlife and their habitat 

 
Levene's Test for 

Equality of 
Variances t-test for Equality of Means 

95% Confidence Interval 
of the Difference 

Part2 

F Sig. t df 

Sig. 
(2-

tailed) 
Mean 

Difference 
Std. Error 
Difference Lower Upper 

Equal 
variances 
assumed 

2.370 .128 -.351 69 .726 -.192 .546 -1.280 .897 Q1: 
Frequency 
observing 
ESHS Equal 

variances 
not 
assumed 

    

-.410 11.822 .689 -.192 .467 -1.211 .828 

Equal 
variances 
assumed 

2.805 .098 .891 78 .376 .206 .231 -.254 .665 Q2: 
Frequency 
observing 
mule deer Equal 

variances 
not 
assumed 

    

1.233 19.147 .232 .206 .167 -.143 .554 

Equal 
variances 
assumed 

.158 .692 1.515 55 .136 .598 .395 -.193 1.389 Q3: 
Reason of 
mule deer 
coming 
around 

Equal 
variances 
not 
assumed 

    

1.638 6.518 .149 .598 .365 -.279 1.475 
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Levene's Test for 
Equality of 
Variances t-test for Equality of Means 

95% Confidence Interval 
of the Difference 

Part2 

F Sig. t df 

Sig. 
(2-

tailed) 
Mean 

Difference 
Std. Error 
Difference Lower Upper 

Equal 
variances 
assumed 

1.499 .225 -1.241 78 .218 -.194 .156 -.504 .117 Q4: 
Frequency 
observing 
desert 
tortoise 

Equal 
variances 
not 
assumed 

    

-1.156 12.772 .269 -.194 .167 -.556 .169 

Equal 
variances 
assumed 

.875 .352 .228 78 .820 .014 .064 -.112 .141 Q5: 
Frequency 
observing 
dead 
desert 
tortoise 

Equal 
variances 
not 
assumed 

    

.575 68.000 .567 .014 .025 -.036 .065 

Note: Significant (2 tailed) value > .05 means the early and late respondent groups have no significant difference 
between them for their response to the question. 
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Table 30: Group statistics of early respondents and late respondents for neighbors’ response on possible conflict with 
wildlife 

 

Part3 id of 
participants N Mean Std. Deviation Std. Error Mean 
>= 70 11 3.55 1.368 .413 Q1: Noticing increase in road 

development < 70 69 3.71 1.476 .178 

 
 

Table 31: Independent samples t test results of early respondents and late respondents for neighbors’ response on possible 
conflict with wildlife 

 

Levene's Test for 
Equality of 
Variances t-test for Equality of Means 

95% Confidence 
Interval of the 

Difference 

Part3 

F Sig. t df 

Sig. 
(2-

tailed) 
Mean 

Difference 
Std. Error 
Difference Lower Upper 

Equal 
variances 
assumed 

.331 .567 -.347 78 .730 -.165 .475 -1.110 .781 Q1: 
Noticing 
increase in 
road 
development 

Equal 
variances 
not 
assumed 

    

-.367 13.984 .719 -.165 .449 -1.128 .799 

 
Note: Significant (2 tailed) value > .05 means the early and late respondent groups have no significant difference between them 
for their response to the question. 
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Table 32: Group statistics of early respondents and late respondents for support on management strategies 
 

Part4 id of 
participants N Mean 

Std. 
Deviation Std. Error Mean 

>= 70 11 3.73 .467 .141 Q1: Neighbors' support 
on stronger 
communication among 
authorities 

< 70 69 3.13 1.042 .125 

 
 
 
 
Table 33: Independent samples t test results of early respondents and late respondents for neighbors’ response on management 

strategies 
 

Levene's Test for 
Equality of 
Variances t-test for Equality of Means 

95% Confidence 
Interval of the 

Difference 

Part4 

F Sig. t df 
Sig. (2-
tailed) 

Mean 
Difference 

Std. Error 
Difference Lower Upper 

Equal 
variances 
assumed 

2.210 .141 1.862 78 .066 .597 .320 -.041 1.235 Q1: Neighbors' 
support on 
stronger 
communication 
among 
authorities 

Equal 
variances 
not 
assumed 

    

3.165 29.435 .004 .597 .189 .211 .982 

Note: Significant (2 tailed) value > .05 means the early and late respondent groups have no significant difference between them 
for their response to the question. 
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Table 34: Group statistics of early respondents and late respondents for support on management strategies 

Part4  id of 
participants N Mean Std. Deviation Std. Error Mean 
>= 70 11 3.36 .674 .203 Neighbors' support on 

making map and other 
info available 

< 70 69 2.43 1.460 .176 

 
 
 
Table 35: Independent samples t test results of early respondents and late respondents for neighbors’ response on management 

strategies 
 

Levene's Test for 
Equality of 
Variances t-test for Equality of Means 

95% 
Confidence 

Interval of the 
Difference 

Part4 

F Sig. t df 

Sig. 
(2-

tailed) 
Mean 

Difference 
Std. Error 
Difference Lower Upper 

Equal 
variances 
assumed 

9.131 .003 2.067 78 .042 .929 .449 .034 1.824 Neighbors' 
support on 
making 
map and 
other info 
available 

Equal 
variances 
not 
assumed 

    

3.456 28.223 .002 .929 .269 .379 1.479 

 
Note: Significant (2 tailed) value > .05 means the early and late respondent groups have no significant difference 
between them for their response to the question. 
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Table 36: Group statistics of early respondents and late respondents for support on management strategies 
 
 

Part4  id of 
participants N Mean Std. Deviation Std. Error Mean 
>= 70 11 3.45 .820 .247 Neighbors' support on 

restriction on 
development 

< 70 69 2.84 1.196 .144 

 
 
 
Table 37: Independent samples t test results of early respondents and late respondents for neighbors’ response on management 

strategies 
 

Levene's Test for 
Equality of 
Variances t-test for Equality of Means 

95% 
Confidence 

Interval of the 
Difference 

Part4 

F Sig. t df 

Sig. 
(2-

tailed) 
Mean 

Difference 
Std. Error 
Difference Lower Upper 

Equal 
variances 
assumed 

2.618 .110 1.638 78 .105 .614 .375 -.132 1.360 Neighbors' 
support on 
restriction 
on 
development 

Equal 
variances 
not 
assumed 

    

2.146 17.629 .046 .614 .286 .012 1.216 

Note: Significant (2 tailed) value > .05 means the early and late respondent groups have no significant difference 
between them for their response to the question. 
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Table 38: Group statistics of early respondents and late respondents for support on management strategies 
 
 

Part4  id of 
participants N Mean 

Std. 
Deviation Std. Error Mean 

>= 70 11 3.36 .674 .203 Neighbors' support on 
community service < 70 69 2.65 1.304 .157 

 
 
Table 39: Independent samples t test results of early respondents and late respondents for neighbors’ response on management 

strategies 
 

Levene's Test for 
Equality of 
Variances t-test for Equality of Means 

95% Confidence 
Interval of the 

Difference 

Part4 

F Sig. t df 

Sig. 
(2-

tailed) 
Mean 

Difference 
Std. Error 
Difference Lower Upper 

Equal 
variances 
assumed 

8.529 .005 1.765 78 .081 .711 .403 -.091 1.514 Neighbors' 
support on 
community 
service Equal 

variances 
not 
assumed 

    

2.770 24.221 .011 .711 .257 .182 1.241 

Note: Significant (2 tailed) value > .05 means the early and late respondent groups have no significant difference between them 
for their response to the question. 
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Table 40: Group statistics of early respondents and late respondents for support on management strategies 
 

Part4  id of 
participants N Mean Std. Deviation Std. Error Mean 
>= 70 11 3.18 .982 .296 Neighbors' support on 

Environmental 
Education program 

< 70 69 2.94 1.211 .146 

 
 
 
Table 41: Independent samples t test results of early respondents and late respondents for neighbors’ response on management 

strategies 
 

Levene's Test for 
Equality of 
Variances t-test for Equality of Means 

95% Confidence Interval of 
the Difference 

Part4 

F Sig. t df 

Sig. 
(2-

tailed) 
Mean 

Difference 
Std. Error 
Difference Lower Upper 

Equal 
variances 
assumed 

1.104 .297 .624 78 .535 .240 .384 -.526 1.005 Neighbors' 
support on 
Environmental 
Education 
program 

Equal 
variances 
not 
assumed 

    

.727 15.311 .478 .240 .330 -.462 .942 

Note: Significant (2 tailed) value > .05 means the early and late respondent groups have no significant difference between them 
for their response to the question.
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