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ABSTRACT

Protecting and managing National Parks and Monusnefifiectively is very important for
their future sustainability. Urban encroachmentaseas adjacent to protected areas is
often considered a potential threat to the nattesburces inside the protected areas. To
minimize these threats, evaluating and assessmgffiects of urban encroachment on
protected areas and developing effective managestiategies is critical. To implement
any management strategy, interactions, supportpanckeptions of changing conditions
from neighboring communities is imperative. The Igofathis study was to develop a
framework to assess perception of land use chatwgy ahe borders surrounding
Saguaro National Park East. The objectives ofghidy were to determine 1) the change
in landscape that has occurred as a result of irharoachment in and adjacent areas to
Saguaro National Park (SNP) over a 15 year perjoth@ degree to which neighbors
surrounding SNP perceive that these changes hangred due to urban encroachment
3) the perception of neighbors surrounding SNP ihateased urbanization has led to
more impacts on local wildlife 4) the possible plang and management strategies that
neighbors agree would lead to reduce impacts airugmcroachment on protected areas
and how strongly do they support the implementatbrthese proposed planning and
management strategies. Results of this study iteficthat landuse / landcover changes
have occurred over the landscape at a rapid rateératarge areas within one mile of
lands adjacent to the boundary of SNP East. Urlvaa encreased 2.45%, agricultural
lands decreased 76.15% and forested lands decréak@¥ from its previous class in

one mile adjacent land to the park from 1992 - 20Bailding units (residential)
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increased dramatically by 71.53% in this one muédy in the period between 1992
and 2007. In addition, respondents that live jjJa@eht lands perceive these changes over
the landscape due to urban encroachment at a nedeegree strongly agree that
increased urbanization has led to more negativeadtspon local wildlife. Further,
respondents strongly support more communicatiowdsst authorities, developers and
neighbors and environmental education programs reglards to urban encroachment on

SNP.
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1. INTRODUCTION

1.1. Introduction

National parks and monuments are great assetsablalun terms of conservation,
recreation and heritage. In 1872 the Yellowston&ddal Park Act opened the door for
establishing large areas of land for public purpos&operly protecting and managing
National Parks and Monuments are very importantféiture sustainability. There are
buffer areas or areas surrounding these parks ammumments that are also hugely
important. Buffer areas are “peripheral to natiopatk or equivalent reserve where
restrictions are placed upon resource use or dpealopment measures are undertaken
to enhance the conservation values of the areaye{Sh991). They have also been
referred to as "areas adjacent to protected aosaghich land use is partially restricted
to give an added layer of protection to the pre@direa itself while providing valued
benefits to neighboring rural communities" (Maclonnas cited in Wells & Brandon,
1993). Buffer areas play a very important role motecting the natural resources of a
national park or monument and providing benefitsstorounding residential areas.
Christine M. Schonewald-Cox described boundarigsrofected areas as a “skin” whose

condition can indicate the health of the entirdesys(1988).

Urbanization on and urban encroachment into opacespuffers is often considered a
potential threat to areas like national parks, nmoewits, and other protected areas. The
impacts of such events can vary in nature and cancdnsidered as risks to the

sustainability of the protected area. Sixty-sixgeat of 203 parks in the U.S. have faced
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the problems of incompatible use of adjacent laadsording to a survey conducted
by U.S. national park superintendents (Nationalk®and Conservation Association
1979 as cited in Shaw et al. 1996). Rapid urb&oizan the United States is a fact that
no one can deny. Urbanization includes all kintislevelopment such as commercial,
industrial, residential etc. Each kind of developileas different dimensions of impact.
Using dispersed urbanization scenario, a study bipdhald et al. (2008) estimated that
112 protected areas, 4% of the total protectedsapédhe 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 NatioagdsPand Monuments are numerous
and diverse, including wildlife harassment and telfragmentation; noise, light, air, soll
and water pollution; water source diversion and letem; biota displacement,
accelerated invasive species infestations; sulesidpredator (dogs and cats) problems;
increased fire potential; a reduction in visitofjogment; and trespass, vandalism, and
poaching activity (Knight et al. 1998; Shaw et &4096). A United States General
Accounting Office report (1994) concluded that urkencroachment held the highest
threat of damage to park resources. This repodgrazes that activities outside park
borders have caused damage to resources and Wwaly licause more and that
urbanization is one of the major threats to thesteb areas. The report represented

potential threats in percentages with number addts reported in each category; mining
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7% (45 threats), nonnative animals 6% (35 threatspnative plants 5% (33
threats), air pollution 13% (81 threats), waterlygadn 21% (134 threats), human
activities 16% (103 threats), urban encroachmept 2451 threats), and others 8% (50
threats). Over fifteen years ago this report recghurban encroachment as the highest
threat category (24%). Urbanization has takeneplapidly in the last few decades
(Nechyba and Walsh, 2004). Therefore, the presmtiiss and impact of this threat is

essential to assess.

Minimizing the threats to the protected areas ipdrtant for their sustainability. The
sustainability of these parks and monuments isng l@rm and important issue that
requires careful consideration of the present ingpand problems. The U.S. EPA
definition of sustainability is the ability of arc@system to maintain a defined/desired
state of ecological integrity over time. Sustaitigbalso can be expressed as the use of
ecosystems and their resources in a manner thafiestcurrent needs while allowing
those ecosystems to persist over the long term.ti@iong-term persistence of these
national parks and monuments and of the benefdplpeexpect from them, the impact of

urban encroachment must be assessed and managgragsgies developed.

1.3. Objective

The goal of this study was to develop a framewarkassess perception of land use
change in the immediately adjacent area surround@aguaro National Park East.

Unplanned and unmanaged urbanization along theeboaf protected areas may cause
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numerous effects on natural resources, an obstactgiaranteeing the long term

maintenance of the park resources.
The detailed objectives of this study were to deiee

1) How much landscape change has occurred as a oésulban encroachment in

and areas adjacent to Saguaro National Park (Si#)a0l5 year period?

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

occurred due to urban encroachment?

3) Do neighbors surrounding SNP perceive that incikasbanization has led to

more impacts on local wildlife?

4) What are possible planning and management stratdb@ neighbors agree
would lead to reducing impacts of urban encroachneenprotected areas and
how strongly do they support the implementation tbése planning and

management strategies?
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2. LITERATURE REVIEW

2.1. Urban Encroachment and Protected Areas

Researchers have used different approaches to saddndividual issues of urban
encroachment. Shaw (1996) analyzed urban encroaxthrae Saguaro National

Monument in Arizona, USA in the early 90’s. He ahid research group performed
investigations in three broad areas: land use/tavetr studies, specific wildlife studies,
and human dimension studies. Their land use /lankrcstudies were helpful for

monitoring changes that may have been affectingntbeaument. They set criteria and
identified vulnerable wildlife species for furthexsearch and their finding provided very
useful information for park managers. In the aréghowman dimension studies they

conducted residential surveys and domestic dogcahohonitoring.

A study on changing species richness and compaositi Canadian national parks by
Rivard et al (2000) found that land use patterns within a @aekstrongly correlated with

land use in the region surrounding the park and pésks are not isolated from regional
development. Riley et al(2003) studied urbanization and the impact of taabi

fragmentation on bobcats and coyotes in southetiio@aa. This research was on two
specific species associated with natural areashat tegion and thus helped in
understanding the impacts of urbanization on atbase. Another study in southern
California by Rileyet al (2005) showed that urbanization may enhance iovasi exotic

species and negatively impact abundance of nath@héians.
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Keeley et al. (2003) found that 13% of the fire rraareas in the Santa Monica
Mountains, in and adjacent to Los Angeles, Calitorare in developed areas. These
developed areas consist of modern subdivisionsprigal communities originally built
as summer cabins, low density homes or estatesighetlensity beachfront homes. One
of the three suggested management strategies waduoe fire hazard at the urban wild
land interface. McDonald et al. (2009) found initletudy that if urban areas are within
about 10 km of protected areas, that degree ofipitgxcauses negative impacts. One
impact is the high risk of fire ignition at the arpbwild land interface. Another impact
can be light pollution which can directly effectds and insects and in some cases alter
their migration pattern and reduce the aesthefecebf the experience of wild land at

night for recreational users.

Searle (2000) has written about Canada’s dyingonatiparks in his book “Phantom
Parks: The Struggle to Save Canada’s National Palkgroper adjacent land use by
logging, agricultural and mining interests and rdaglding and other construction
activities inside the parks are the main reasonstlfics disaster. Lack of proper
management strategies is another important reagbis. type of disaster was not
expected. Monitoring, assessment and proper mareagestrategy 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 lamjigcant to national parks is the first

thing to be considered in minimizing the impact wfban encroachment. Using



21

Geographic Information System (GIS) to analyze miag land use and land cover is
quite common these days. Shaw et al. (1996) use&dl tGldevelop a database for
analyzing the Saguaro National Park and surroundnegs for his study. Nixon et al.
(2006) used a similar approach for predicting tpatial pattern of risk potential from
industrial use. McDonald et al. (2009) also use® @& analyze urban effects, distance
and protected areas in an urbanizing world. Usthisftechnology for land use and land

cover change is becoming more and more popular.

A study by Esbah et al. (2007) on “Monitoring UrbBevelopment near a Protected
Area” documented urban sprawl near the Kusadasi iardurkey. The development in

that area pressures the nearby national park sydikeir study detected the magnitude
of urban growth in the Kusadasi area using GIS r@miote sensing technology. Their
initial finding indicated the loss of olive plantat due to the development of summer
houses and tourist establishments in the surrograliea. They concluded that the edge
effect had increased on the national parks duentustainable urban development in

close proximity.

2.3. Impacts on Wildlife from Urban Encroachment

Impact on wildlife due to urban encroachment ig@all area that requires analysis and
research. Wildlife includes amphibians, reptilesddy and mammals. If amphibians,
reptiles, birds and mammals are considered separ#te literature represents a wide
range of different specific issues and studiesddress them. Road kill of amphibians

and reptiles because of urban development is a @muoncern. Kline and Swan (1998),
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Trombulak and Frissel (2000), Clark et @001) and Cain et al. (2003) found that
more roads from development near protected aredssadarriers to movement of

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

According to a USGS Southwest Biological Sciencent@e report of 2006, housing
development in the Rincon valley on the east sid&uzson and adjacent to Saguaro
National Park East may affect the bird communitptigh an increase in non-native and
human adapted species such as the rock pigeonpé&ancstarling, and house sparrow,
all common non-natives. Mannan and Bibles (198%ckaled that urbanization along
Saguaro National Park East’'s (then still a monujnbotders will result in increased
numbers of non-native bird species such as Eurogialings and house sparrows. They
may not replace native species where Saguaro cecamundant but they may compete
with native species where Saguaro cactus is scatee.great tailed grackle, mourning
dove, house finch and brown- headed cowbird areamuadapted species. Increase of
these species ultimately will lead to the declinenon- human adapted species in the
areas that are immediately adjacent to developm&edording to Manchester et al.
(2000), Lever (2005) and Sol et al. (2005), nonveaspecies may have negative impact
on native species due to competition, predatioseatie, genetic effects (hybridization),

and impact on ecosystem function through habitatation.

According to the USGS Southwest Biological Scie@anter report of 2006, there is
strong evidence that major changes have occurreétidnmammal community of the
district during the past seven decades. This changet fully understood because of lack

of sufficient data. The Desert Tortoise is onéhef species that is likely to be vulnerable
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to urbanization because of the potential threatess of habitat, capture by humans
and vulnerability to automobiles and pets. Golderamd Shaw (1988) revealed through
their study that tortoise populations within 1 Krh tbhe monument border would be
adversely affected by urbanization along the boundéhey measured the maximum
cross section of each tortoise’s home range anddfaalult home ranges averaged 467 m
and ranged from 250 m to 960 m. Jones et al. (20@8ussed exotic diseases in tortoise

particularly upper respiratory tract disease.

Bellantoni and Krausman (1991) studied on Mule Daed Collared Peccary and found
that mule deer frequently entered the neighborhimothe drought period for water

availability. USGS 2006 report also documented rtbmber of mule deer has declined
throughout the western United States. Habitat krsd habitat changes are important
reasons for declining numbers of these animalshénRincon Mountain district habitat

loss includes significant loss of open space oatsige district due to residential and
commercial development. It also has reduced lonwglydesert habitat to a relatively thin

strip along the west and south side of the Rincaumains.

In summary, areas surrounding protected areasudfering from the effects of urban
encroachment by introducing threats to the enviremimwildlife and even to visitor
enjoyment. To minimize these threats, more inforomats needed about these effects so
enhanced management strategies can be developathplethented. To implement any
management strategy, a partnership is required thghneighbors bordering protected

area. Before these types of partnerships can hélstted, more information needs to be



24

collected and assessed as to the degree to wharigek over the landscape are

occuring due to urban encroachment.

2.4. Management Strategies

According to Shaw et al. (1996), any research fimguen the lands adjacent to Saguaro
National park and their inhabitants has a grealevdlecause it can assist park managers

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

According to Shaw et al. (1996), any research fimguen the lands adjacent to Saguaro
National park and their inhabitants has a grealevélecause it can assist park managers
in assessing and mitigating the impacts of urbaesgure on a protected area.
Establishing stronger communication processes anatintpe involved parties such as
county authorities, park service authorities, depets, scientists and neighbors on any
possible change occurring or occurring in the faittirat would have urban impact on
buffer areas can be considered as a very impostaatiegy. For example, the work to
establish a Buffer Overlay Zone Ordinance (BOZO)awhaddressed many important
issues like landscape plant species, night lightewgd sunlight reflective standards,
minimum percentage of open space, riparian hapiatiection etc. A diverse group of
local developers, environmental activists, bioltgisealtors, and agency officials were
working together for it. Afterwards, BOZO was dedghiand criticized but one thing was

certain that without combined effort it would n@ve been possible (Propst, et al. 1998).
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Research by Schonewald-Cox, C. et al. (1992) readeapproximately 100 reports
(excludes internal National Park Service Newslsjteegarding conflict resolution with
surrounding lands. The summary of their review campewith different suggested
strategies and one of them is legislation and esfoent efforts. Mannan and Bible
(1989) suggested ways to reduce the impact of m@dinen bird and human adapted
species. They suggested in areas adjacent to fgdtareas to a) limit density of housing
near the boundary, b) reduce the number of hocgdsnit sources of open water, and d)
limit landscaping with non-native plants, espegi#iwns. Therefore, putting restrictions
on urban encroachment by the county or designatdtbaty in a timely manner can be

considered as an effective strategy to avoid hdrimfpacts due to urban encroachment.

Information is very important and required by par&nagers and any others involved in
addressing the issues that take place due to @menoachment on adjacent lands (Shaw
et al. 1996). Therefore, making maps, and devetpdatabases could be helpful tools to
increase awareness. Lack of proper information lead unintentional harm of park

resources by park neighbors (Harris, K. et al. 2997

Papageorgiou (2001) suggested educational appr®aabea tool for conservation
purposes from their research on park managementuaimd) visitors’ knowledge to

assess effectiveness. The environmental educapproach is helpful to create positive
attitude among people. National park services lewgronmental education programs to
emphasize increased understanding of the desesystem in addition to enhancing a

high level of environmental awareness among paditis (Knights. et al. 1998).
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Kruse and Card (2004) studied a conservation eaiuncaamp program to discover
changes in campers’ self-reported knowledge, diguand behavior. The conservation
education camp program was offered through a zascatbn department and the
participants were campers, mainly students frontol18 years old. Evaluation was done
immediately before and one month after the camperapce. Results showed that the
students had an overall increase in their conservaind environmental knowledge,
attitudes, and behavior. Hsu (2004) assessed fieetaff a 16 week environmental
education course on college students’ responsiiméamental behavior and how it
promotes associated environmental literacy vargablech as environmental sensitivity,
environmental attitudes etc. He did a posttestr &temonths and found responsible

environmental behavior and other variables wersigtmg successfully.

In addition to all these, Congressman Raul Grijaaral Congresswoman Gabrielle
Giffords whose districts encompass the Tucson ameahich the SNP is located
sponsored legislation (H.R. 764) in early Februé&2@07 to expand the boundary of
Saguaro National Park by approximately 583 acreanWpeople from Arizona and
different conservation organizations such as thecéh Institute, Tucson Mountains
Association, Sonoran Institute, and the CoalitienSonoran Desert Protection supported
the legislation. This extended land includes 28&% the eastern section of the Park,
and 300 acres in the west. After two years, in daii2009 again Congressman Grijalva
introduced legislation to protect valuable natur@dources and to maintain wildlife
corridors near Saguaro National Park. This Sagiational Park boundary expansion

and study act of 2009 was established to expantddhadary of the park by at least an
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additional 975 acres. This would enable the parlpucchase lands from willing
sellers adjacent to the parks east and west urits.legislation would also sponsor a
study of the park’s adjacent lands to examine #taral, cultural, recreational and scenic
values and character of these lands. This studyagiuaro National Park will be very

helpful to support the scientific and social baighis expansion initiative.
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3. STUDY AREA

This prototype study will be conducted in Saguasdidhal Park (SNP) East (Figure 1).
However, there are many other parks and monumentstfich this framework could be
applied to assess urban encroachment on protectad an Southern Arizona (i.e. Casa
Grande Ruins National Monument (CAGR), Organ Piet@s National Monument
(OPRI), Chiricahua National Monument (CHIR), Forbvide National Historic Site
(FOBO), Tumacacori National Historic Site (TUMA),of0nado National Memorial
(CORO), Montezuma’'s Castle National Monument (MOCAJuzigoot National
Monument (TUZI), and the Tonto National MonumenOfT)). Although all of these
parks are not facing problems because of urbanla@vent, there is a possibility that
most of them will be facing several problems dueutban encroachment in the near
future. It will be huge, time consuming, and expemsvork to analyze all these parks
and monuments individually. Therefore, Saguaro dveti Park East is considered as the
model for this type of study. The research methagipland findings for this park would
be applicable for all other parks and monumentsarafacing urban encroachment.
Saguaro National Park was established as a monum&A83 and upgraded to a park in
1994. It contains 91,327 acres (143 square mitesputh and central Tucson, Arizona,

(http://lwww.shannontech.com/ParkVision/Saguaro/Samhanl). This total area is in

two units. The east side is in the Rincon Mounfaistrict and the west side is Tucson
Mountain District (NPS fire management plan re@@®7). The Rincon mountain district
SNP East section is 99 square miles containingaige Rincon Mountain range. The

west section, Tucson mountain district is 104 sguailes with the Tucson Mountains
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and desert. A diversified number of animals anchiglaare common in the Saguaro
National Park ranges from lowlands to high mountpeaks. Different varieties of
Saguaro cactus are the major feature of this pate natural resources of this park are
under increasing threat because of urban developneanm its boundary (Averill-Murray,
2002). Since Saguaro National Park East is faciogeasing adjacent development it can

be considered as a suitable area for studyingtesfaarban encroachment.
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4. METHODOLOGY

This study is divided into the following two tasttescribed below:

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

due to urban encroachment for a ten to fifteen sygaeriod depending on
availability of data.

b) Neighbors’ perception surveyimplementation of a survey tool to evaluate

neighbors’ perceptions regarding the effect of nrleacroachment on wildlife,
overall change in the buffer areas of the park wuerban encroachment, and

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

4.1. Land Use/Land Cover Change Assessment

The first aim of this study was to analyze, map] describe land use and land cover
change for an approximately 10 to 15 years periodhe areas that are adjacent to the
park. In this study National Land Cover Dataset@®) is used for overall land cover
change analysis. Classified 30m x 30m images ofsy#892 and 2001 and the National
Land Cover 1992-2001 retrofit change product weseduto do the overall change

analysis.

For determining land use change on specific compsniéke number of building units,
Digital Orthophoto Quarter Quads (DOQQs) for yeE982, 2002, and 2007 were used,
providing the ability to determine change for tietaé 15 years period. These images are

high resolution and good quality.
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The National Land Cover Dataset 1992 was develapsdg thematic mapper
imagery taken from 1990 to 1993. A two step preacgas used to classify the imagery.
First, unsupervised classification was used and teéned using a logical model based
on ancillary data (Vogelmann et al., 2001). Ondtteer hand, the National Land Cover
Dataset from 2001 was developed using an improvasisification algorithm which
provided more precise classification. By spatialljpsetting the study area from each of
these datasets of the state of Arizona, furthetyaisawas performed. Figures 2 and 3
below show the study area (Saguaro National Padkinone mile buffer area) for

NLCD 1992 and NLCD 2001.

The NLCD 1992 image of the study area shows that latensity residential
development existed to the west, north, and northwa&les of the park. Also, barren
rocks/ sand/ clay, shrubland, commercial/ induttiansportation, grasslands, forest

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

The NLCD 2001 image shows developed open spaae, imbensity development,
medium intensity development and barren land (s@nkd/clay), open water, shrubland,
grasses, forest (deciduous, evergreen and mixetyvandy wetlands that are visible in

the west, north, south, northwest and southwestdfidhe park.



Land Cover Classes - NLCD 1992

|:| Park boundary - Woody wetlands (91)
- Pasture/hay (81) - Bare rock/sand/clay (31)
- Deciduous forest (41) - Low intensity residential (21)
- Evergreen forest (42) - Grasslands/herbaceous (71) ;
|:’ Mixed forest (43) - Urban/recreational grasses (85) 0 1
- Shrubland (51) - Commercial/industrial/transportation (23) Miles

Figure 2: Study area in NLCD 1992 classified image.
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Land Cover Classes - NLCD 2001
Park boundary I \Voody wetlands (90)

| Cultivated crops (82) - Bare rock/sand/clay (31)
- Deciduous forest (41) - Open water (11)

- Evergreen forest (42) - Grasslands/herbaceous (71) 5
|:| Mixed forest (43) - Developed open space (21) 0 1 2
- Shrub/scrub (52) - Developped medium intensity (23) "
- Developed low intensity (22)

Figure 3: Study area in NLCD 2001 classified image

ve
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Using model builder in ArcGIS, a model was devetbpa this analysis. The area
of interest was the Saguaro National Park East,sdmc Arizona and its 1 mile
surrounding land. The images were made binary (gvlier pixels belong to particular
land cover class and 0 = all other pixels in thelgtarea that are not belong to that
particular land cover class) before the changeyaisawas performed. For those two
particular years, the binary images were subtratefind out the quantity of change.
Then a 3x3 rectangular neighborhood focal meantimmovas used to include the
influence of surrounding pixels on the binary imagéd then the two particular years’
binary images were subtracted to analyze changardiogly. Brabyn (2005) used focal
functions for characterizing natural landscape iewNZealand. Advantages of using

different focal functions were discussed in hisgrap

There were two reasons for using focal mean funanahis analysis. First, there was no
information found anywhere that ensures these tatas@ts co-register perfectly. It also
was not found whether they do not co-register. Wihexy are overlaid on each other for
the study area, they seem to match very well. Hewedy using focal mean function the
possible unknown error (if there was any becauseintdge co-registration) was
minimized. Second, because of difference in pradacscheme and classification, in
most cases direct pixel by pixel comparison betwbese datasets was not suggested by
the producer of these datasets. By averaging salfieight neighboring cells (using 3*3
rectangular neighborhood functions) for the paléicland cover classes, the focal mean

function helped to minimize error for pixel by pbamparison.
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The six classes: low intensity development, barstmyub land, forest, grasses, and
woody wetland were considered because these arelabges present in datasets, 1992
and 2001. These six classes are same as perd#fgiition provided in the metadata.

These classes with their definition for each yeatasets are provided in Table 1.



Tablel: Land cover class definition for 1992 an@P@ataset

Class name Definition in 1992 dataset ( with code) Definition in 2001 dataset ( with code)
Low 21, Low intensity residential (areas with mixtufe o 22, Developed low intensity (areas with mixturecohstructed materialg
intensity | constructed materials and vegetation. Constructed and vegetation. Impervious surface account for 28% cover)

development

materials in 30% - 80% cover, vegetation in 209086

cover).

23, Developed medium intensity (areas with mixireonstructed
materials and vegetation. Impervious surface addourb0% - 79%

cover).

Barren 31, Bare rock/ sand/ clay (Perennially baaeas of 31, Barren land: rock/ sand/ clay (Barren aredsedfock, desert
bedrock, desert, pavement, scarps, talus, sliddsanic pavement, scarps, talus, slides, volcanic matejiatial debris, sand
material, glacial debris, and other accumulatidnsaothen | dunes, strip mines, gravel pits, and other accutionisof earthen
material). material. Generally, vegetation accounts for laastL5 percent of total

cover).
Shrub land | 51, Shrubland (Areas dominated by shi$iwsib cover is| 52, Shrub/ Scrub (Areas dominated by shrubs, tllgigaeater than 20

generally greater than 25 percent).

percent of total vegetation).

LE



Forest

41, Deciduous forest (Areas dominated kstrenere 75
percent or more of the tree species shed foliage

simultaneously in response to seasonal change).

42, Evergreen forest (Areas characterized by tvdese
75 percent or more of the tree species maintain leves

all year. Canopy is never without green foliage).

43, Mixed forest (Areas dominated by trees wheithee

deciduous nor evergreen species represent more 7than

percent of the cover present).

Ot

41, Deciduous forest (Areas dominated by trgeserally greater than !
meters tall, and greater than 20 percent of tagktation coverMore
than 75 percent of the tree species shed foliagel&ineously in

response to seasonal change).

42, Evergreen forest (Areas dominated by treesrgéygreater than 5
meters tall, and greater than 20 percent of tagetation cover. More
than 75 percent of the tree species maintain thaiues all year. Canopy

is never without green foliage

43, Mixed forest (Areas dominated by trees genemattater than 5
meters tall, and greater than 20 percent of tagetation cover. Neither
deciduous nor evergreen species are greater thparéént of total tree

cover).

8¢



Grassland

71, Grassland/ herbaceous (Areas domibgtepland
grasses and forbs. In rare cases, herbaceousisdess
than 25 percent, but exceeds the combined coveof
woody species present. These areas are not stiject
intensive management, but they are often utilized f

grazing).

71, Grassland/ herbaceous (Areas dominated by gazwich or
herbaceous vegetation, generally greater than 8@ peof total
vegetation. These areas are not subject to intemsanagement 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 cawdrthe
soil or substrate is periodically saturated witlrtovered

with water.

91, Woody wetland (Areas where forest or shrublaegktation account
for greater than 20 percent of vegetative coverthadoil or substrate ig

periodically saturated with or covered with water.

2

6€
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There were slight differences in the classificattchemes for the datasets. An open
file report by the US Department of Interior and G8ological Survey, “ Completion of
the National Land Cover Database ( NLCD) 1992 —-120a8nd Cover Change Retrofit
Product” (2008), provided some indication that cirehange analysis using NLCD 1992
and 2001 dataset may not produce scientificallyepiable results. They indicated that
direct comparison of these two images is not recendad and it will result in changes
that are not true changes but a byproduct of tfierdnt production methods of these two
datasets. Because of differences in the two salatasets NLCD 1992 and NLCD 2001,
this analysis was not capable of providing exaeinge over the landscape. Over all, this

part of change analysis was helpful to analyze altdrend of change.

To accommodate direct comparison of these two mtsdthe NLCD design team
developed a retrofit change product. This changdymt was used further in this study to
represent refined and accurate change results. cldssification scheme is totally
different in this retrofit change product. Both ttlassified unchanged and the changed
pixels are represented in this product. For thengbd pixels, direction of change with

their previous and changed class is also repredente

For this study, from the number of pixels in theolt change product (cell counts) the
percent change was calculated. The study areeemteacted by mask and the change
analyzed only for the area of interest. Detaileslits are shown in tabular form and in
map form in the results and discussion section. Nh€D classified images and the
results of the retrofit change product providedegahzed information on changes over

the landscape in the area.



41

To analyze specific land use changes, like how nmaw buildings have been built
in that area over time, Digital Orthophoto Quarads (DOQQ) images for the years
1992, 2002, and 2007 were used. The three digiX@@Q images are presented in the
results and discussion section with the number widimg rooftops found each year.
Since the east side of the park is occupied byaige Rincon mountain range (part of
the Coronado National Forest) and development sdouthe north, northwest, southwest

and south sides of the park.

Building roofs were subsequently digitized as poimt 1 mile buffer area of Saguaro
National Park East boundary. Both the 1992 and/ 20tages are 1m x 1m images and
2002 image is 1 ft. x 1 ft. image. The 1992 im&gyea black and white image but the
2002 and 2007 are both color images. These imagesi@ homogenous and direct
comparison pixel by pixel would be wrong. Therefansual inspection of building roof

tops is used for digitizing. Building rooftops asisible distinctly in most cases regardless
of weather condition and season of capturing thagen The 1992 image is a 1m x 1m
resolution black and white image and it was not problem to find out visually which

are the building roof tops. The 2002 image is ax1ftft resolution color image in which

it was even easier to see the building rooftope Z007 image is a 1m* 1m resolution
color image and in this case too it was easy o fine building rooftops. However, there
was still a chance of digitizing wrongly since \asunspection by human eye may have
error too. Therefore, an error index is calculatisthg finer image. Fritz et al. (2009)

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

of the really fine image google earth providesieven possible for general internet users
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too to distinguish land cover features with highatality. They also suggested that
it has great potential for validating land coveages. Taking this as a reference, similar
type internet product BingMap image is used in gtigdy. Microsoft product BingMap
provides finer image which in many cases is .2 mgpeel. They have aerial view and
birds eye view which makes recognizing objects \e&ayy. The latest image used in this
study for digitizing is 2007, 1 m x 1 m DOQQ imag#is latest image is than compared
with Bing Map’s latest image from year 2009 for epresentative random number of
points to do the accuracy assessment. The totabeuaf building roofs digitized for this

particular year (2007) was n=1645.

Previous literature was reviewed to determine vather researchers would recommend
as to how many points would be required for aceuaaid representative sample. Wulder
et al. (2007) in their study on validation of agararea land cover product using purpose
acquired airborne video suggested that samplessieetion in many cases has to be done
using a tradeoff between statistical rigor anddtigal realities. In their study, for an area
of 31, 284 square kilometer they used a sample &izB00 airborne video scenes.
Compared to their sample size, this study usediziigg only on an area of around 50

square kilometer and sample size for validatiordus00 random points.

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

your own Survey “book was used to determine thgesusample size. According to that
table, with a 95% Confidence Interval and 80/20t §pince everything being digitized
was building roofs and they do not vary in appeegaso much) for a population size

1000, sample size is n=198 and for a population2®)0, sample size is n=224.
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Therefore, for n=1645 points, n=200 random pointsrenconsidered here as

sufficient sample size.

From the total 1645 points n=200 points was usedlamly using “rand between”
function in Microsoft Excel to compare with the Bimap image to find out if it was
digitized correctly. Co-ordinates (geographic cdioates in decimal degrees) were taken
for those points and inserted them in the Bingnmespch to see if it is locating a building
at the study area. The digitized maps for all ttyemrs 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 Ifgldnside the park and in the
surrounding area is a very important scientificestigation. Due to lack of funding it
was impossible to conduct field level research lom eéffects on wildlife in the buffer
areas adjacent to Saguaro National Park Easthiostudy the neighbors’ perception of
the effects of urbanization on wildlife in this arbas been collected through a mailed
survey. Neighbors’ perceptions on the overall cleanger the landscape and possible

management strategies are also investigated thithigyaurvey.

4.2.1. Perception of Wildlife

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

most frequently visit neighboring communities frqmotected areas. These are the
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wildlife that is more likely to be impacted eithpositively or negatively due to

urban encroachment. They are as follows:

1)

2)

3)

4)

European Starling and House Sparrow: These twoiegpere non-native bird

species. Frequency of observing non-native birdcigs (European starling/
House Sparrow) in the neighborhood is important. eWér neighbors are
observing these birds all the time in their neighilbod and also if they are
observing more of these birds at recent days thay first moved in were

investigated in this survey. If the neighbors this at a close vicinity to the park
observing these birds more than those that arkduvrere also investigated.

Mule Deer: Neighbors were asked how frequently they seeing Mule Deer in
their neighborhood and why they think the deerateacted to that area (being
curious, for food, for water, unknown reason). ¥#aan in neighbors’ perception
due to temporal and spatial variation of their pres is analyzed.

Desert Tortoise: Questions were asked to the beighif they observe desert
tortoise near their home or street and if they oleseoad killed tortoise near their
home or street. If a respondent saw a tortoise kdhdvhat could be the reason
of their mortality (from disease, hit by car, beicgptured or unknown) was also
analyzed. Perception on temporal and spatial wamnabn their presence is
analyzed as well.

Questions regarding frequency of observing deceasedals (e.g. Rabbit, Deer,

Bird, Tortoise, and Snake) were also asked in tinesnding neighbor survey.
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5) What are the common household pets and if neighlsers observing interaction
between these pets and wildlife and what were th@nton interaction they
observed were the questions that were also askélaetmeighbors. Neighbors’
responses to these questions were analyzed. Taligsansupposed to provide an
indication of how residential development near plagks was affecting or being

affected by the surrounding wildlife.

Some general questions were asked regarding wildiwersity and threat to wildlife
crossing the road. The responses were analyzaddofit neighbors' perception on these
issues. Detailed analysis results on all five caieg above are presented in the result

and discussion section with relevant tables andsha
4.2.2. Perception of Overall Change

Neighbor’'s Perception of overall change in the siradjacent to the park due to urban
encroachment was analyzed as the perceptions tiudles of the people living near the
park is considered highly relevant and valuableadat the effects of urbanization on

protected areas and helpful in determining accéptatban growth strategies.
4.2.3. Management Strategies

A review of literature (see 2.4 above) revealed uaniper of possible management
strategies that have been used in situations wine@n encroachment is having adverse
impacts on protected areas. Some of these strateggee proposed in the survey to

obtain some idea from the respondents which onaddmoe helpful for reducing the
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effects of urban growth on protected areas. Somé@fdominant management

strategies are as follows:

1) Strong unity among involved parties is a great athge to address any issues
that is going to put a significant impact. Thereforestablishing stronger
communication process among all the involved parsiech as county authority,
park service authority, developers, scientists aeijhbors on any possible
change happened or going to happen for urban ingrebtiffer areas in course of
time can be considered as a very important stratelygighbors’ perceptions
regarding this strategy were investigated in threesy

2) Providing appropriate and accessible resourcesalfothe involved parties by
establishing library, databases etc. to presenefulisnformation about any
change over the landscape for urban encroachmenbean effective strategy.
Therefore, neighbors’ perception on this strategs valso investigated in the
survey.

3) Depending on latest updated information and fupuesliction, restrictions should
be set up on urban encroachment by the countysigriged authority in a timely
manner to avoid any harmful impact because of ugramoachment in the buffer
areas of national parks. Also, legislation and sxd@ment of laws is helpful to
control excessive urban development which is harftfu natural resources of
parks and monuments. Particular restrictions byr@wiate authority can be
enforced for saving valuable bird community andoafer other wildlife.

Neighbors’ perception on restrictions was invegédan the survey.



4)

5)

a7

Community service projects and financial incentivesuld be useful and
attractive strategies (Chorover 2005) for encoumggievelopers and neighbors to
help minimize or avoid harmful effects of urban exp Neighbors’ perception on
this strategy is also investigated in the survey.

Environmental education program can be conductednttivate neighbors,
developers and other resource users for minimigrbgn encroachment. Harris et
al. (1997) concluded in their study that neighbdehavior and attitude can affect
planning and management of natural resources abtegied natural area. Not
only that, they also mentioned the strong poss$jbdf neighbors being powerful
political allies to resource managers and urbamnaes. To develop a positive
attitude in neighbors and eventually at some poiat help develop
environmentally responsible behavior in them, comiration, education and
involvement of neighbors are important. Environnaéréducation program is
helpful to at least change the knowledge level endome cases attitude and
sometimes even behavior of people. As mentionabdriterature review section
many literatures support that. Rincon Institute waseloped primarily to help
protect the Saguaro National parks resources. Theg environmental education
programs to emphasize increased understandingsefrtdecosystem. Also, they
have a goal of developing a high level of environtakawareness among their

participants (Knights et al. 1998). Therefore ahctill be an effective strategy in
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this case. Neighbors’ perception on environmenthlcation strategy is

investigated in the survey too.

Other than these strategies, Neighbors’ were a&edato express their own ideas on
possible strategies and those strategies are a¢sermed and discussed in the results

together with neighbors’ support on above mentiosteategies.
4.2.4. Survey Method

This survey questionnaire was developed to idemtgfighbors’ perceptions (attitude and
intension) about increasing development surround@aguaro National Park East, the
impact of these developments on the natural ressunside and on land adjacent to the
park and the potential impacts on wildlife. Finallshis survey was seeking park
neighbors’ input on acceptable urban growth stiatethat protect natural resources and
allow residents to live in harmony next to protectgeas. A previous study by Shaw et
al. (1996) on land use and land cover computerdagdbase development and Harris’'s
(1997) study of urban neighbors’ wildlife relatetitades and behaviors near protected
areas both acted as helpful background for degygmtiis survey. This survey was
conducted among the neighbors who live within 2emifan extended area in the south
side over 2 miles) area adjacent to Saguaro Ndtlak East. The survey was done as a
random mail survey by the researcher of this stdhere are five parts of the survey

guestionnaire:

1) General knowledge and information about the Sagudabional 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 cetdliand

5) Basic personal information.

The adjacent area to the national park that wasl dise survey sampling contains
approximately n=4751 households (Pima county aes®seffice data (August 19,
2008)). According to Salant and Dillman (1994) 58®©CI, 5% sampling error and 50/50
split stratified random sample size of approximatet357 households is required to get
a statistically representative sample. To receiggaificant amount of response, twice of
the required sample, n=714 questionnaires, werenpth to be sent out to neighbors
surrounding the SNP but because of lack of fundimg original sample of n=357
guestionnaires were sent. From the Pima countysaess office website, subdivision
information like addresses of homeowners and asdessluation of individual houses
surrounding the park boundary was collected. From Pima County department of
transportation website (http://www.dot.pima.govigdayers/) the data layers were used

to double check or verify the addresses of peagsaling in the area.

The stratification of this sample was based on imgugalues. Median Housing value was
considered as an important variable for stratiftcatsince it is an indicator of the
neighbor’s socio-economic condition. Housing vakiasually negatively correlated with
housing density; i.e. if housing value is high therusing density is typically low. In this

sampling process median housing price for eachigisbmh was determined. After that,
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the median of the entire median housing valuekisrtaas the mid point of dividing
the neighboring residential subdivisions into tvi@t, high and low. Subdivisions that
have a median housing value greater than the médiasing value for the entire sample
area are taken as the high group and subdivisi@miaive a median housing value below

the entire median housing value are taken as thetoup.

Using this stratification method, out of a total 4751 households, the low housing
value group accounts for approximately n=2989 hewasel high housing value group of
n=1762 houses which mean the low group has 63%selscarsd the high group has 37%
houses proportionately. Since the sample size 85h-households, the low group has
n=225 houses and the high group has n=132 housestime sample. For both the high
and low groups, the subdivision names are arraafpaabetically and all the houses in it
are assigned serial numbers. After that random eusntvere generated in Microsoft

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

Some other variables could also be consideredtfatifging the sample such as the age
of a neighborhood, but the problem was that if mmsorhood started to be built at a
certain year, building continued for several ye&ach individual house has a specific
age, but it is difficult to get this detailed infoation from the available sources. Also,
moving in and moving out of the house happensfégrdnt times regardless of the time
when the house was built. So, the age of a housenmiamatch with ownership by the
residents of the house participating in the surdéyerefore, age of houses is not used for

stratifying the sample. Rather, in the questiorma# question is provided regarding
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neighbors’ move-in year to the neighborhood. Thatuable information is further

used for analyzing the data.

Since it was difficult to send out all n=357 surseyt one time, the surveys were sent out
in 4 steps. The first pool of surveys was sent foutthe first time in the middle of
February 2010 and two weeks was assigned as tleeftingetting back responses. After
time had passed the responses that came back wsise®d late. The second pool was
sent out in the middle of March and the same rollewed, the third pool was sent out in
the middle of April and the fourth pool was sent wuthe middle of May. For all of four
pools the same rule followed. No follow up was [lssbecause of lack of funding.

After that the responses were coded and processeadlyzing.

For testing the validity of the questionnaire thestionnaire was reviewed by a panel of
experts who are faculty members at the UniversityAozona. A pilot survey was
conducted among a convenient sample of graduaterstsl and staff of the School of
Natural Resources, University of Arizona to tese tteliability and validity of the
guestionnaire. After obtaining responses from thegsaduate students and staff,

alterations were made to the questionnaire.

In total, n=357 surveys were mailed through thetgdaservice, n=80 responses returned
with completed surveys and n=18 surveys returnegpemed because of vacant address.
After making adjustment for the vacant addressespverall response rate was 23.60%.
For handling non-response, an error comparisonegiae of early to late respondents’
was used. A study by Lindner et §001) on handling non-response in social science

research proposed comparison between early andelsppendents method as acceptable.
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Late respondents are defined here operationallytlzid responses are compared to

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

The early and late respondents were separated capggrand were compared using
independent sample t-test for each question askdtistical Programming for Social

Sciences (SPSS) was used for this analysis. Tabtel2able 3 below are presenting the
group statistics and the independent sample tresstlt for neighbors’ response to the

guestion regarding benefit of living near Saguaatidhal Park (East).

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

Std.
Partl: Q2 id of Std. Error
participants N Mean | Deviation| Mean
Benefit living near SNP East ( Natural>= 70 11 2.00 .00( .00p
beauty of the area) <70 68 1.96 201 02b
Benefit living near SNP East ( Close| >= 70 11 1.73 467 41
to nature)
<70 68 1.91 .284 .03b
Benefit living near SNP East ( be in a>=70 11 1.82 .404 .12p
quiet place)
<70 68 1.88 .32 .03p
Benefit living near SNP East (close | >=70 11 1.09 .30 .091L
vicinity to work)
<70 68 1.10 .304 .03y
Benefit living near SNP East >=70 11 1.64 .504 .15p
(recreation opportunities from the
park) <70 68 1.49 503 J06/L
Benefit living near SNP East (close fo>= 70 11 1.00 .00( .00p
rincon creek)
<70 68 1.18 .384 .04y




Std.
Partl: Q2 id of Std. Error
participants Mean | Deviation| Mean
Benefit living near SNP East (best | >=70 11 1.27 467 41
home price available)
<70 68 1.25 434 .058
Benefit living near SNP East >=70 11 1.09 .30 .091L
(Increasing property value)
<70 68 1.38 .49( .05p
Benefit living near SNP East (good | >=70 11 1.18 .404 .12p
school district)
<70 68 1.29 .45 .05p
Benefit living near SNP East (Live olit>= 70 11 1.36 .504 .15p
of city)
<70 68 1.46 .502 .06[L
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Table 3: Independent samples t test results oy easpondents and late respondents for their regptmquestion no.2
(benefit living near SNP East)

Levene's Test for
Equality of
Variances t-test for Equality of Means
95% Confidence Interval of
Partl: Q2 the Difference
Sig. (2- Mean Std. Error
F Sig. t df tailed) | Difference| Difference Lower Upper
Benefit living near Equal 2.176 144 .703 77 484 .044 .063 -.081 .169
SNP East ( Natural | variances
beauty of the area) | assumed
Equal 1.758( 67.000 .083 .044 .02§ -.006 .094
variances not
assumed
Benefit living near Equal 9.742 .003| -1.801 71 .076 -.184 .102 -.388 .020
SNP East ( Close to | variances
nature) assumed
Equal -1.272| 11.241 229 -.184 .145 -.503 134
variances not
assumed
Benefit living near Equal 1.230 .271| -.588 77 .559 -.064 .109 -.282 .153
SNP East (beina | variances
quiet place) assumed
Equal -501| 12.172 .626 -.064 128 -.343 .215
variances not
assumed
Benefit living near Equal .060 .807| -.121 77 .904 -.012 .099 -.210 .186
SNP East (close variances
vicinity to work) assumed
Equal -.123| 13.557 .904 -.012 .098 -.223 199
variances not
assumed
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Levene's Test for

Equality of
Variances t-test for Equality of Means
95% Confidence Interval of
Partl: Q2 the Difference
Sig. (2- Mean Std. Error
F Sig. t df tailed) | Difference| Difference Lower Upper
Benefit living near Equal 4.828 .031 .923 77 .359 151 .164 -17% AT7
SNP East (recreation| variances
opportunities from thg assumed
park) Equal 922 13.430 373 151 .164 -.202 .504
variances not
assumed
Benefit living near Equal 14.886 .000| -1.516 71 134 -.176 116 -.408 .055
SNP East (close to | variances
rincon creek) assumed
Equal -3.789| 67.000 .000 -176 .047 -.269 -.084
variances not
assumed
Benefit living near Equal .094 .760 .159 77 .874 .023 .143 -.262 .308
SNP East (best homq variances
price available) assumed
Equal 151 12.982 .882 .023 .15(0 -.302 .348
variances not
assumed
Benefit living near Equal 45.890 .000| -1.910 71 .060 -.291 153 -.595 .012
SNP East (Increasing variances
property value) assumed
Equal -2.684| 19.811 .014 -.291 .109 -.518 -.065
variances not
assumed
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Levene's Test for
Equality of
Variances t-test for Equality of Means
95% Confidence Interval of
Partl: Q2 the Difference
Sig. (2- Mean Std. Error
F Sig. t df tailed) | Difference| Difference Lower Upper
Benefit living near Equal 3.305 .073| -.764 77 447 -112 147 -.405 .180
SNP East (good variances
school district) assumed
Equal -.838 | 14.506 416 -112 134 -.399 174
variances not
assumed
Benefit living near Equal 2.521 .116| -.565 77 574 -.092 163 -417 .233
SNP East (Live out of variances
city) assumed
Equal -.563| 13.405 .583 -.092 164 -.445 .261
variances not
assumed

Note: Significant (2 tailed) value > .05 meansehey and late respondent groups have no signifidiffierence between them

for their response to the question.

9%
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From table 3 it was found that in almost all cabessignificant two tailed value was
greater than .05 ( represented with shaded vatueble 3), which means responses from
the early respondents was not significantly diffedan the late respondents. This leads
to the assumption that late respondents are natifisantly different than non-
respondents. Similar analysis results for neighb@sponse to all other questions from

the survey are provided in the appendix.

After collecting the responses from the neighbdrs, data was entered into a database
and subsequently summarized. The sample was cahpleindom and the respondent
neighbors are displayed in a map per neighborh@nd. of total 44 neighborhoods,
responses were received from n=26 neighborhoodshwid 59.09% of the total
neighborhoods. It shows that respondent neighboeswell dispersed throughout the

neighborhood. The map is provided below.



58

Saguaro National Park East

Al

-

Neighbors' response

. Neighborhood that responded
[ T T T T T T T 1 .
A 0 125 25 5 Miles Neighborhood that not responded

Figure 4: Neighborhood-wise neighbors’ response

In this map, the yellow color neighborhoods resmmhdnd the pink color neighborhoods
did not respond to the survey. From this surveighteors’ perception on changes due to
urban encroachment in the surrounding area of igarkvestigated and analyzed. General
guestions as to when they moved to that area, areaheir benefits of living in that area,

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

these questions provided usable information orr threst in the area and their interest
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in nature. They were asked to rank different thfaetors related to urbanization for
their area adjacent to the park and their respowses analyzed. These analysis results

are provided in the results and discussion section.

4.2.5. Comparing Change in Residential DevelopraadtNeighbors’ Perception

To investigate if neighbors’ are perceiving therades over the landscape due to urban
encroachment at the same degree as it is found ¢h@ange in residential development,
the digitized building units from year 1992 and 20@ere intersected inside GIS
environment with the neighborhood boundaries thatnathin one mile distance from the
park. Then percent increase in building units wakkutated per neighborhood for 15
years period only from those neighborhoods thgbaeded to the survey. This percent
increase in building units per neighborhood was trenked depending on an arbitrary
ranking scale (1, very small increase to 5, vergdancrease). Average housing growth
per decade is 20.8% in United States since 1940g[BH, V. et al 2010). Taking this as

a reference, for a 15 years period, the rankingreehwas

1, very small increase: 0% - 10% increase in redidiedevelopment

2, small increase: 10% - 20% increase in residedévelopment

3, medium increase: 20 - 30% increase in resideté¢elopment (since 20.8% increase

is an average increase for 10 years)

4, large increase: 30% — 40% increase in residedgigelopment

5, very large increase: over 40% increase in resigladevelopment



60

Neighbors’ rankings were averaged per neighborhimodtheir response to few
guestions related to impact of urban encroachmé&he scale of ranking that was
provided to the neighbors by the survey was 1 fior $hose particular questions where 1

was very low impact and 5 was very high impact.

Ranking of neighborhoods for increase in develogmand average rankings by
neighbors’ per neighborhood for impact of urbanreachment for few specific cases
was then compared. Detailed analysis results aledad in the results and discussion

section.

Some personal information questions, such as whattheir education level and are they

male or female, were asked too just to receive sgeneral idea of the respondents.
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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 analysias taken using National Land Cover
Dataset 1992 and 2001. Figures 5 to 20 below shewdsults of the change analysis for
direct subtraction and for a focal mean functiomsidering a 3 x 3 rectangular

neighborhood for these two years of classified iesagThe land cover classes that are
commonly found in the analysis are low intensityelepment, shrub land, barren land,
forest, grass, and woody wetlands. In additiorh&sé figures (Figure 5 - 20), the change

analysis results are presented in Tables 2 - 4.

In Figure 5, orange color pixels that representngeain low intensity development
dominate in the areas adjacent to the west, nogtiwaad southwest sides of the park.
The northwest corner is highly crowded with theseels. Using focalmean of 3 x 3
rectangular neighborhood functions, the change aw lintensity development is
represented in figure 6 in more detail in two difat levels, 10 to 20% and 20 to 100%
change. Figure 7 shows changes for shrub landqa®ainated by shrubs) in the study
area. The dark blue pixels representing changeliapersed over almost the entire area
inside and outside the park. The highest conceoitrat at the east side of the park. The

same change in shrub land is represented in Fi§uresing a 3 x 3 rectangular
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neighborhood focalmean function and it represdr@schange in more detail such as

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

Barren area mostly changed on the west and soush sige outside the park boundary
and also somewhat at the east side inside the hgarkdary (Figure 9). Barren area is
represented by reddish pink color. Figure 10 ressd#a same change in barren area using
a 3x3 rectangular neighborhood focalmean functiod @epresents the change in more

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

Figure 11 illustrates that forested areas haven2lD0% change over the landscape with
dark green pixel are dominating mostly in eastim@ast and south east at inside and
adjacent land of the park. Figure 12 below showangks in forested area using 3 x 3
rectangular neighborhood focalmean function. Lilalier cases, in this case also

analysis result is detailed. Changes in grassds putple color pixels are represented in
Figure 13 below. Little changes in grasses ardhdrom this analysis. Figure 14 shows
this change in detail using 3 x 3 rectangular neaghood focalmean function. Change in
woody wetlands is represented with dark navy blaercin Figure 15. This analysis

shows that little change is occurred in woody wetlaFigure 16 shows detailed changes

using 3x3 rectangular neighborhood focalmean fonctinalysis.



Change in low intensity development

|:| Park boundary
|:| 0% or no change

[ ]20% to 100% change
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Figure 5: Change in low intensity development, 192001 (direct subtraction method).
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Figure 6: Change in low intensity development, 192001 (3 x 3 rectangular neighborhood focalmesuction).
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Figure 7: Change in shrub land, 1992 — 2001 (dsabtraction method).
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Figure 8: Change in shrub land, 1992 - 2001 (Fec8angular neighborhood focalmean function).
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Figure 9: Change in barren area, 1992 — 2001 (dstdatraction method).
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Figure 10: Change in barren area, 1992 - 20013 3ectangular neighborhood focalmean function).
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Figure 11: Change in forest area, 1992 — 2001.
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Figure 12: Change in forest area, 1992 - 200133ectangular neighborhood function).
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Figure 13: Change in grass area, 1992 - 2001.
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Figure 14: Change in grasses, 1992 - 2001 (3 xtamgular neighborhood function).
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Figure 15: Change in woody wetland, 1992 - 2001.

€L



Figure 16: Change in woody wetlands, 1992 - 2004 3 ectangular neighborhood function).
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In Table 4, 20% to 100% change in land cover fr&821— 2001 is represented. This 20
— 100% change occurred in large areas of foresaed, | shrubland, low intensity
development areas, and barren areas. For grasdewaody wetland this change is
occurred in relatively smaller areas. When the3rectangular neighborhood focalmean
function was used for analysis, it produced detiaibsults. This analysis pulled out areas
that have 10 — 20% and 20 to 100% change for edlettand cover classes. Therefore, the
total “changed” area for each class increased. Wewehe trend of change for land
cover class for direct subtraction and for focalamdunction was the same. Table 5

below represents this analysis.

Table 4: Change in landscape at SNP East and dsnole buffer area, 1992 — 2001
(direct subtraction method).

Area Changed in Hectarge % Change in Area Out
Land cover classes Percent Change 9 " of the Total Analysis
(1992 — 2001) Area
Low intensity 20 — 100% 176.13 0.47
development
Barren 20 - 100% 8451 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 andésnie buffer area, 1992 — 2001
(focalmean function for 3 x 3 rectangular neighwardh).

Area Changed in Hectare % Change in Area Out
Land cover classes Percent Change 9 " of the Total Analysis
(1992 - 2001)
Area
0-10% - 0.00
Low intensity 10 — 20% 132.93 0.35
development 20 — 100% 360.99 0.95
Total 493.92 1.30
0-10% - 0.00
Barren 10 — 20% 74.07 0.19
20 — 100% 189.00 0.50
Total 263.07 0.69
0-10% - 0.00
10 - 20% 2,622.51 6.89
Shrub land :
ruban 20 — 100% 4,504.14 11.84
Total 7,126.65 18.73
0-10% - 0.00
Forest 10 - 20% 2,023.11 5.32
20 - 100% 5,333.85 14.02
Total 7,356.96 19.34
0-10% - 0.00
Grasses 10 - 20% 19.80 0.05
20 - 100% 47.34 0.12
Total 67.14 0.17
0-10% - 0.00
10 — 20% 11.52 0.03
Woody wetlands 20 — 100% 18.09 0.05
Total 29.61 0.08

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

rectangular neighborhood focalmean function metihobable 6. Comparison shows that
the “changed” area is almost three times greattr thie focalmean function method than
with the direct subtraction method. It is obviowec@use focal mean function method is
providing more detailed change result and covemoge area. Most important point here

is, in both cases the greatest changes are ocdarfogested areas followed by shrubland



77

and low intensity development. The trends of chadogéand cover classes are same

for both the methods.

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

5 -
Area Changed in Hectare ( 1992 — 2001) % Change in Arga Out of the Tota)
Land cover Analysis Area
classes Direct method Focalmean function Direct method Fo_calmean
method function method
Low intensity 176.13 493.92 0.47 1.30
development
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 tap#sfrom 1992 — 2001 in the study
area together with their spatial location and amese distribution for the two different
analysis methods. Represented are changes of I8-ahd 20 — 100% from 1992 —
2001 depending on the analysis method. In both masthchanges are happening in
larger areas for forest, shrubland and low intgradgtvelopment respectively. However, it
was not possible to determine specific details sctvhich land cover class is converted
to which from this analysis. Also, specific percetiange from 1992 — 2001 for any
specific class was not possible to figure out fritiis analysis. The NLCD 1992- 2001
retrofit change product helped to overcome theswtdiions and facilitate analysis,

provided more details regarding changes over thdsleape.
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Using the NLCD 1992-2001 retrofit change produbg thange analysis result is
different. It has unchanged pixels and changedlpigpecifying the direction of change.

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

Figure 17 below shows changed and unchanged laret ctasses at SNP East including
its one mile adjacent land. Since development s¢ricted inside the park, land cover
change due to urban encroachment is more likelgagopen in the surrounding area.
Therefore, the buffer area (one mile adjacent landund the park is extracted and land

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



Figure 17: Retrofit change image, SNP East anlutfer, 1992 - 2001.
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Figure 18: Retrofit change image, SNP East buff@g2 — 2001.

08
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Table 7 represents land cover classes with thea éra) for the year 1992. These areas
are calculated from the NLCD 1992 — 2001 retrofiaiege image for SNP East and its
one mile buffer.

Table 7: Base area by land cover class at SNPdadsts buffer, 1992

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

Table 8 below represents the land cover classésas#ia (ha) that has not been changed

from the year 1992 to 2001.

Table 8: Unchanged area by land cover class atEa¢Pand 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 landscapefferedhit land cover classes in area (ha)
and percentage. The percentage is calculated etopseland cover class and also on the

total area. This analysis reveals that urban arer@ased 2.13% on previous class for the
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park and its buffer together. Agricultural landsidased 76.15% on previous class.
Forests also decreased 6.24% on previous land abass. It is of interest to analyze
what happened to this huge amount of agricultwati land to the forest land and from
where the increased area classed as urban canie.9Maélow focuses on these issues.

Table 9: Change in area by land cover class at B&#P and its buffer, 1992-2001

— - -

Area in ozlr:;e)rent years *_Change Percent g);l)ange in area
Cover class inarea on previous| On total

1992 2001 (ha)
class 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) 37,761.98 37,761.93

* () mean area reduced and - mean area not cbdngghat cover class

Table 10: Class to class change in area at SNPaBdsts buffer, 1992 - 2001.

Cover class changed Percent change in
Area 9 area (%)
Class Cell
changed On
value count . On total
(ha) From To previous
area
class
43 6 0.54 Forest Barren 0.005% 0.001%
45 10,652| 958.68 Forest Grassland | 5 7619 | 25399
/Shrub

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% %690
56 10 0.90 Grassland/Shrub Agriculture 0.003% (@0Q2
62 31 2.79 Agriculture Urban 8.908% 0.007%
65 244 21.96 Agriculture Grassland/Shrub  70.115%058%

Total areai:hanged 1,255.23 332404

(ha) =
Total stuczzly area (ha 37.761.93
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Table 10 represents elaborated results for theisne area of the park and a one
mile wide buffer zone. This table reveals that 8%®0of land in the agricultural
classification changed to urban and 70.115% of lemthe agricultural classification
changed to grassland/shrub. Of forested lands,1%676hanged to grassland/shrub and
.005% to barren. A small amount, 1.006%, of newedbr replaced previous
grassland/shrub. A very small amount, 0.033%, afsgfland/shrub was converted to
urban.

Only the buffer area (1 mile buffer surrounding thark) was considered for similar
analysis and Table 11 below presents the land colassses in area (ha) for the year
1992. Table 11 shows that grassland or shrub cdkliertargest area followed by forest

and urban respectively.

Table 11: Base area by land cover class in SNPtdigr, 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 beingamnged from the year 1992 to 2001. As
per Table 12, the whole urban area remains uncllaageirban. This means urban area
from 1992 has not been lost or decreased. Themepisssibility that it can be increased

and Table 13 below provides detail on that. Moghefforest and grassland/ shrub stayed
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unchanged too as forest and grassland/ shrub hutdittle part of agricultural land

stayed unchanged.

Table 12: Unchanged area by land cover class in B&8 buffer, 1992 -2001

Class Cell count Area (ha) Cover class
value
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 inl@g¢and in percentage for different
land cover classes in the buffer. The percentagal@ilated on previous class and also
on total area. In the buffer, agricultural landcrdased the most (76.15%) from its
previous class. Forested lands decreased 6.19%udrah area increased 2.45%.
Elaborated results in Table 14 show that 70.115%agpicultural lands reverted to

grassland/shrub and 8.908% agricultural lands weneerted to urban. Of forested lands
in the buffer, 1.481% changed to grassland/shrubadso new forest was created from
grassland/shrub (.097%), with .083% grassland/salsdo converted to urban. From these
analysis results represent land cover change aogurr park, in the buffer and the park

together, and in just the buffer. Table 15 represesults of that comparison.
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Table 13: Change in area by land cover class at E2® buffer, 1992-2001

N .
Area in different years (ha Percent change in
. . area (%)
Change in
Cover class
area (ha) On On total
1992 2001 previous
area
class
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  10,332.68 10,486.89 154.26 1.49% 17°%.
Agriculture 31.32 7.47 (23.85) -76.15%  -0.18M%
Wetlands 6.30 6.30 - 0.00% 0.00%
Total area (ha) 13,225.32 13,225.3R

Note: () and '-' mean area reduced for that colasisc

Table 14: Class to class change in area at SNPoa#st, 1992 - 2001.

Cover class changed Percent change in
Area 9 area (%)
Class| Cell
changed On
value | count . On total
(ha) From To previous
area
class
45 1,700 153.00 Forest Grassland /Shryb 1.481% 7%15
52 95 8.55 Grassland/Shryb  Urban 0.083% 0.065%
53 14 1.26 Grassland/Shrub  Barren 0.012% 0.010%
54 111 9.99 Grassland/Shriib  Forest 0.097% 0.076%
56 10 0.90 Grassland/Shryb  Agriculture 0.009% OWQ7
62 31 2.79 Agriculture Urban 8.908% 0.021%
65 244 21.96 Agriculture Grassland/Shruly 70.115%166%
Total area o
changed (ha) - 198.45 1.501%
Total studX 13.225.32
area (ha) =




Table 15: Comparison of change in area betweenE&éPand its buffer, 1992-2001

*Percent change on previous class
Base area in 1992 (ha) Change in area (ha) *Percent change on total area (4
Park and
buffer
Park and | Buffer area
buffer area| area Park Park Park combine | Buffer Park

Cover class combined | only only only only d area only only
Open water 4.59 1.26 3.33 0.0( D 0.00% 0.00% 0.00% 0.00%
Urban 531.36 462.33 69.08 0.00 0.00% 0.03% 0.09% 0.00%
Barren 91.80 81.54 10.2¢ 0.54 $%05.26% 0.00% 0.01% 0.00%

2,309. | 8,883.
Forest 11,193.48 94 54 (555.66) -6.25%-1.85% -1.08% -2.26%

10,332 | 15,569
Grassland/Shrub 25,902.4%5 .63 .82 555.12 3.57p 1.88% 179%. 2.26%
Agriculture 31.32 31.32 0.00 0.0Q - -0.06% -0.189 0.00%
Wetlands 6.93 6.30 0.63 0.00 %0.00% 0.00% 0.00% 0.00%

13,225 24,536
Total area 37,761.93| .32 .61
**Total area 1,056.
changed (ha) 1,255.23 198.45 78 3.32% 1.50% 4.31%

*() and - mean area reduced for that cover class

**Total area change includes all the interchangstsvben different cover classes

98
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No change occurred inside the park for urban aogen water, wetland, and
agricultural land. Barren area and grassland/slmobeased inside the park. Forested
lands decreased. The decrease in agricultural aardancrease in urban area occurred
completely in the buffer. Other than that, there iaterchanges 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 mrbacroachment, building rooftops
are digitized on DOQQ images for the year 1992,2280d 2007. Number of building
rooftops increased in that time period is preseirgeigure 19 — 21 and in Table 4 - 15.
In 1992 (Figure 19), total n=959 building rooftaue digitized; in 2002 (Figure 20), total
1438 building rooftops are digitized and in 200¥y(ife 21) total 1645 building rooftops
are digitized. All the digitized building rooftose represented with green points in the

Figures.



Figure 19: Digitized building rooftops, 1992 DOQ®4dge.
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Figure 20: Digitized building rooftops, 2002 DOQ®4age.
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Figure 21: Digitized building rooftops, 2007 DOQ®4age.
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Table 16: Cumulative change in building rooftopmirreference year, 1992.

No. of Building |\ ¢ Buildings
Years Time differenceg Rooftops as : 95 | percent Increase
S Increased
Digitized
1992 Reference Yea 959 Reference Year Referenae Y|
2002 10 years 1438 479 49.94%
2007 15 years 1645 686 71.53%

Table 17: Incremental change in building rooftapslifferent years.

No. of Building |\ ¢ Buildings
Years Time differenceg Rooftops as : 95 | percent Increase
S Increased
Digitized
1992 - 959 - -
2002 10 years 1438 479 49.94%
2007 5 years 1645 207 14.39%

Percentage of buildings cumulative increase in ytears period (from reference year

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

increment of this change in the first ten yeard994%, 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 Imgldooftops is provided in Table 18

below:
Table 18: Accuracy assessment for digitizing 20@cen points.
Reference Points (from Bing Map Birds Eye view)

Buildings | Concrete structure like parking Bush, bare,
: total

roof top lot, bench, ramada etc}) soil etc.
( digitized points Buildings 182 7 11 200

from DOQQ roof top

image) total 182 7 11 200

5.1.2.1.1Calculation 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=+189
Percent accuracy: 94.5%

Points wrongly digitized as building which werelhg®ush, 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 askemliibesident’s perceptions regarding
the impact on wildlife from increased urbanizatioks an impact of urbanization,

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

Saguaro National Park East were asked to rank dbcsirrence for their respective

neighborhoods.

Figure 22 below reveals that total 46.48% neighbanked housing development as very
high impact (rank5) to high impact (rank4), a nefay lower percentage (19.72%) of
neighbors ranked it as medium impact (rank3) ateal 83.80% ranked it as low impact (

rank2) to very low impact ( rank1l).
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Figure 22: Responses to the impact of housing dewetnt on wildlife diversity.

An important analysis regarding neighbors’ peraapon wildlife diversity surrounding
the park was done here to find out whether thereamy relationship between neighbors’
perception of ranking wildlife diversity as an ingband the distance the surrounding

neighborhood from the park. Figure 23 illustratkat tgenerally neighborhoods closer



94

(within 1 mile) and over 2 miles from the park bdanes are not considered to have
impact on or a threat to wildlife diversity as muas those that live between 1 and 2
miles from the boundary. However, these neighb@rge between 1 to 2 miles of park
boundary) neighborhood wise average threat rankimipse to moderate threat (average
rank 3.2). The further away the neighbors residenfthe park boundary, the less threat

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

Residents were asked about the frequency at whahgaw non-native bird species such
as the European Starling (ES) and House Sparrow (R$he neighborhood of the

Saguaro National Park East. Figure 24 below shbas55.56% of neighbors observe
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these birds all the time in their neighborhood velasr19.05% observe them almost

never.
60%
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Figure 24: Responses to the frequency of Europ&aiiry) and House Sparrow observed
considering total responses.

Since 55.56% neighbors responded that they obdbese birds all the time in their
neighborhood, further analysis was done to find ibuthere is a difference among
neighborhoods located varying distances away frbm park boundary in terms of
neighbors’ response. Figure 25 reveals that neididoals that reside within 2 miles of

SNP are the highest percentage (56.57%) that oisénmese birds.

Neighborhoods located within 1 mile distance fddlsely behind those neighborhoods

beyond a distance of 2 miles scored the lowesbtPE0).
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Figure 25: Responses to the frequency of Européatirg) and House Sparrow observed
in distance classes.

Questions were provided in the survey to deternfitieere was an increased awareness
since moving into the neighborhoods observing wédhnd in particular bird life. When
asked about whether they observed either Européating or House Sparrow, 54%
respondents were not sure while 38% responderdsneaand only a small percentage
(8%) said they observed more of these birds now thilaen they first moved in (See

figure 26).
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Figure 26: Responses to observation of Europeatirgtand House Sparrow more than

first move-in.

Mule Deer is another sensitive species that has lskewn to be affected by urban
development (Bellantoni and Krausman 1991 and USQ® report). Neighbors were
asked how frequently they are seeing Mule Deer rataineir neighborhood. Results
shown in Figure 27 indicate that Mule Deer are seén very often. 66% of those
sampled have never seen a Mule deer in their nergbbds. Even though 66% of the
neighbors have never seen a Mule Deer around nieeghborhood, 32% still responded
to the question citing water as the reason thegeea and 26% suggest food (Figure 28).
These are very small samples but they do suggastvihter and food are definitely

attractors.
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Reasons why Mule Deer comes to the neighborhood
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Figure 27: Responses to the frequency of Mule Dbserved.
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Figure 28: Responses to the reasons of Mule Daeingpto the neighborhood
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Desert Tortoise has been shown to be vulnerabiad®ased urbanization in the
area (Goldsmith and Shaw 1988 and USGS 2006 repdmtyesponse to the question
regarding observing desert tortoise, only 13.92%hefrespondent neighbors’ expressed
that they had seen desert tortoise anywhere near libme or nearby street and only
2.53% of the neighbors had observed fatally irjuilesert tortoise near their home or
street (Figure 29). It is a very small sample hilitaf those responds that had seen fatally

injured desert tortoises, they recognized struch loar as one of the main reason (Figure

30).
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Desert tortoise watched near home dead or alive

Figure 29: Responses to the observations of desgérstse near home or nearby street.
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Figure 30: Responses to the reasons for the mgradldesert tortoise.

Domestic pets and their interaction with nativedhié is one of the common problems in
the adjacent lands of protected areas (Harris.et17). When asked if neighbors had
seen or experienced their own domestic pets or®tinethe neighborhoods interacting
with native wildlife, 46% of the neighbors respoddwositively (Figure 31). Neighbors
also provided information on pet wildlife problertisat they were aware of in their
neighborhood. Table 17 below provides the summéamhe neighbors’ response on pet

wildlife interaction.

It is important to know what the common pets that esiding in the neighborhood to
understand the conflict between pet and wildlifer the survey it turned out that most

common pets are dog, cat, bird, horse, rat, fismeg pig, and rabbit.
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Figure 31: Responses to noticing interaction betwerisehold pets and wild animals.

Table 19: Pet and Wildlife Problem Perceived by 3Bt Neighbors.

rattlesnake

Pet Wildlife Types of interaction

Javalinas and coyotes chase
Dog Javalinas, Coyote pet dog; dogs bark at

javalinas and coyotes

Cat kills lizards, birds,
Cat Lizard, bird, rabbit, rodents

rabbits, rodents

dogs chases rabbits and
Dog Rabbits, purls rat

purls rat

Dogs encounter with
Dog Rattle snakes
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Pet

Wildlife

Types of interaction

Small cats and

Owls and hawks

Owls and hawks eat small

dogs cats and dogs

Snake, lizard, doves and quall | Dogs encounter snake,
P09 nest 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 ¢firdhe survey their perception of

increased threat to wildlife crossing roads, sith@y moved into the area. 60.76 % of the

respondents recognized that wildlife is increasirtgreatened crossing roads

in their

neighborhood. Taking distance from the park boupdato account, analysis shows that

of these same neighbors, 59% reside within 1 tal@srof the park, 28% within 1 mile of

the park and 13% over 2 miles of the park (Figite 3
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Figure 32: Responses to the increased threat alfif@itrossing road considering
neighborhood distance.

5.2.2. Strategies for Reducing the Effects dfdur Growth on Protected Area

Neighbors’ were asked their responses regardinigrdirit planning and management
strategies that could be employed to reducing tteets of urban growth on the national
park. Respondents were provided with five strategied asked to express their degree of
support. Stronger communication between county axiiyh park service authority,

developer and neighbors regarding any change dudb#m development is considered as
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priority management strategy. Figure 33 reveals 88&o of the neighbors support

or strongly support this strategy.
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Figure 33: Responses to the support on strongemeoncation.

Developing maps and developing additional inforomatiabout the effects of urban
encroachment on the national park and making itlabla to neighbors and other
concerned citizens is supported or strongly suppotty 66% of the respondents as

another important management strategy (See figtire 3
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Figure 34: Responses to the support on making mdptner information available.

Restrictions on development and use in nearby gnealsiding control of pets, reduced
roads and traffic, etc) to avoid harmful effectsusbanization on national park were
supported or strongly supported by 66% of the regh Some 20% only partially

support the strategy and 10% do not support atlyeofestrictions (see figure 35).
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Figure 35: Responses to the support for restrictiiodevelopment

Offering community services through community seeviprojects like trailhead
maintenance or invasive plant eradication voluhtdry the neighbors could be helpful to
educate them and increase their awareness aboaigeraent of natural resources of the
area (Chorover, 2005). Financial incentives caroffiered to the developers such as if
developers reduce total number of dwellings planimedhe area they gets certain
percentage of financial incentives from the mypatity. Therefore, offering community
services and financial incentives for the neighlaond developers was considered as an
effective management strategy and neighbors sumpothis strategy was investigated.

Of the total respondents, 63% neighbors supporstarngly support this strategy.
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However, some 30% of the respondents do not suppoonly partially support

offering financial incentives (See figure 36).
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Figure 36: Responses to the support for offeringranity services and financial
incentives.

Finally neighbors’ were asked to respond to indregpsenvironmental education
programs to motivate neighbors and developers tluoe negative impacts on the
national park. Of the total respondents, 71% efrteighbors support or strongly support

this strategy while 22% do not or partially suppbis strategy (See figure 37).
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Figure 37: Responses to the support for environaheolucation program.

Two of the five strategies providing stronger conmication among a range of governing
authorities and increased public awareness thramtronmental education programs
were highly supported (45% support). Restrictiond@velopment was a little behind
(44% support). Respondents had mixed reactionglingato much less support for
financial incentives and community services (38%psut), and making maps and other

information available (29% support). Figure 38 gales this analysis.
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Figure 38: Responses to the support for environaheolucation program.

5.2.2.1. Responses to the support on differemag@ment strategies.
Neighbors were also asked if they can provide idefasheir own besides the five

management strategies and their opinions are lasvil

1) putting barrier in a distance of park
2) going back and implement 1 house/1-5 acre thamtet® houses/ acre which
means developing low density residential area

3) conducting educational programs on importance adilbersity
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4) improving bike walking shared path and encouradikg

5) making laws for builders

6) making laws for using sun power and rain water ésirv

7) introducing extended environmental education foropgbe living in the

surrounding area

5.2.3 Neighbors’ Perception on Overall Urban@atmpact

To understand more about why neighbors chooseeémkear or what they perceive as the
benefits of living near Saguaro National Park, 96%the neighbors’ indicated that
natural beauty was a major reason why they live tiea park. Living close to nature
(87%) and to live in a quiet place (86%) are algsorng motivations for living by SNP.
The opportunity for recreation (51%) their desodive out of city (47%) were supported
from the neighbors. This result suggests that taezaevealed and underlying indicators
that relate to nature and the neighbors stronghefiefrom 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 &dBt.

In addition, neighbors identified other factors lsw@as the ability to have horse property,
bicycling, not much congestion in the area, hilirgils, green community, wild animals,

ecology oriented community etc. as the benefitslifang near the park. This suggests
that recreation opportunities, ability to be cldsenature and as quiet place are key
indicators of the importance of living close toratgcted area. Recreation Opportunity is
one of the main reasons why neighbors’ choosevéoriear Saguaro National Park. This
is revealed in a follow up question to the neiglsb@garding how many times they visit

the park per year. Of the respondents, 17% vighedpark 11 - 25 times a year, 10%
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visited the park 26 — 50 times a year and anotfé$ tisited the park over 50 times

a year (See Figure 40).
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Figure 40: Responses on frequency of visiting SIHBt Rer year.

Neighbors were also asked to rank the threats thesreation opportunities and
experiences that they enjoy in SNP. On a scaletof8.(1 being very little or not much
threat and 5 being high degree of threat) the medpats rank the threats and the average
of their ranking indicates that “too many house@mds and other development near the
park boundary” (3.23), “increased traffic and costge in surrounding areas” (3.33) and
“diminishing size of natural areas surrounding plaek” (3.23) are considered only to be
moderate threats. “Loss of vegetation” (2.98) aretiticed opportunity to see wildlife”

(2.81) are considered even less of a threat (gaesfidl).
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Figure 41: Rank of threats to Enjoy SNP East.

Too many houses, roads and other development rekrboundary are ranked by the
neighbors’ as a threat. The average ranks by tighloers for different neighborhood
distance is analyzed. The result shows that nerghlvghin 1 mile and 2 miles distance
of the park boundary ranked it as a higher but maddethreat with a ranking of 2.94 and
3 respectively. It is higher than average ranksneyghbors residing over 2 miles
distance. The further the neighborhood from thé piae lower the neighbors’ perceive it

as a threat rank (See Figure 42).
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Figure 42: Rank of housing and road developmeseiatiio SNP East.

Diminishing size of the natural areas, in other dgodecreasing natural open space
surrounding the park is ranked by the neighbors #isreat. The average ranks by the
neighbors for different neighborhood distance isalywred. The result shows that
neighbors within 1 mile distance of the park bougdanked it as the highest threat with
an average threat ranking of 3.26. The furthemiighborhood from the park the lower

the threat ranking is. Figure 43 below is showimg result.
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Figure 43: Rank of diminishing natural area asdhte SNP East.

Increased traffic and congestion surrounding thek & ranked by the neighbors as a
threat. The average ranks by the neighbors foremifft neighborhood distance is
analyzed. The result shows that neighbors withmilé and 2 miles distance of the park
boundary ranked it as a medium threat (averagk o&ar8.04 and 3.09) whereas the
neighbors resides over 2 miles distance rankee@ldvww medium threat ( average rank
2.75). Therefore, in this case too, the furtherrkghborhood from the park the lower

the neighbors’ perceive it as a threat. Figure déw is showing the result.
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Figure 44: Rank of traffic increase and congeséisthreat to SNP East.

Different impacts of housing development adjacenprotected areas were also ranked
by the neighbors. Their average ranking shows asgé traffic congestion is moderately
perceived threat category with an average rankin@.43 but it is perceived by the
neighbors as higher threat than other threats. bbssildlife diversity and increased
noise and light are a little bit behind with averagnking of 3.08 and 2.97 respectively.

Detail result with average threat rank is presemdeigure 45.
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Figure 45: Rank on the impacts of housing develogradjacent to protected areas.

Neighbors were also asked about any other impagt ¢buld think of that effects is not
given in the question and the neighbors’ did ngtregs anything only except faster
traffic and littering on road as an impact and exhkhem 5 ( very high degree threat).
Neighbors were also asked if they observed an aserén road development in their area
since they first moved in. Their responses revedted almost 29% of the neighbors
noticing small increase in road development, aroR8% are noticing no change and

only 19% observe a very large increase. Sincedhéstion is asked in relation to when
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they first moved in, it would be interesting to biza whether there is a difference

between neighbors response based on when theyimove
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Figure 46: Responses to the increase in road davelot noticed.

Figure 47 indicates that a majority of the neiglsbtdrat moved in prior to 1990
observed there to be a large increase in road a@vent surrounding their
neighborhood. After 1990 a much smaller the peaggteported a large increase in road

development.
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Figure 47: Responses to the very large increasgaith development since move-in.

From the respondents, 47.37% were male and 52.68% ¥female, 7.59% has high
school diploma or similar level education, 31.65%vd college level or similar level

technical education, a majority 60.76% obtainedlgate or professional level education.

5.2.4 Comparing Change in Residential Develograad Neighbors’ Perception
In one mile distance from the park, out of totak6pondent neighborhoods 5 are facing

very rapid increase in residential development.s€h& neighborhoods are facing over
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40% increase (rank 5) in residential developmera irb year period (represented in

Table 20).

Table 20: Increase in building units per neighborho

No. of
residential increase in
No. of residential| buildings ( residential % increase

Neighborhoods buildings ( 1992)| 2007) building units | 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 neigdikaverage rank per neighborhood
for different impact due to urban encroachmentwds found that in most cases
neighbors’ were not perceiving this increase/ ceaaigthe same degree. However, they

seem to moderately perceive the change due to whenvachment. This comparison is

presented in Table 21.

Table 21: Comparison between residential buildmggease ranks and neighbors'

perception rank

Diminishing Increased traffic
Impact of housing natural area as| congestion as
Residential development on threat to enjoy | threat to enjoy SNH
building increase| wildlife diversity SNP ( East) ( East) average
Neighborhoods ranks average ranks average ranks | 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 thaighborhood
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Figure 48 — 51 below are representing ranking ofghi®rhoods for increase in
residential development, average ranking of neighiads by neighbors’ for impact of
house and road development on wildlife diversitypact of diminishing natural area as a
threat to enjoy the park and impact of increasefiitrcongestion as a threat to enjoy the

park.

In Figure 48, the neighborhoods at north and nestlest (Arbor Vista, Forty-niners

Country Club Estates) and west side (Mount Verraoth estates) of the park are facing
very large increase in residential developmentrésgnted by dark red color). The
neighborhood at the mid west (Old Spanish Trailatest) is facing medium increase

(represented by light red color).
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Figure 48: Ranking of neighborhoods for increaseesgidential development

If Figure 49 (see below) was compared with Figu8& # was found that in some

neighborhoods (Arbor Vista and Forty-niners coumtop estates at the northwest corner
and Old Spanish Trail estates at the mid-westyhimirs’ average perception is almost at
the same degree as the increase in residentialopevent. However, for west and south

side neighborhoods (Saguaro Shadows and ThunderReexth) the increase in
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residential development is very large but the neigh perceived the impact of

house and road development as very small.

Figure 49: Ranking of neighborhoods for impact ofi$e and road development on
wildlife diversity
Similarly, when Figure 50 is compared to Figure 48,is found that only one
neighborhood at the northwest side (Mount Vernorchaestates, denoted by very dark
red color), neighbors perception is at the sameedewith the increase in residential
development. In all other neighborhoods, neighbpesception rank is lower than the

increase in residential development.
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Figure 50: Ranking of neighborhoods for impactiofidishing natural area as a threat
to enjoy Saguaro National Park.

Figure 51 ( see below), neighbors perception ranKor impact of increased traffic

congestion as a threat to enjoy Saguaro Nationet Bast is very similar to their

perception on diminishing natural area. Howeveit i6 compared with Figure 48, all

neighborhoods except for Mount Vernon ranch estatéke northwest side, neighbors’

perception rank is lower than the increase in esgidl development.
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Figure 51: Ranking of neighborhoods for impactrmireased traffic congestion as a
threat to enjoy Saguaro National Park.
Therefore, it can be concluded from this analyseé tn some cases neighbors perceive
the impact due to urban encroachment in their fmigiood at almost the same degree as
the increase in residential building developmerttibunany cases they perceive it at a

lower degree.
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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 &fd 2mages for six land cover
classes which are low intensity development, baarea, shrub land, forest, grasses and
woody wetlands. Two analysis methods were use@ctisubtraction method and 3x3
rectangular neighborhood focalmean function methéglng the park and its one mile
adjacent land together as the analysis area wheaot diubtraction method was used, it is
concluded that 20% — 100% change occurred in largas of forested land ( 2,785.95
ha), shrubland ( 2542.95 ha), low intensity develept areas ( 176.13 ha), and barren
areas ( 84.51 ha). The change that has occurg@gses (20.70 ha), and woody wetland

(7.74 ha), was relatively smaller.

Using a 3 x 3 rectangular neighborhood focalmeawctian method on the study area the
analysis shows detailed result for 10% — 20% chargke20% — 100% change. In this
analysis the area where changes have occurredalaost three times greater than the
change results of direct subtraction method fohdaad cover class but the trend of

change was the same.
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NLCD 1992 - 2001 retrofit change product was usadftdirther refined and more
accurate change analysis. Considering the parkitandne mile adjacent land as the
analysis area, this analysis reveals that urbaa m@eased 2.13%, agricultural lands
decreased 76.15% and forests also decreased 612¢¥&wous land cover class. Of this
huge amount of decreased agricultural land, 8.91%6laad in the agricultural
classification changed to urban and 70.12% of landhe agricultural classification
changed to grassland/shrub. Of forested lands,13676hanged to grassland/shrub and
.005% to barren. A small amount, 1.006%, of newedbrreplaced previous
grassland/shrub. A very small amount, 0.033%, afsgfland/shrub was converted to
urban.

Considering only the one mile adjacent land of plaek as analysis area for similar
analysis, it can be concluded that, urban area®ased by 2.45%, agricultural lands

decreased by 76.15% as well as forested landsl®)®from its previous class.

This analysis also revealed that no change occurreide the park for urban area,
wetland, and agricultural land. Barren area andsjaad/shrub however did increase
inside the park while forested lands decreased. dderease in agricultural area and
increase in urban area occurred solely within thdfeb study area. This result is
supported by an earlier study by Maiorano et @08 in 2.5 km buffer of protected
areas in Italy. Their study revealed that prote@eshs changed significantly less than

surrounding buffers for 10 years period in Italy.

Residential development encroachment on US prateateas was studied from year

1970 to 2000 i.e. 30 years period by Wade et 8092 They found almost 6% of total
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area changed from buffer to development within @&l land of protected areas.
They also projected that by 2030 (another 30 yemrsadditional 5% buffer area will be
changed as developed. If their study result ispamed with the current analysis result, it
is found that 2.45% increase in urban area in apmpately 10 years period ( 1992 —
2001) would be 7.35% in 30 years (if same rateinoas) surpasses the rate of 6%
and also the projected rate of 5%. Depending aos ¢tomparison it can also be

concluded that the urban growth rate is rapid endirrent study area.

6.1.2. Changes in Residential Development

Change analysis in building units (mostly housings) for the one mile adjacent land of
the park reveals that for ten year period (19920022 the number of building units

increased 49.94% in reference to year 1992. Feeefif year period (1992 — 2007)
building units increased 71.53% in reference tor yiE¥92. This is a dramatic change.
However, if incremental change is observed, ioisnd that for the first ten years, from
1992 to 2002, building units increased 49.94% faremce to year 1992 and for the next

five years, from year 2002 to 2007, it increase®2% in reference to year 2002.

Average housing growth per decade is 20.8% in drifates since 1940 (Radeloff, V. et
al. 2010). The results of this study when compared tat rate, it can be concluded that
in only 1 mile buffer of a protected area, the patage of building unit development is
extremely high. This is a dramatic and rapid iaseein urban development on the edge

of a protected area.
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For the first ten years a 5% increase in buildifigseach year on an average has
occurred. If that same rate would have followedrdthe next 5 years an estimated 25%
increase in buildings would occur. While this didtroccur, the average increase in
buildings per year decreased to approximately 3%h gaear. There could be several
possible reasons behind this drop in increase. P@umainty’'s Sonoran Desert
Conservation Plan came into action in around 199%ona Preserve Initiative also
introduced in around 1996. These two conservatimiive may have some influence
on this reduction. However, one might suspect thateconomy may have caused this
decrease but the timeframe of this analysis en@9@I. The economic downturn started

almost at 2007. Therefore, there might be littlpact because of the economy.

6.2. Neighbors’ Perceptions of Change

From neighbors’ response to the survey questioandircan be concluded that most
neighbors ranked “too many houses and roads”, ésmed traffic congestion”,
“diminished natural area or decreased natural gpace” and “loss of vegetation” as the
moderate threat to the opportuniteesd experiences they enjoy in Saguaro National Park
both as a neighbor and as a visitor to the parles@&hthreats are well represented and
supported within the literature. More interestinglye further away the neighborhood is
from the national park boundary; the less they gigexl these as being threats. The
people who choose to live within close proximitytieé park do so because they love the
natural beauty and serene environment. Among teporelents of this survey 95%

indicated that natural beauty was a major reasontty live near the park. Living close
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to nature (87%) and to live in a quiet place (86%® also strong motivations for
their living by SNP. Results suggest that thehertaway residents are from the park
boundary with more urban encroachment the moretadaghey are to such changes
while those that live within close proximity of tH®rder are more sensitive to such

changes that threaten the natural environment.

Increased traffic congestion is ranked as a moelé¢haeat by a high percentage of the
neighbors followed closely by loss of wildlife drgity and increased light and noise. In
response to a question regarding change in roadlamwent, 29% of the neighbors

perceived a small increase in road developmentevill¥i% neighbors indicated that they
see a very large increase. The neighbors that dniovieefore 90s have witnessed a very
large increase in road development and changdstareas they live in. These analyses
indicate that neighbors moderately perceive chanigesto urban encroachment in the

areas they reside.

Neighbors strongly agreed that increased urbaoizdias led to more impacts on local
wildlife due to increased housing development. 1IC8&% of the respondents ranked a
high degree of impact on wildlife diversity. Nontive birds are more likely to be seen in
the area where there is an increase in landscagegehand housing developments. .In
this study 56% of the total respondents observesnabive birds like European Starling
and House Sparrow in their neighborhoods. The meidioods within 2 mile radius of
SNP are among the highest that observe these foagisently. Neighborhoods further
than 2 mile radius of SNP indicated much lower nearabof observations then those

closer to the park boundaries. Scientific literagu(Manchester et al. 2000; Lever 2005;
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Mannan et al. 1989) have shown that non-nativesthal’e impact on native species.
The survey result of the current study stronglypsufs this literature suggesting that
non-native species replace native species as witeased urbanization in residential

areas.

While mule deer has been shown to be affected bgruencroachment (Bellantoni and
Krausman 1991 and USGS 2006 report), this studgddbat 66 % of the respondents
almost never observe them roaming around the nergblbd. A USGS (2006) report
concluded that the number of mule deer has decltheslighout the western United
States and indicated that habitat loss and habitahges are important reasons for
declining numbers of these animals. In additiongarier study by Tull and Krausman
(2001) at Avra Valley, Arizona examined mule deevement at field level and found
that because of increased pressure from urban aevent 22.4% mule deer avoided
adjacent land and used corridors to travel to arotindeveloped land for their
movement. Therefore, it could be concluded thateeithe mule deer population is
decreasing in the study area and/or they are triongvoid adjacent land because of
increased development, seeking a natural corrmget into the protected area or another

undeveloped area.

This study also found that only a small percenid®gs) of neighbors has ever observed
a desert tortoise in or around their neighborhdoctecent study on Desert Tortoise at the
SNP concludes with some anecdotal information atieitlisappearance or relocation of

tortoise from high housing density areas and masgs the relocated tortoises may not
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survive further (Schwalbe et al. 2010). This coafttount for the lack of desert

tortoise observations by respondents in their laeaghborhoods.

The biggest threat to domestic pets is suspected foom predators such as coyotes that
have been seen roaming the neighborhoods lookingr&y. Over 46% of the neighbors
have observed encounters between household petsil@nahimals suggesting that some
wild animals have adapted to urban developmentrengehold pets that are not kept

inside the homes.

6.2.1. Comparing Change in Residential Develagraad Neighbors’ Perception

In the cases like impact of house and road devetopion wildlife diversity, neighbors
perceive the impact due to urban encroachmentin tieighborhood at almost the same
degree as the increase in residential building Ideweent but in many other cases like
impact of increased traffic congestion and impddiminishing natural area, they

perceive it at a lower degree.

6.2.2. Support for Management Strategies

Two of the five strategies providing stronger conmication among a range of governing
authorities and increased public awareness thramtronmental education programs
were highly supported (45% support). Restrictiond@velopment was a little behind
(44% support). Respondents had mixed reactionglingato much less support for

financial incentives and community services (38%psut) and making maps and other
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information available (29% support). It is notickalthat there is difference in
neighbors’ response regarding reason for livingr tkea park and their support toward
putting restriction on development in the area. /5% respondents indicated that
natural and serine environment was a major reagotiving near the park, they were
supposed to be highly supportive toward any agtithtat contributes for preserving that
natural serine environment and the natural ressum&de it. However, in reality the
neighbors’ supported restriction on development hutvas not much support in

comparison to their support for choosing the aodave.

6.3. Conclusions
In conclusion it can be summarized that;

Changes have occurred over the landscape withimnoleeof adjacent lands to

the boundary of SNP East. Urban areas have inadestse rate of 2.45%, while

agricultural lands decreased by 76.15% followedalecrease in forested lands
by 6.19% from its previous class in one mile adpdand to the park from 1992 -

2001. Around 9% agricultural land converted to arbaring this time period as

well. In comparison to other research results, hi€s% increase in urban area
can be considered rapid.

Building units (mostly residential buildings) inesed dramatically by 71.53% in

this one mile buffer since 1992 to 2007.

Neighbors that live in adjacent lands perceive thare has been a moderate

degree of change due to urban development, roatisnfnastructure. However,
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the actual land use / land cover change is verygraerefore, speculation
can be made that the neighbors do not perceivelthrge at the same degree.

Extended effort is required to increase neighbav&greness.

Neighbors strongly perceive that increased residledevelopment has led to
adverse impacts on local wildlife citing the remlowh domestic pets by wild
animals, lack of sightings of mule deer and desentoise and the increased
presence of non-native bird species at the expehswtive birds’ species as
example of these impacts. Neighbors’ perceptionshef adverse impacts that
result from urban encroachment, varies with thpatial distance from the park
boundary. The neighbors that reside further peecdmss impact than the
neighbors that reside closer to the park boundary.

For impact of house and road development on wddtiiversity, neighbors
perceive the impact at almost the same degree easntrease in residential
building development but in many other cases Ikgpact of increased traffic
congestion and impact of diminishing natural arbay perceive it at a lower
degree.

Neighbors strongly support stronger communicatioatwieen authorities,
developers and neighbors and environmental educptiograms to minimize the

threats to SNP from increased residential growth.
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Future research needs to:

1)

2)

3)

Conduct field level study on impacts due to urbanctreachment on
specific wildlife related issues and other enviremal issues. This should
occur at the same time as neighbors perceptiongatieered so that a
comparison can be made between the two. Therefibis, can be
recommended that simultaneous study on specifid fevel change and
peoples’ perception on that particular change camrdnducted in future
which can reveal more useful result to portray pesigoerception while
recommending management strategy to minimize #méicplar urban
impact.

A more detailed session with focus groups and paakagement should
be undertaken to develop more inclusive and detailanagement options
and strategies.

A monitoring program should be established thaudes GIS analysis of
land cover/ land use change and continuing surféyeoneighbors’ of
protected areas undertaken simultaneously for@aemterval for many
years (for example 50 years, in a break perioddofelars or so) to

evaluate trends and quantify change.
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APPENDIX A

MODEL LAYOUT



137



138

APPENDIX B

SURVEY QUESTIONNAIRE FOR NEIGHBORS OF SAGUARO NATIO NAL
PARK EAST

Dear Saguaro National Park Neighbors,

Visitation to Saguaro National Park has increasederthan 50 percent since 1988.
The park’s General Management Plan documented &qii&,500 visits in 1990 to
over 3,424,000 in 1999. Park use is expected ttragnto increase at about the same
rate in the near future as Tucson attracts moroissand residents. Last year,
Saguaro National Park (SNP) was named by Tucsamati®e best place to take out-
of-town guests to see the desert, and this trehkkiy to continue.

While the park continues to see an explosion afarisise within its boundaries,
access from adjacent developments has become dine wfost important resource
issues the park faces today. In response to theiggressures from adjacent
developments, the park has turned to land acquisitio expand the park boundaries
in an effort to create a buffer to protect existaggsitive resources. The 1991
expansion area, while instrumental in protectingeraf the valuable Sonoran Desert,
has also provided the public with much improvedeasdo the park. Residents of the
new neighborhoods being built adjacent to the gagk appropriate access.

As development in the Rincon Valley increases themext 20 years, there will be
continued impact on natural resources within andide park boundaries. In order to
better understand the impacts of adjacent urbanthron protected areas and what
can be done to minimize the impacts, | am soligifrour opinion as a neighbor of
SNP. Please take the time to answer this shoreguithis will take only 10 to
15minutes of your valuable time. You have complete&l cost and no risk for
participating in this survey. This is 100% voluntarhese responses will be kept
completely confidential. We greatly appreciate ymsponse.

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 Segiational Park and
Surrounding Areas
2) Perception on wildlife and their habitat
3) Perceptions on possible conflicts
4) Perceptions on the possible ways for solvingcthélicts
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 Sagaro
National Park East? (Check all that apply)

The natural beauty of the area

Opportunity to live close to nature, desert plants and nagwvildlife
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 Natidrigark 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
1to 10
11to 25
26 to 50
Over 50

4) On a scale of 1 to 5 (one being not much threat and 5 beiniglh degree of
threat) rank each of the following threats that is interrupting the
opportunities and experiences you enjoy in Saguaro National Parks a
neighbor and also as a visitor?
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Too many houses, roads and other developments near plaek

boundary

Increased traffic and congestion in surrounding areas
Diminishing size of the natural areas surrounding thegpk
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 impactsat®
each one of the following impacts that you perceive as occurring 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 spaws in
your neighborhood? (On the attached map of the neighborhoods, gdse
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

House sparrow

EuronearStarlinc

2) Are you seeing more European starlings and House sparrows npthien at
the time when you first moved into this area?

Yes
No
Not sure
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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 areehere
you usually see them)

Almost all the time
Once in a week
Once a month
Once a year
Almost never

Mule Deer

4) Why do you think mule deer are coming around your neighborhod?

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 the
area where you usually see them)

Yes
No
Can not remember

Desert T Ortoise

6) Have you seen deadesert tortoise anywhere near your home or nearby
street?

(On the attached map of the neighborhoods, if you can please write@pin
the area where you usually see them)

Yes
No
Can not remember

Desert Tortois

7) If your answer is “yes” for the question above [the question aha dead
tortoise] do you know the reason of their death?

From some disease

Hit by a car
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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 neigbrhood
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 neighborhod 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, fiois,
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 setd
allowed to roam around outside freely)? (List all that apply)
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Have you ever noticed interactions between household pets (both yoarsd

other people’s) and wild animals (that roam around outside freely) @und your

neighborhood?
Yes
No

6) If you answered yes above, what are some specific pet-wilelproblems

you are aware of in your neighboring area? Please list and brigfdescribe
each.

Part 4: Perceptions on reducing possible conflicts

1) The following are examples of strategies Park and County magers might
use to minimize the impacts of near-by urban growth on Saguaroaional
Park East. Please indicate below the degree to which you would sugpeach
of these strategies.

Please circle one choice for each strategy

0
. | % 5. |85 |55 |33
Z |3 c2 /<8 |£8 8 |s&
5 |3 8% |83 |&a |3 |53
Stronger communication
1. between county authority, DK 1 2 3 4
park service authority,
developer and neighbors
regarding any change due to
urban development
making maps and otfr
2. information about the urban | DK 1 2 3 4
encroachment on the Park
available to neighbors and
other concerned citizens
Restrictions on development
3. and use in nearby areas DK 1 2 3 4

(including control of pets,
reduced roads and traffic, etc
to avoid harmful effects of
urbanization on Park resources
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4, Offer community services and DK 1 2 3 4

financial incentives for

developers and residents to

help avoid harmful effects of

urbanization

Environmental education
5. programs to motivate DK 1 2 3 4

neighbors and developers to
reduce negative impacts on the
Park

2) Please describe any other strategy that is not listed above and tlyau
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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APPENDIX C

NEIGHBORHOOD MAP
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APPENDIX D

STATISTICAL ANALYSIS RESULTS



Table 22: Group statistics of early respondentslatgdrespondents for their response to questid® (fvequency of SNP

East visit)
Partl: Q3 id of
participants N Mean Std. Deviation Std. Error Mean
Frequency of SNP East visit | >=70 11 2.73 1.272 .38¢
<70 68 2.59 1.17% .14p

Table 23: Independent samples t test results of espondents and late respondents for their respto question no.3
(Frequency of SNP East visit)

Levene's Test for
Equality of
Variances t-test for Equality of Means
95%
Confidence
Partl: Q3 Interval of the
Difference
Sig.
(2- Mean Std. Error
F Sig. t df | tailed) | Difference| Difference| Lower | Upper
Frequency| Equal .001 971 .36( 71 72D .139 .386  -.630.908
of SNP variances
East visit | assumed
Equal .340| 12.913 739 .13p 449  -.7451.024
variances
not
assumed

Note: Significant (2 tailed) value > .05 meansehey and late respondent groups have no signifidiffierence between them
for their response to the question.

67T



Table 24: Group statistics of early respondentslatgdrespondents for their response to questioh (Ranking threat to

enjoy SNP East)

Partl: Q4 id of Std. Std. Error
participants Mean Deviation Mean

Threat to enjoy SNP East (togl >= 70 11 2.73 2.054 .61P
many houses, roads and othe <70 6 583 175 51b
developments) ' T '
Threat to enjoy SNP East >=70 11 2.36 2.014 .60J7
(increased traffic) =70 64 > 88 1741 518
Threat to enjoy SNP East >=70 11 2.91 1.868 .56
(diminish natural area) <70 63 > 87 1821 53b
Threat to enjoy SNP East >=70 11 2.45 1.9613 .59B
(lossof vegetation) <70 63 2.62 1.698 21
Threat to enjoy SNP East >=70 11 1.64 1.502 4503
(barrier to enter the park) <70 63 157 118t 15b
Threat to enjoy SNP East >=70 11 2.82 1.722 510
(reduce opportunity to see =70 63 > 28 1691 >1B
wildlife) ) e '
Threat to enjoy SNP East (tog >= 70 11 1.73 1.55% .46P
many visitors) <70 64 1.70 1.13¢ 14p
Threat to enjoy SNP East (tog >= 70 11 1.55 1.214 .366
much noise) <70 64 1.88 1.39] 17b
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Table 25: Independent samples t test results of ezspondents and late respondents for their respto question no.3
(Ranking threat to enjoy SNP East)

Levene's Test for

Equality of
Variances t-test for Equality of Means
Partl: Q4 95% Confidence Interval of
Sig. (2- Mean Std. Error the Difference
F Sig. t df tailed) Difference | Difference Lower Upper
Threat Equal .629 430 -172 73 .864 -101 .586 -1.269 1.067
to enjoy variances
SNP assumed
East Equal -154| 12.623 .88( -.101L 697 -1.524 1.422
(too variances
many  not assumed
houses,
roads
and
other
develop
ments)
Threat Equal .645 425 -.88( 73 .38 -511 581 -1.670 647
to enjoy variances
SNP assumed
East Equal - 793 | 12.702 4472 -.511 .645 -1.908 .85
(increas yariances
ed not assumed
traffic)
Threat Equal .075 .784 .060Q 72 .95p 036 .599 -1.158 1.230
to enjoy variances
SNP assumed
East Equal .059 | 13.557 .954 .036 .609 -1.273 1.345
(diminis  yariances
h not assumed
natural
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Levene's Test for

Equality of
Variances t-test for Equality of Means
Partl: Q4 95% Confidence Interval of
Sig. (2- Mean Std. Error the Difference
F Sig. t df tailed) Difference | Difference Lower Upper
area)
Threat Equal 1.318 .255 -.29¢ 72 778 -.165 568 -1.297 .968
to enjoy variances
SNP assumed
East Equal -.261| 12.736 798 -.165 .631 -1.580 1.701
(lossof  yariances
vegetatl ot assumed
on)
Threat Equal .852 .359 .161 72 .878 065 404 -.740 .870
to enjoy variances
SNP assumed
East Equal .136| 12.280 .894 .065 A7 -971 1.101
(barrier  yariances
to enter not assumed
the
park)
Threat Equal .266 .608 .617 72 .53D 342 555 -.763 1.447
to enjoy variances
SNP assumed
East Equal .609| 13.600 .552 .34 561 -.865 1.549
(reduce yariances
OppOrtu ot assumed
nity to
see
wildlife
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Levene's Test for

Equality of
Variances t-test for Equality of Means
Partl: Q4 95% Confidence Interval of
Sig. (2- Mean Std. Error the Difference
F Sig. t df tailed) Difference | Difference Lower Upper
)
Threat Equal 2.040 157 .062 71 .95 .024 .392 -.7158 .806
to enjoy variances
SNP assumed
East Equal .049 | 11.904 .96 .02 490 -1.044 1.993
(too variances
many not assumed
visitors)
Threat Equal .079 .780 -.735 73 46 -.330 448 -1.223 564
to enjoy variances
SNP assumed
East Equal -.813| 14.953 424 -.33 405 -1.194 535
(too variances
much ot assumed
noise)

Note: Significant (2 tailed) value > .05 meansehey and late respondent groups have no signifidiffierence
between them for their response to the question.
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Table 26: Group statistics of early respondentslatgdrespondents for their response to questidn (itousing
development impact)

Partl: Q5 id of Std. Std. Error
participants N Mean Deviation Mean

Housing development >=70 11 3.73 1.34 A40[7
impact (wildlife diversity) <70 65 2 94 1.50 18l
Housing development >=70 11 2.73 1.348 40[7
impact (loss of vegetation) <70 65 279 1.526 18b
Housing development >=70 11 3.64 1.629 491
impact (increased traffic <70 65 338 1.548 19
congestion) ' ' '
Housing development >=70 11 1.91 1.814 .54f7
impact ( decrease access) <70 65 1.78 1.081 15b
Housing development >=70 11 3.18 1.471 444
impact (increase noise and< 70 65 299 1.524 18b
light) ' ' '
Housing development >=70 11 2.64 1.912 576
impact (decrease ~ _ 4, 65 2.03 1.479 188
opportunities for scenic
views of park)
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Table 27: Independent samples t test results of ezspondents and late respondents for their respto question no.3

(Ranking threat to enjoy SNP East)

Levene's Test for

Equality of
Variances t-test for Equality of Means
95%
. Confidence
Partl: Q5 Interval of the
Difference
Sig.
(2- Mean Std. Error
F Sig. t df | tailed) | Difference| Difference| Lower | Upper
Housing Equal .590 445 1.626 74 .10B8 789 485 -178  1.Y56
development variances|
impact assumed
(wildlife Equal 1.762| 14.584  .099 789 448 168 1.745
diversity) variances
not
assumed
Housing Equal .285 .595 .009 74 .998 .004 490  -.972 981
development variances
impact (loss assumed
of . Equal .009| 14.696 993 .004 448 -.953 962
vegetation)  ygriancesl
not
assumed
Housing Equal .030 .862 .495 74 .62p .252 508 - 761 1.265
development variances
impact assumed
(increased  gqual 477| 13.241] 641 25 527  -886 1.389
traffic variances
congestion) ot
assumed
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Levene's Test for
Equality of
Variances t-test for Equality of Means
95%
. Confidence
Partl: Q5 Interval of the
Difference
Sig.
(2- Mean Std. Error
F Sig. t df | tailed) | Difference | Difference| Lower | Upper
Housing Equal 3.353 .071 .280 74 .780 124 445 -762  1.011
development variances
impact ( assumed
decrease Equal 219 | 11.745 .831 124 570 -1.120 1.368
access) variances|
not
assumed
Housing Equal .004 .947 .523 74 .60p .259 495 -T7_7  1.244
development variances
impact assumed
(mprease Equal .537| 13.891 .60( .259 482  -776 1.294
noise and variances
light) not
assumed
Housing Equal 3.014 .087] 1.203 74 233 .606 .5p3 -.398 1.509
development variances
impact assumed
(decrease  Equal 1.001| 12.108  .336 .60B 605 -711 1.922
opportunities y5riances
for scenic not
views of assumed
park)

Note: Significant (2 tailed) value > .05 meanséhey and late respondent groups have no signifidiffierence
between them for their response to the question.
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Table 28: Group statistics of early respondentslaredrespondents for their response to questiomse@hbors’

perception on wildlife and their habitat

Part2 id of

participants Mean Std. Deviation  Std. Error Meah
Q1: Frequency observing >=70 9 1.89 1.269 428
ESHS <70 62 2.08 1.561 198
Q2: Frequency observing >=70 11 4.73 467 41
mule deer <70 69 4.52 744 08D
Q3: Reason of mule deer >=70 6 3.50 .8317 .34
coming around <70 51 2.90 923 12p
Q4: Frequency observing >=70 11 1.55 522 .15)
desert tortoise <70 69 1.74 474 05§
Q5: Frequency observing >=70 11 2.00 .00( .00p
dead desert tortoise <70 69 1.99 214 02k

LST



Table 29: Independent samples t test results of ezspondents and late respondents for their respto questions about
neighbors’ perception on wildlife and their habitat

Levene's Test for

Equality of
Variances t-test for Equality of Means
Part2 95% Confidence Interva
of the Difference
Sig.
(2- Mean Std. Error
F Sig. t df | tailed) | Difference| Difference| Lower Upper
Q1: Equal 2.370 .128| -.351 69 726 -.192 .546 -1.280 897
Frequency variances
observing assumed
ESHS Equal -410| 11.822  .684 -.19p 467 -1.211 .28
variances
not
assumed
Q2: Equal 2.805 .098 .891 78 .376 206 2381 -.254 665
Frequency variances
observing assumed
mule deer gqyal 1.233| 19.147 232 206 167 -.143 5§54
variances
not
assumed
Q3: Equal .158 .692| 1.515 5% .136 598 395 -.193 1.889
Reason of variances
mule deer assumed
coming Equal 1.638| 6.518 .14¢ .598 .365 -.279 1.475
around variances
not
assumed
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Levene's Test for
Equality of
Variances t-test for Equality of Means
Part2 95% Confidence Interva]
of the Difference
Sig.
(2- Mean Std. Error
F Sig. t df | tailed) | Difference| Difference| Lower Upper
Q4: Equal 1.499 225 -1.241 78 218 -194 .16 -.504 417
Frequency variances
observing assumed
dese_rt Equal -1.156| 12.772 .269 -.194 .167 -.556 69
tortoise  yariances
not
assumed
Q5: Equal .875 .352 .228 78 .820 .014 .064 -112 141
Frequency variances
observing assumed
dead Equal 575| 68.0000  .567 014 025 -.036 065
desert variances
tortoise not
assumed

Note: Significant (2 tailed) value > .05 meanséehey and late respondent groups have no signifidiffierence
between them for their response to the question.
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Table 30: Group statistics of early respondentslatedrespondents for neighbors’ response on pessiinflict with

wildlife
Part3 id of
participants N Mean Std. Deviation Std. Error Mean
Q1: Noticing increase in road>= 70 11 3.55 1.36 4108
development <70 69 3.71 1.47 17B

Table 31: Independent samples t test results of emBpondents and late respondents for neighbesgonse on possible
conflict with wildlife

Levene's Test for

Equality of
Variances t-test for Equality of Means
Part3 95% Confidence
Si Interval of the
g. iff
(2- Mean | Std. Error Difference
F Sig. t df | tailed) | Difference| Difference| Lower Upper
Q1: Equal 331 567 -.347 78 730D -.185 475 -1.110 .J81
Noticing variances
increase in  assumed
road Equal -.367| 13.984 719 -.165 449 -1.128 799
development  ariances
not
assumed

Note: Significant (2 tailed) value > .05 meansehey and late respondent groups have no signifidiffierence between them
for their response to the question.
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Table 32: Group statistics of early respondentslatedrespondents for support on management sigateg

authorities

communication among

Part4 id of Std.
participants Mean Deviation Std. Error Mean
Q1: Neighbors' support >=70 11 3.73 467 141
on stronger <70 69 3.13 1.042 125

Table 33: Independent samples t test results of emspondents and late respondents for neighbesgponse on management

strategies
Levene's Test for
Equality of
Variances t-test for Equality of Means
Part4 95% Confidence
Interval of the
Sig. (2- Mean | Std. Error Difference
F Sig. t df tailed) | Difference| Difference| Lower Upper
Q1: Neighbors' Equal 2.210 141 1.862 78 .066 597 .3p0 -.041 1.p35
support on variances
stronger assumed
communication gqug| 3.165 29.435 .004 5917 .189 211 .982
among variances
authorities not
assumed

Note: Significant (2 tailed) value > .05 meanséehey and late respondent groups have no signifidiffierence between them
for their response to the question.
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Table 34: Group statistics of early respondentslatedrespondents for support on management sigateg

Part4 id of
participants N Mean Std. Deviation Std. Error Mean
Neighbors' support on >= 70 11 3.36 674 .20B
making map and other _ 7, 69 2.43 1.46( 17p
info available

Table 35: Independent samples t test results &f e=spondents and late respondents for neighbesponse on management

strategies
Levene's Test for
Equality of
Variances t-test for Equality of Means
Part4 95%
Confidence
Sig. Interval of the
(2- Mean Std. Error Difference
F Sig. t df | tailed) | Difference| Difference| Lower | Upper
Neighbors'| Equal 9.131 .003| 2.067 78 .042 .929 449 .034 1.824
support on| variances
making assumed
map Q”d Equal 3.456| 28.223 .002 .929 .269 379 1.479
otherinfo | yariances
available | ot
assumed

Note: Significant (2 tailed) value > .05 meansehey and late respondent groups have no signifidiffierence
between them for their response to the question.
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Table 36: Group statistics of early respondentslatedrespondents for support on management sigateg

Part4 id of
participants N Mean Std. Deviation| ~ Std. Error Meanh
Neighbors' support or] >= 70 11 3.45 .82( .24\
restriction on <70 69 2.84 1.19¢ 14l
development

Table 37: Independent samples t test results of e=spondents and late respondents for neighbesgponse on management

strategies
Levene's Test for
Equality of
Variances t-test for Equality of Means
95%
Part4 Confidence
Interval of the
. Difference
Sig.
(2- Mean Std. Error
F Sig. t df | tailed) | Difference| Difference| Lower | Upper
Neighbors'  Equal 2.618 .110] 1.634 78 .105 .614 375  -.132 1.B60
supporton  variances|
restriction assumed
on Equal 2.146| 17.629 .046 .614 .286 012 1.716
development  5riances
not
assumed

Note: Significant (2 tailed) value > .05 meansehey and late respondent groups have no signifidiffierence
between them for their response to the question.
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Table 38: Group statistics of early respondentslatedrespondents for support on management sigateg

Part4 id of Std.
participants N Mean Deviation Std. Error Mean
Neighbors' support on >= 70 11 3.36 .674 .208
community service 7 69 2.65 1.304 15[

Table 39: Independent samples t test results of emspondents and late respondents for neighbesgponse on management

strategies
Levene's Test for
Equality of
Variances t-test for Equality of Means
Part4 95% Confidence
Si Interval of the
g. .
(2- Mean | Std. Error Difference
F Sig. t df | tailed) | Difference| Difference| Lower Upper
Neighbors' Equal 8.529 .005 1.764% 78 .081 711 403 -.091 1.b14
support on variances
community assumed
service Equal 2.770| 24.221 .011 71 .287 182 1.441
variances
not
assumed

Note: Significant (2 tailed) value > .05 meansehey and late respondent groups have no signifidiffierence between them
for their response to the question.
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Table 40: Group statistics of early respondentslatedrespondents for support on management sigateg

Education program

Part4 id of
participants N Mean Std. Deviation Std. Error Mean
Neighbors' support on >= 70 11 3.18 .982 .29p
Environmental <70 69 2.94 1.211 14

[e2)

Table 41: Independent samples t test results of emspondents and late respondents for neighbesponse on management
strategies

Levene's Test for

Equality of
Variances t-test for Equality of Means
Part4
Sig. 95% Confidence Interval of
(2- Mean | Std. Error the Difference
F Sig. t df | tailed) | Difference| Difference| Lower Upper
Neighbors' Equal 1.104 297 .624 78 .53b .240 .384  -526 1.005
support on variances
Environmental assumed
Education Equal 727 | 15.311 AT .240 330 -.462 942
program variances
not
assumed

Note: Significant (2 tailed) value > .05 meansehey and late respondent groups have no signifidiffierence between them
for their response to the question.
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