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Introduction 

Rapidly changing climate, development of land, and growing populations pose increasing 
conversion risks for habitats and associated fauna managed by conservation agencies such as the 
National Park Service (NPS) (Monahan et al. 2012; Svancara et al. 2009; Theobald 2010). 
Climate change effects are expected to impact Southwestern United States more greatly than 
other areas in the continental U.S. Most climate change projection models for the Southwest 
estimate less precipitation (Christensen et al. 2007; Seager et al. 2007) and increased droughts 
(Seager et al. 2007). In fact, many models predict a 3-6 oC increase over the next 100 years 
(Kupfer et al. 2005), creating stress on vegetation communities and those species that have 
coevolved within those habitats, especially ones located at higher elevations (NPS-SODN 
2014a). Climate change will affect a variety of freshwater and terrestrial ecosystems (Scholes 
and Settele 2014), threatening species that rely upon unique habitats such as sky islands 
(McCormack et al. 2009).  
 
“Sky islands” originally coined by Weldon Heald (1951) refer to high-elevation habitats that are 
isolated by valleys and act as barriers to dispersal due to inhospitable lowlands (e.g. plateaus, 
ridges, paramos, and alpine meadows) (McCormack et al. 2009). However, in some cases, these 
valleys can provide a bridge for dispersal depending on the area and ecology of the species. 
Although isolation has facilitated divergence (e.g. avian species in New Guinean montane 
habitats (Mayr & Diamond 1976), the connectedness between isolated habitats has also been 
shown to impact a species' population structure and distribution (DeChaine and Martin 2005). 
This dynamic interplay of processes can result in high endemism (e.g. vertebrate species in 
Tanzania and Kenya (Burgess et al. 2007)); various taxa in the Mexican sky islands (Peterson et 
al. 1993), and due to the isolation of populations, sky islands can provide a window into 
evolutionary processes and diversity through the divergence of populations that harbor unique 
genetic and phenotypic diversity (McCormick et al. 2009). 
 
Throughout the world there are approximately 20 sky island complexes, each with a distinct 
origin, spatial arrangement, age, and climate history (see McCormack et al. 2009 and Warshall 
1995 for some examples). Of these, the Madrean Sky Island region extends from southeastern 
Arizona and southwestern New Mexico, US, and northwest region of Sonora and Chihuahua, 
Mexico (Figure 1).  
 
The United States portion of the Madrean complex is composed of 30-40 forested continental 
islands separated by mountains and valleys (Warshall 1995), encompassing a total area of 40,536 
km2 (Warshall 1995). It is surrounded by two of North America’s intervening deserts and 
grasslands that meet at the confluence of four major ecosystems: the Colorado Plateau, the Sierra 
Madre Occidental, and the Sonoran and Chihuahuan deserts (Patrick-Birdwell et al. 2012). It is a  
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Figure 1. The Madrean Sky Island region is one of the most unique systems in the world. 

critically important continental bridge between two major mountain ranges: Rocky Mountains to 
the north and Sierra Madre Occidental to the south (Patrick-Birdwell et al. 2012). The region is 
oriented along a north – south axis, providing more climatic variation spanning temperate, 
subtropical, and tropical latitudes. It is the world’s only sky island complex to span two 
biogeographical regions containing two major floristic (Neotropic and Holarctic) and two major 
faunal realms (Neartic and Neotropic) (Warshall 1995). Its position is located in relation to three 
major storm fronts resulting in highly variable rainfall and temperatures even within a small area 
(Coe et al. 2012). Due to the convergence of weather patterns, flora and faunal realms, and 
climatic conditions, this region is a “megadiversity” center resulting in “greater species richness, 
greater endemism, more clinal variation, more biogeographical specialties, and unique cultivars 
compared to other inland terrains” (Warshall 1995). As a result of the unique habitat in this 
area, there are a high number of federally protected lands along the U.S. – Mexico international 
border that include national wildlife refuges, wilderness areas, national monuments, riparian 
national conservation areas, and national parks in both countries (SIA 2011). Furthermore, in 
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2005, the Madrean pine-oak woodland was designated a biological hotspot by Conservation 
International (Patrick-Birdwell et al. 2012), and Birdlife International (2014) designated 
Mexico’s Sierra Madre Occidental as an Endemic Bird Area.  
 
Within this archipelago, Saguaro National Park’s (NP) Rincon Mountain District (RMD) is one 
of the Madrean sky islands in the U.S.; however, the park’s other district, Tucson Mountain 
District, is located in the Sonoran Desert ecosystem only and is not considered to be one of the 
sky islands. Both park districts are located just outside Tucson, Arizona city limits in Pima 
County (Figure 2). 

 
    Figure 2. Saguaro National Park's mountain districts are separated by the city of Tucson, Arizona. 

RMD was established in 1933 (and TMD was added to the park at a later date) to preserve and 
protect saguaro cacti, diverse biotic communities, cultural and archeological features, and 
scientific, scenic, and wilderness values (NPS 2014a). Between the two districts’ 37,005 ha, they 
support five biomes, which are characterized by distinct vegetation communities and ecological 
diversity. The biomes within RMD, from lowest elevation to highest, are thornscrub, semi-desert 
grassland, interior chaparral, Madrean (oak-pine) woodlands, and temperate forest biomes, 
ranging from 814 – 2641 meters in elevation (Figure 3). This includes all of the globally 
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recognized biomes except 
for the tundra (NPS-SODN 
2014b). These communities 
are under threat from a 
variety of human impacts 
that include climate change, 
land use change and 
population increases.  
 
Human Impact Threats on 
Saguaro National Park 
According to the IPCC 
(2014), both climate and 
land use changes have 
resulted in increased 
frequency of droughts and 
aridity in drier climates 

(Scholes and Settele 2014). Monahan and Fisichelli (2014) found that climatic conditions around 
the NP have already shifted beyond the historical range of variability, with four temperature 
variables representing the warmest on record. 
 
Surveys of present day sky island plant distributions compared to those taken in 1963 revealed 
that the Southwest is experiencing rapid vegetation changes with significant upward movement 
of lower elevation boundaries and contractions in elevational range as a result of a decrease in 
mean annual rainfall and a 0.25°C/decade increase in mean annual temperatures (Brusca et al. 
2013). Thus, areas most at risk are those located at the higher elevations, with even small 
increases in temperature likely pushing existing habitats higher, potentially leading to local 
extinctions of species (NPS-SODN 2014b). The NPS’ Sonoran Desert Inventory and Monitoring 
Network (SODN) analyzed 100 years of Sonoran Desert vegetation data in three different plant 
communities, comparing change in plant cover to annual precipitation and temperatures. They 
found that a decrease in abundance of dominant Sonoran Desert plants in years with high 
temperatures has occurred (NPS SODN 2012).  
 
Although these resilient sky island systems have endured large-scale shifts in climate throughout 
the Pleistocene, the quickened pace of human-induced climate change may have potentially 
devastating consequences to their biodiversity and evolutionary potential (McCormack et al. 
2009).  
 

Figure 3. The Rincon Mountain District contains five of the world's 
biomes. 
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Land cover/land use change and population growth alter ecosystem functions through habitat 
fragmentation and land cover conversions. These impacts reduce connectivity between habitats, 
food sources, and protective vegetative cover for native species (Monahan et al. 2012). Changes 
in land use have been small between 1973 and 2000 for the Madrean Archipelago due to sparse 
population throughout the ecoregion, mountainous terrain, lack of water, and high percentage of 
federal lands (Ruhlman et al. 2014). Any changes that did take place resulted primarily in the 
conversion of grassland/shrubland to mining and agriculture. However, in general, population 
has been increasing rapidly throughout Arizona, especially in areas surrounding Tucson and 
Phoenix. Between 1950 and 2000 there was a 584% increase in population (Pima County 
Association of Governments n.d.), and the U.S. Census Bureau’s (2005) interim state population 
projections predict Arizona to be the second highest state for population growth between 2000-
2030, increasing by 109% (U.S. Census Bureau 2012). Monahan et al. (2013) examined 
landscape dynamics surrounding the NP and reported that when the park was established in 
1933, the city of Tucson had a population less than 40,000, with dirt roads separating the park 
from the city (Monahan et al. 2013). Now, with rapid urbanization and ever-increasing rates of 
population growth, species are threatened.  It is anticipated that population growth will continue, 
in particular throughout the areas adjacent to both park districts.  
 
The increased development has occurred in the form of residential and commercial buildings as 
well as in the number and size of roads. Direct impacts of roads on wildlife species include 
mortality due to collisions, whereas, indirect impacts include behavioral changes such as traffic 
noise avoidance. Traffic-independent impacts include increasing edge effects that result from the 
fragmentation of habitats, which have been known to alter species populations by increasing bird 
predation by domesticated cats and/or by altering mammal movements (Monahan et al. 2012). 
Recently, Swann and Perkins (in Gottfried et al. 2013) conducted a camera trap study in Saguaro 
NP to systematically document the diversity and distribution of mammals and found that several 
species may already be extirpated as a result of increasing urbanization shifting species 
movements and/or decreasing available habitat. 
 
Species vulnerability 
With the threats of changing climate, increasing population growth, and rapid land use/cover 
conversions from natural to developed, conserving species in areas most critical to their survival 
needs is of utmost importance. Understanding how and where these rapid changes will impact 
species the most is important for developing adaptive conservation management strategies.  
 
In 2000, Pima County developed a Sonoran Desert Conservation Plan (SDCP) in response to 
rapid land use and climate changes that included over 200 technical reports addressing elements 
such as critical habitats, biological corridors, riparian areas, and mountain parks throughout the 
county (Pima County 2014). The overall biological goal of the plan was to ensure long-term 
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survival of native species and their environments by identifying areas that will remain natural 
(Pima County 2014). Studies that focused on mammal movements (e.g., jaguars and black bears) 
throughout the Madrean Sky Island region identified regions that are the “seas” (grasslands) 
between sky islands as areas in need of conservation. Atwood et al. (2011) modeled the 
connectivity of black bears throughout the sky island archipelago and identified the corridors 
most often occurred within the lower elevation desert and desert-scrub environments. 
Specifically, jaguar was recorded by camera traps, occurring in close proximity to water sources, 
which were often located at lower elevations (Atwood et al. 2011) and associated with riparian 
habitat. For mammal movements, it appears as if urbanization / development throughout the 
areas identified as habitat corridors will be the most threatening factor to the continued existence 
of the species. 
  
The Audubon Climate Report (2014) identified 314 North American bird species that are most 
threatened by climate change, 50 of which are either threatened or endangered as a result of 
climate change in Arizona. Comparing Saguaro’s bird list (Certified Species List 2014) to the 50 
species listed in the Audubon Climate Report, 24 are in common. Falk (2013) posits that it is a 
combination of climate change and severe disturbances, such as high severity fires or insect 
outbreaks, which are often influenced by land use changes, that will largely influence ecosystem 
changes throughout the Madrean Sky Island complex. Others assessed climate change 
vulnerability throughout the desert southwest (Coe et al. 2011; Comer et al. 2012; Scholes and 
Settele 2014) and land use change throughout national parks (Hansen et al. 2014), predicting 
negative impacts to species, especially ones located at higher elevations. Saunders et al. (2009) 
identified Saguaro NP as one of 25 parks most at risk due to climate change, including the 
possible extirpation of the iconic Saguaro (Carnegiea gigantea), and Hansen et al. (2014) 
identified the park as one of the most threatened national parks due to land use change.  
 
The National Park Service’s Climate Change Action Plan (2012-2014) encourages parks to 
assess vulnerability of park natural resources and requires knowing what resources are 
vulnerable and where to focus conservation efforts. While there are many uncertainties about 
species responses to climate and land use changes, flexible management approaches will 
undoubtedly need to be factored into any conservation strategy. However, most protected areas 
are not self-contained ecosystems, and many of those species that utilize resources within 
protected areas are also dependent upon resources located outside political boundaries to fulfill 
some phase of their life cycle. The General Accounting Office (1994) identified fewer than 10% 
of endangered species within the U.S. occurred exclusively on public land, and due to human 
activities, it is estimated that two in every three species are in decline (Actionbioscience 2015). 
This loss of biodiversity has been identified as an important contributor to the decline of key 
ecosystem services that humans rely upon for medicine and agriculture and that other species 
depend upon for their survival needs and processes (Millennium Ecosystem Assessment 2005).  
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Couple these facts with an ever-increasing human population that poses conversion risks for 
habitats and associated fauna surrounding protected areas, many resources are in peril, likely 
resulting in extirpation or extinction of populations (Monahan et al. 2012; Svancara et al. 2009; 
Theobald 2005; Theobald 2010). 
 
Proactive management strategies need to be employed that engage local citizens in conservation 
efforts. Communities throughout Tucson, specifically those surrounding Saguaro NP, appear to 
be supportive of conservation efforts. One proactive approach is to identify areas predicted to be 
the most impacted by future threats and identify the characteristics of residents within those areas 
to develop effective outreach strategies for increased public involvement. This type of 
information could be used within an conservation adaptation-planning context to increase habitat 
connectivity, prioritize species monitoring locations, and mitigate threats when and where 
feasible. 
 
Tucson Conservation 
Tucson’s conservation ethic can be traced back to as early as 1961 when the Rincon Area Plan 
was the first developed through the Pima County planning process that focused on environmental 
and lifestyle issues. The plan was developed using a review committee comprised of citizens 
who requested the consideration of future land use planning (Behlau 2000) “to relate residential 
densities to topography and to minimize grading for the protection of public health and desert 
vegetation. Another consideration was to include a provision for developing a range of 
affordable housing types within the planning area” (p. 107 Behlau 2000). However, the 
committee was in disagreement over planning recommendations for an area near Saguaro NP’s 
RMD.  
 
A Ranching interest group wanted the area near the park to be zoned as general rural instead of 
suburban ranch and requested a separate plan for what became the Rincon Valley Area Plan 
(Behlau 2000). Owners of undeveloped land within the planning area desired higher residential 
or business zoning. Eventually the plan was approved, although controversially, subdividing the 
traditional 16-ha-plus ranches into 4-8 ha ‘ranchettes’ (Briggs et al. 1997). The plan was updated 
in 1979, and by the 1980s, several ranches were divided into 0.40-ha private residential 
neighborhoods (A. Gibson, per comm., 1996 as cited in Briggs et al. 1996). The 1979 plan 
remained the official one for the Rincon area until October 1992; the decade in which the City of 
Tucson reached Saguaro NP’s RMD. 
 
In the early 90s, and more than 25 years in the making, a planned resort and residential 
development south of the RMD was initiated. It was a contested project – one of preservation 
versus development, but in the end, the Rincon Institute, which is a non-profit environmental 
group, was created to guide the development in a more environmentally sensitive way. The 



 9 

original development plan was scaled back from 21,000-units to 2,000-3,000 homes, from four 
resorts to one, from three golf courses to one, and from 243 hectares of shopping centers to a 20 
to 30.4 hectare commercial center and smaller areas of commercial developments (Davis 2013). 
In addition, the park purchased approximately 769 hectares (1,900 acres) of high quality riparian 
habitat, which was originally part of the development, expanding the park’s southern boundary. 
Riparian habitat in Arizona is one of the highest priority habitats for protection, supporting 60-
75% of all Arizona species during some phase of their life cycles (Pima County nd). 
 
Tucson Resident Perceptions and Attitudes of Wildlife and Urban Encroachment 
Public surveys of residents surrounding Saguaro NP have been conducted (Harris and Shaw 
1997, Yeasmin 2011, and Casey et al. 2005) in addition to numerous other surveys in other 
locations (Thornton and Quinn 2009, Shumway et al. 2014, McFarlane et al. 2007) to gauge 
attitudes and perceptions about wildlife and impacts from urban encroachment as well as 
perceptions about protected areas. 
 
Yeasmin (2011) analyzed land use change and surveyed residents mostly within a 3.2 km (2 mi) 
mile area (a slightly larger area was surveyed to the south) surrounding RMD. Residents were 
asked about their perceptions of wildlife and their habitats, possible conflicts with wildlife, 
possible solutions, and basic personal information such as gender and education level as well as 
how frequently they visited the park. Residents were also polled to determine ways to minimize 
the impacts of near-by urban growth on RMD. 
 
The study revealed that residential buildings increased dramatically (71.53%) within the study 
area from 1992 to 2007, resulting in very rapid land use changes. The residents within the same 
area believed that increased urbanization negatively impacted local wildlife but only moderately. 
Neighbors greater than two miles from RMD were even less likely to believe that housing 
developments, in particular, were as serious of a threat to local wildlife. Residents were also 
asked about their perceptions on reducing possible wildlife conflicts in various ways, including 
placement of road developments, managing pets, and the frequency of observing selected 
wildlife species, both dead and alive. They perceived impacts from housing and road 
developments on wildlife diversity to be the same degree as the land use change, which was 
moderate. Residents also ‘strongly supported’ increased communication efforts between 
authorities, developers and neighbors, and environmental education programs to increase 
awareness relative to urbanization effects on protected areas and species (Yeasmin 2011). 
 
Harris and Shaw (1997) conducted a public perception survey within a 1.6 km (1 mi) zone of 
large federal protected areas throughout Tucson, Arizona. The survey was intended to identify 
resident interests in wildlife and their attitudes toward the protected areas and developments in 
their neighborhoods. Living near protected areas was very important to residents and was a 
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factor in choosing where they lived. Over 91% of residents had a scenic view of a protected area, 
and while hiking was identified as a popular recreational activity, it occurred infrequently.  
 
Residents believed that their proximity to protected areas increased the amount of wildlife in 
their neighborhoods, and most of the residents provided food and/or water (80%) for wildlife, but 
only 8% provided water using Arizona Game and Fish Department’s recommended method. 
Residents believed that low density housing (1 acre+ per house) was the most appropriate zoning 
for land close to protected areas. Free-roaming dogs were often observed and perceived 
unfavorably by residents. Most supported regulations that would prohibit unleashed dogs. Most 
residents were also concerned about pet (e.g., cats, dogs) predation by wildlife and damage to 
such things as gardens and electrical wires. Additionally, some residents identified sounds 
originating from coyotes and woodpeckers as undesirable. 
 
Another survey conducted by Casey et al. (2005) assessed the knowledge and attitudes of 
residents toward mountain lions (Puma concolor) in the area surrounding Tucson. There was 
local support for mountain lion conservation efforts; however, knowledge about the mammal’s 
biology was minimal. Most of the respondents (76%) believed increased environmental 
education opportunities would benefit their understanding of mountain lions and conservation. 
Some commonalities between the Tucson-area public surveys included a great appreciation for 
the natural beauty and quiet that protected areas offered. Living near a protected area and the 
associated aesthetics were major determining factors for where residents chose to live. Also, 
while there seemed to be an inherent conservation ethic shared among residents, the wildlife 
impacts from urbanization, degree of urbanization, and wildlife biology were not well 
understood. 
 
Socio-economic and Demographics of Park Users (proxy for local residents) 
Many socio-demographic variables influence both interest and use of parks by local and non-
local residents. These include age, sex, race, ethnicity, and household composition, as well as 
socio-economic factors such as education, income levels, disability, and home ownership. Other 
user-centered variables also potentially influence park use, including residential location, 
physical mobility (e.g., car-ownership), time resources (e.g., working poor), attitudes towards 
nature, and leisure preferences. For example, Niepoth (1973) suggested that, among other 
factors, physical fitness, age, income, time, knowledge/awareness, and skills are important 
correlates of park use.  
 
Leisure researchers find that various ethnoracial groups exhibit distinct preferences for leisure 
settings, have diverse reasons for visiting parks, and favor different activities (for detailed 
reviews, see Husbands and Idahosa 1995; Floyd 2001). African-Americans reputedly enjoy more 
sociable, sports orientated, urban park settings, whereas Whites are said to focus on 
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individualism and apparently prefer settings that offer secluded nature experiences and dog-
walking (Washburn 1978; Hutchison 1987; Taylor 1989; Talbot and Kaplan 1993; Johnson et al. 
1998; Floyd and Shinew1999; Virden and Walker 1999; Tierney et al. 2001; Gobster 2002; 
Payne et al. 2002; Ho et al. 2005). Asians appear to value ‘scenic beauty’ over recreational 
functionality (Gobster 2002; Payne et al. 2002; Ho et al. 2005), whereas Latinos are said to 
desire ‘a more developed environment’ with good access to group facilities such as parking, 
picnic tables and restrooms for informal social activities (e.g., picnicking with extended family 
groups) (Baas et al. 1993; see also Hutchison 1987; Irwin et al. 1990).  
 
Thus park use incorporates elements of:  
(1) the socio-demographic characteristics of park users and non-users – as suggested by leisure 
research;   
(2) the political ecology and amenities of the park itself – e.g., landscape design, vegetation, and 
facilities, features of surrounding neighborhoods and land uses, management regime;  
(3) the historical and cultural landscapes of park provision – such as discriminatory land-use 
practices, philosophy of park design, or politics of development; and 
(4) individual perceptions of park spaces – eg, accessibility, safety, conviviality, or sense of 
welcome, all mediated by personal characteristics, and the park’s political ecology, history, and 
cultural landscape. 
 
Through leveraging leisure research information about park users, conservation agencies can 
customize outreach messaging to local residents residing in areas of high conservation potential. 
And since very few protected areas are large enough to encompass self-contained ecosystems, 
they must rely upon the larger, surrounding areas and local partnerships to support the life cycles 
of the species important to an area (Coggins 1987). Saguaro NP staff reinforced this concept 
when they stated that “collaboration with organizations, communities, and other partners as one 
of the most important means to mitigate the cause of global climate change and adapt to its 
effects.” They further stated that the scale of climate change impacts far exceeded the ability of 
any one organization to effectively respond and that an integrated, cooperative adaptive strategy 
applied across large geographic areas would provide more informed, comprehensive, and 
successful results” (NPS 2014, p.16).  
 
Develop Decision Support Framework for Conservation Efforts  
Thus, the primary goal of this study was to develop a decision support framework for park staff 
to target conservation outreach efforts with local residents surrounding RMD. By integrating an 
ecological perspective that extended beyond park administrative boundaries and using existing 
GIS data sets to assess high species rich areas, unprotected areas, and high projected housing 
density locations, the areas where conservation efforts should be focused were identified. Using 
socioeconomic and demographic data for the populations within those identified areas provided 
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information on who lived in those high priority areas. The results were combined in a decision-
support matrix, containing information to help managers effectively develop and target outreach 
efforts to achieve conservation goals. 
 
Methods and Results 
The methodology, data sets and interim results of the study are summarized in the following 
steps and shown in Figure 7. 

Step 1: Added RMD boundary and created a 1.6 km (1 mi) buffer. Pima County supervisors 
identify a one-mile buffer around protected areas as high priority conservation zones, which 
became the study area for this project (refer to Figure 4). 

Step 2: Added species richness and protected areas data and clipped both data sets by the study 
area. 

Species Richness Data Set: As part of the effort to develop a conservation plan for Pima County, 
county officials identified the most vulnerable plants and animals throughout the county. Forty-
four species (4 plants, 7 mammals, 8 birds, 5 fish, 2 amphibians, 6 reptiles, and 12 invertebrates) 
were selected based on their current, anticipated, or possible designation as a Threatened or 
Endangered species and because of their anticipated decline as a result of proposed activities 
related to development and associated infrastructure projects (Huckelberry 2008). Fifteen of 
these species have been documented within RMS, with one species, Gila topminnow, being 
already extirpated from the park. The potential habitat for each species was modeled at a 
resolution of 9.3 hectares (23 acres) and compiled into one data layer that was used to determine 
the areas of high biological value within the interactive zone. Key environmental characteristics 
that comprised each species’ habitat were identified. These characteristics included vegetation / 
land cover, streams, groundwater, elevation, slope, aspect, geology, and soils data. A total of 115 
characteristics were scored as potential habitat for each species, resulting in a habitat matrix. The 
matrix defined the model’s parameters for GIS grid analysis, using 100 m grid cells. Grids for 
each species were “stacked” and summed to represent all applicable characteristics for each 
species resulting in the habitat model (Pima County 2001).  

Step 3: Erased the protected areas from the species richness data set, which resulted in the 
unprotected species rich areas output. 

Protected Area Data Sets: Areas outside RMD’s boundary differ by ownership and management 
mandates but remain critical for many park species’ survival. Using Pima County’s data set that 
included the Protected Areas Database of the US (PAD-US) from the USGS’ Gap Analysis 
Program (2012) and additional county lands identified for mitigation purposes, the lands that 
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were either currently protected or identified for future protection were erased from the species 
richness layer, leaving only those areas without any planned protection.  

Step 4: Converted the unprotected species rich area from polygon to raster. 

Areas of High Biodiversity with No Protection 
The locations within the study area (i.e., interaction zone) with the highest species richness and 
no current or future protection status are shown in Figure 4. The highest species diversity areas 
were located to the northwest and southwest of RMD’s boundary. 

 
 Figure 4. Areas of high species richness without current or future protection. 

Step 5: Extracted SERGoM data by mask, using the study area as the mask. 

SERGoM Data Set: Future land use change and population increases were represented as 
projected housing density rasters (100 m resolution) for 2000, 2010, 2020, 2030, 2060, and 2090 
based on Theobald’s (2005) Spatially Explicit Regional Growth Model (SERGoM) (NPS 
2014b). SERGoM forecasts changes on a decadal basis using county specific population 
estimates and variable growth rates that are location-specific. Distribution of projected growth 
was based on accessibility to the nearest urban core, defined as development >100 ha. The model 
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assumed that housing density would not decline, which is consistent with population projections 
throughout all of Arizona (Pima Association of Governments n.d.). Spatial Analyst’s ‘extract by 
mask’ tool was used to clip the raster to the study area. 

Step 6: Raster Calculator was used to determine the percent change between the current (2010) 
and 2000, 2020, 2030, 2060 SERGoM data sets. Based on the results, the raster for 2010/2060 
percent change was used since all remaining years analyzed showed growth throughout the same 
areas as 2060, but 2060 represented the largest area (i.e., cumulative projected growth).  

Step 7: Used Raster Calculator to add the SERGoM 2010/2060 percent change raster to the 
unprotected species rich areas raster, which created the ‘High Priority Conservation Areas’ 
shown in Figure 5. 

The results for the percent 
change in housing growth 
analysis, using the 
SERGoM data revealed 
areas of highest growth for 
all years of analysis within 
the study area, occurred in 
the southwest region of the 
park. These results were 
consistent with the U.S. 
Census Bureau population 
change that occurred 
between 2000 and 2010. 

 
 
 

 
High Priority Conservation Area/Need Results: Six locations of high conservation need were 
identified (sites A-F) (Figure 6).  
 

Figure 5. Unprotected high species rich areas and high projected future 
housing growth. 
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Figure 6. Six areas of high conservation need were identified (A-F) after adding                                   
unprotected high species rich areas and high projected housing growth rasters. 

Step 8: Developed a priority matrix to rank the ‘Areas of High Conservation Need’, identifying 
highest to lowest priority areas based upon selected criteria shown in Table 1. 

These six locations were prioritized using 
the ranking criteria shown in Table 1. The 
criteria included: 

• whether areas were already within 
RMD’s legislated boundary, which 
would provide a certain degree of 
increased protection (even though 
these areas are not managed by the 
NPS); 

• whether the high conservation need 
area was adjacent to another high 
conservation need area, increasing 
connectedness of high priority 
areas; or  

• whether the high conservation need area was adjacent to a current/future protected area, 
affording greater protection from potential habitat conversion. 

 

Table 1.  Ranking criteria for high conservation 
need (HCN) areas 

HCN 
Areas 

Not   

in 
RMD 

Adjacent 
Protected 
Area      
(non-NPS) 

Adjacent 
High 
Priority 
Area 

Size  

of 
HCN 
Area  

Priority 
Ranking 
1=Low 

A   1   3 4 
B       1 1 
C       2 2 
D   1 1 4 6 
E 1 1 1 5 8 
F 1     6 7 



 16 

These criteria were selected based on maximizing any conservation efforts by preserving habitat 
connectedness thereby reducing fragmentation. The prioritization criteria also included the size 
of the areas identified for highest conservation need. Overall, locations E and F ranked highest 
for conservation need; locations D and A followed in priority ranking. Then locations C and B, 
ranked as lowest priority. A flowchart summarizing steps 1-8 is shown in Figure 7. 
 

 

Figure 7. Flowchart of study methods steps 1-8 and high priority location results, shown in the map. 

Step 9: The socioeconomic and demographic characteristics of the residents living in high 
priority areas E and F were obtained U.S. Census Bureau’s 2000 and 2010 data and using ESRI’s 
(2015) Tapestry Segmentation data set. 
 
U.S. Census Bureau 2000 and 2010 Census Tracts: Pima County’s U.S. Census Bureau 
population and ethnicity data sets from 2000 and 2010, including the SF1 files, were used to 
determine total and percent change of population and ethnic composition between 2000 and 2010 
for high priority areas E and F (Pima County GIS 2015). A large portion of the tracts included 
USGS GAP status lands that either did not allow and/or included very low housing densities that 
would unlikely be further developed, such as those lands located within the park’s boundary. As 
a result, these areas were removed using the overlay analysis erase tool. For the purposes of 
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reporting the population and ethnic composition changes more accurately, the original 
configuration of the tracts were retained even though they extended beyond the one-mile study 
area, and two tract areas were modified (i.e., combined in two areas) to maintain the same tract 
configurations between the U.S. Census Bureau’s 2000 and 2010 data sets, allowing comparison 
between the two decades.  
 
The total population surrounding RMD nearly doubled from 2000 to 2010, representing an 
89.2% growth rate, with population densities increasing from 113.8 mi2 in 2000 to 215.4 mi2 in 
2010. The population change within each tract from 2000 to 2010 ranged from 3% to 432%, with 
the largest amount of the growth occurring southwest (432%) and primarily south (136%) of the 
park (Figure 8), which also corresponded to the areas with more ethnic diversity. The smallest 
change in population growth occurred in the northern tracts.  
 

 
Figure 8. All areas surrounding RMD increased in population between 2000 and 2010                                                                                
ranging from 3-432%. 

 
The general trend in ethnic composition was one of increasing diversity from areas in the north 
to south. In general, more Whites resided in the northern tracts. Although diversity increased in 
areas south of the park, the population was still predominately White. In all areas, Whites and 
Hispanics accounted for 90+% of the ethnic groups, except for the southwestern area in 2000 
when both races comprised only 89.4% of the population. The ‘other’ category of ethnicity 
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represented the next highest percent ethnic composition. Asian, Black, and American Indian 
races combined ranged from 2.7-6.8% of the ethnic group composition change between 2000 and 
2010. The highest concentration of these three races was in the areas where the population 
increased by 35% and 432% between 2000 and 2010. The number of Hawaiians throughout the 
census tracts were negligible, therefore were not included in the analysis. A summary of the 
percentage of ethnic groups surrounding RMD for 2000 and 2010 is presented in Table 2. 
 
Table 2. Percentage of ethnic groups surrounding the Rincon Mountain District for 2000 
and 2010.

 
 
 
ESRI (2015) Tapestry Segmentation of the United States: The corresponding demographic 
characteristics of the populations within areas E and F were obtained using ESRI’s Tapestry 
Segmentation (2015) tract-level data. Tapestry Segmentation is a geodemographic marketing 
system that classifies U.S. neighborhoods based on U.S. Census Bureau socio-economic data 
variables, including population, age, income, sex, race, home value, marital status and 
demographic compositions (ESRI n.d.). Cluster analysis is the general approach used by ESRI, 
which is the most common method used for market segmentation. A combination of statistical 
analysis, including the iterative partition K-means algorithm to create the initial clusters (i.e. 
market segments), followed by the application of Ward’s hierarchical minimum-variance method 
to group the clusters was used. This combination provided a complementary match of the 
strengths of each technique. The Tapestry Segmentation classifies U.S. neighborhoods into 67 
segments based on the buying and lifestyle characteristics of residents within those 
neighborhoods. Each segment is grouped into one of 14 LifeMode Summary Groups that reflect 
general lifestyles (ESRI 2015).  
 
The LifeMode Summary Groups for locations E and F included Family Landscapes and Cozy 
Country Living, and included the Soccer Moms and Green Acres segments, respectively. The 
Soccer Mom segment of the population is comprised of younger families often with children. 
These families are very busy with careers and raising a family. They rely on technology to help 
them manage time more efficiently, and they seek family-oriented activities for recreation.  
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The Green Acres segment is typically older and no longer has children in the household. They 
don’t rely on technology as much as the Soccer Mom segment and have a tendency to be more 
conservative in their political views and lifestyles. They enjoy outdoor activities and often have 
pets. As previously shown and discussed, the ethnic compositions of both segments south of the 
park are similar, and analysis of the U.S. Census Bureau’s 2000 and 2010 SF1 data revealed that 
between 2000 and 2010 the ethnic composition within these two areas changed more rapidly than 
any other area surrounding RMD. The results for the ESRI (2015) Tapestry Segmentation and 
U.S. Census Bureau’s population and ethnic counts for high priority locations E and F area 
shown in Figure 9. 

 
Figure 9. Flowchart for study methods step 9, showing the socio-economic and population results for 
highest priority conservation areas E and F. 

 
Discussion/Conclusions  
Areas surrounding protected areas are often integral to species conservation and maintaining 
biodiversity, especially in such a biologically unique area such as the Rincon Mountain sky 
island. The public surveys of Tucson residents conducted by Yeasmin (2011), Harris and Shaw 
(1997) and Casey et al. (2005) found that while locals placed a high value on living adjacent to 
protected areas and on wildlife conservation, there was a lack of accurate knowledge and 
understanding of wildlife biology and associated human-caused impacts. This lack of knowledge 
may inadvertently threaten the resources that make the area so unique. This is where a strategic 
approach to developing conservation efforts can have a positive impact to these same resources. 
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To frame conservation possibilities, a decision support framework was developed (Appendix A), 
which included significant characteristics of the two highest priority areas of conservation need. 
These characteristics include information about the physical, ecological, potential partners, and 
outreach strategies for conservation managers to use while developing outreach strategies. A 
framework such as the one created for this study can guide the customization of outreach 
campaigns by appealing to groups in ways that are more relevant based on their lifestyle 
characteristics. And while it’s likely that land use and climate changes are inevitable throughout 
this region, outreach efforts can help foster partnerships that focus on shared conservation goals 
creating scientifically credible solutions in areas where efforts matter most.  
 
Limitations 
While this assessment was a multi-species focus, with a coarse (23-acre) resolution, targeting 
one or a few species may be more effective for developing specific and measureable 
conservation strategies. Actual species occurrence data will help target and further refine high 
priority conservation areas. In addition, ESRI’s Tapestry Segmentation system is tailored 
towards marketing efforts, which may not be as useful for extrapolating socieconomic 
characteristics for developing effective conservation outreach efforts; however, it does provide 
insights as to the characterisitics of the populations residing in those areas. 
 
Future Research Needs 

1) Focus on species that are tied to specific management goals (vs. multi-species) and create 
a monitoring plan that measures results of conservation actions. 

2) Expand area of assessment gaining a broader landscape-scale perspective, which would 
likely be more relevant to larger species such as jaguar, mountain lion, black bear, etc. 

3) Use species occurrence data vs. habitat models to more accurately predict areas of highest 
conservation need. 

4) Continue socioeconomic monitoring of residents located in high conservation need areas 
to refine outreach messaging accordingly. Assess selected high priority areas at a finer 
scale (e.g., census block), especially if having difficulty with establishing 
partnerships/buy-in from local communities. 

5) Analyze outreach effort needs from a multi-disciplinary approach that includes cultural 
and ranch use sites, as well as other disciplines and/or management goals (e.g., 
soundscape, night sky, viewshed preservation). 
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