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ABSTRACT 
 
 

Assessment of semi-natural landscapes in urban areas for habitat and human 

recreation has greater relevance as natural open space around cities disappears. 

Secondary watercourses can potentially serve as urban wildlife habitat and provide trail 

networks connecting to the urban mosaic and nearby natural areas. These areas also could 

extend bird watching into urban areas, an activity that is significantly increasing. 

 This study focused on compatibility of bird habitat with a pedestrian greenway 

along a secondary watercourse in Tucson, AZ. Creating native bird habitat was 

emphasized due to the decreasing numbers of native species in Tucson’s urban core. The 

following question was addressed: What are the most significant criteria for creating 

native bird habitat and how can these be integrated with a pedestrian trail appropriate for 

secondary watercourses in Tucson? 

 Guidelines integrating trail design and bird habitat were developed. These 

guidelines serve to guide future trail and habitat planning along undeveloped secondary 

watercourses in this region. 
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INTRODUCTION 
 
 Growing up in Tucson, AZ I had a large yard, but my favorite place to play was 

the small, secondary watercourse (commonly referred to as a wash in the Southwest) 

behind my house. I loved sifting through the sand and finding smooth rocks or glittery 

pieces of cast-off material that had washed downstream. After a rain small pools of water 

attracted bugs that skated across the surface, and occasionally created habitat for 

tadpoles. The trees along these watercourses hosted generations of birds, and provided 

shade for a relatively lush understory of prickly pear and cholla. A variety of moths and 

butterflies also provided many hours of observation for me. 

 Today this watercourse, and many like it, is devoid of vegetation, leaving a 

relatively barren corridor running through the neighborhood. From a management 

perspective, this treatment serves several functions; the watercourse drains quickly, does 

not catch debris, and provides no space for lurkers to hide. However, from an urban-user 

or wildlife perspective, the barren watercourse provides no home for wildlife, nor any 

shady, secret spaces for a child to play. City policy on watercourses as well as the 

feelings of some adjacent residents has created the watercourses as they are today— 

frequently with a jumble of concrete, soil cemented, or scraped banks, natural 

streambeds, chain link fencing as barriers, and native and non-native vegetation.  

 Like many western cities, Tucson’s rapid pace of growth has left little room in 

urban areas for open space. Arizona is the second-fastest growing state in the United 

States, with a population increase of forty percent between 1990 and 2000. Tucson grew 

at an average of twenty-seven percent per year, well above the national average of 
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thirteen percent (U.S. Census Bureau, 2005). The Coalition for Sonoran Desert Protection 

(2005) estimates that in Pima County, one acre of Sonoran desert is lost to development 

every two hours. Since 1900, over ninety percent of all riparian areas in Arizona have 

disappeared. This is especially critical when you consider that eighty percent of 

Arizona’s wildlife depends on riparian habitats for some part of their life cycle (Chaney 

et al., 1990). As Tucson grows, opportunities for people to interact with nature and 

wildlife appear to be lessening.  

 Utilizing the secondary watercourses that run through the city as recreation areas 

would offer urban dwellers access to a semi-natural setting close to home. Secondary 

watercourses flow into Tucson’s primary watercourses—the Rillito and Santa Cruz 

Rivers, and Pantano Wash. Pima County, which includes the greater Tucson area, is 

developing these larger watercourses into linear recreation areas (Figure 1). Trails on 

either side of the primary watercourses make these popular spots for walking, running, 

bicycling, skating, and horseback riding. Parking lots and amenities are provided along 

the parkway since many of the users of this trail system drive to these watercourses, as 

there is little connectivity from neighborhoods. Creating trail systems that connect 

Tucson’s secondary watercourses to the primary ones would provide a much-expanded 

circulation route.  
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Figure 1.  Primary and secondary watercourses in Tucson, AZ.  
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 In addition to providing for human needs, the secondary watercourses could 

provide habitat for avian species. With increasing development in Tucson, habitat for 

wildlife is rapidly diminishing. The desert-scrub landscape of the Tucson basin is now 

relegated to a relatively few remnant patches. Wildlife has had the same fate, with many 

species having disappeared entirely from the urban core, and others persisting only in 

small patches (Tucson Bird Count, 2005). For example, data from the Tucson Bird Count 

shows that the native Gambel's Quail (Callipepla gambelii) is nearly absent within the 

Tucson, AZ city limits, while abundant outside the city. The non-native Rock Dove 

(Columba livia) shows the inverse pattern, with high numbers within the city limits, but 

very few occurrences outside the urban area. 

Why should we care about the existence of wildlife in urban places? Research has 

shown that the more people are exposed to wildlife, the more they appear to appreciate it. 

Children and adults in regular contact with natural spaces are considered more 

emotionally well-balanced, and more apt to support conservation efforts (Decker and 

Goff, 1987). Urban areas—the areas that most people live—generally have fewer native 

species than natural areas (Adams, 1994), resulting in a less-diverse environment for 

urban dwellers. Through studies by the Tucson Bird Count, researchers have learned that 

even small amounts of habitat can be sufficient to retain some native avian species in the 

urban core (Turner, 2003b). Tucson’s secondary watercourses offer an opportunity to 

create habitat attractive to those species, and at the same time provide urban dwellers 

with a richer natural experience, and increased recreational opportunities.
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Research Objectives 
 

The intent of this research was to investigate the characteristics associated with 

avian species richness and apply these results to design and maintenance guidelines that 

integrate pedestrians and native avian habitat along Tucson’s secondary watercourses. 

These guidelines would also serve to shape future trail and avian habitat planning along 

currently undeveloped secondary watercourses. This thesis addressed the following 

research question: What are the most significant criteria for creating native bird habitat 

and how can these best be integrated with a pedestrian trail appropriate for secondary 

watercourses in Tucson?  

 

The following sub-questions were evaluated in order to address the research question.  

1. Are areas with higher percentages of native vegetation associated with greater native 

avian species richness than those areas with predominately non-native vegetation? This 

was determined through literature review. 

2. Are successful urban greenways typically associated with support of adjacent 

residences, such as reliance on volunteers to plant, clean, and maintain the watercourse 

environment? This was evaluated through literature review. 

3. Are there trends between land use categories and avian richness? This was evaluated 

through GIS data and Tucson Bird Count data for six avian species of interest. 

4. Is the presence of secondary watercourses associated with higher abundance of 

selected avian species? This was evaluated through GIS data and Tucson Bird Count data 

for six avian species of interest.  
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Scope 

 The study area includes the secondary watercourses in Tucson’s urban core. Pima 

County defines watercourses by flow volume, with secondary watercourses having a 

water capacity between 2,000 and 10,000 cubic feet per second (cfs). Tucson’s primary 

watercourses have flows over 25,000 cfs, and the secondary watercourses flow into these.  

 This study area was selected because Tucson’s urban core is lacking open space 

compared to areas around the peripheral edge. Tucson’s natural parks, such as Saguaro 

National Park East and West, Tucson Mountain Park, and Coronado National Forest are 

on the outskirts of the city, necessitating a car trip for most visitors. As a result, 

secondary watercourses in Tucson’s urban center have a significant potential in allowing 

greenways to function as pedestrian walkways, providing users with a near-natural 

experience in their own neighborhood. 

This study focuses on avian species because previous research by Turner (2003a) 

suggests that Tucson’s watercourses could help to sustain a number of native species that 

are currently declining in Tucson’s urban core. Unlike many larger wildlife species who 

may use the watercourses as corridors, but not as primary habitat, many bird species 

utilize relatively small areas, indicating that improvements to watercourses could benefit 

them substantially. In addition, areas with rich bird life have the potential recreational 

opportunity of bird watching, an activity popular with many Americans (U.S. Department 

of the Interior, 2001). 
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Application 

 The thesis’s recommendations will be highlighted in a pamphlet designed for use 

by individuals, neighborhood associations bordering a part of the watercourse, or the city 

or county agencies that plan and manage these areas.  
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LITERATURE REVIEW 

 

Significance of Biodiversity in Urban Areas 

 “Like many birders, I like to expand my life list. But I’ll take a new bird on the 

yard list over a lifer somewhere else any day. Why? Because it’s there for me to see as I 

look out the window from the breakfast table. And because it’s a sign that I’m doing 

something right; it tells me that my actions are contributing to the life of a bird, the 

survival of a population, the enjoyment of others and of future generations, the diversity 

of life…things bigger than myself.” (Turner, 2001) 

 Will Turner, the originator of the Tucson Bird Count in Tucson, Arizona, is an 

avid birder, and one who enjoys watching birds close to home. Millions of people share 

Turner’s sentiments. While they may not keep a life list (a record of bird species seen and 

identified), forty six million U.S. residents watch birds. And forty million of those do it 

within one mile of their home (U.S. Department of the Interior, 2001). Bird-watchers 

account for nearly seventy percent of all wildlife watching in the United States, making 

winged-species a critical driver, both socially and economically. 

 For those people watching birds in urban areas, their life list may be pretty short, 

as cities tend to support a fairly homogeneous assemblage of avian species. Urban areas 

are typically home to a few abundant species, many of which are not native to the area 

(Emlen, 1974; Mills et al., 1989). Rock Doves (Columba livia), European Starlings 

(Sturnus vulgaris), and House Sparrows (Passer domesticus) are found in most urban 

areas, whether you are in the Southwest or Northeast. The numbers at which these three 
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species occur, as well as their negative impacts on native species, typically qualify them 

as pests (Savard et al., 2000). Native avian species found in urban areas are likely 

generalists—those that can adapt to human-altered environments and high human 

densities. These species often have little conservation value, leading conservationists to 

look outside the urban realm for land and species deemed worth preserving (Miller and 

Hobbs, 2002). 

 Is there reason to be concerned about the lack of diversity in urban areas? Today 

fifty percent of the world’s population lives in urban areas and this is projected to grow to 

sixty seven percent by 2010. As the urban fabric stretches, land that was wild or used for 

farming is being converted into residential communities and industrial parks (World 

Resources Institute, 2005). Human settlement is the leading cause of land-use change 

worldwide, and it’s impact will continue to spread (United Nations Centre for Human 

Settlements, 2005). As humans extend their reach across the globe, biodiversity will be 

further threatened. Research suggests that living in urban areas with low species diversity 

leads to diminished development of environmental consciousness (Kahn, 2002). Since the 

majority of the world’s people live in areas of impoverished biological diversity, the 

future of local and regional conservation is not bright. Kahn (2002) suggests that humans 

who grow up in areas with low species diversity will have lower environmental 

expectations— i.e., if you are not exposed to something, you won’t care about it. Miller 

and Hobbs (2002) stress that conservation needs to be relevant to an individual’s daily 

life—in general people will not gain a love of nature by watching TV. Nature in an urban 

environment may not be as grand as that in rural areas, but the same ecological processes 



 18

are at work. Be it mega-fauna or simply bugs in a compost heap, it is the daily exposure 

to nature that can lead people to care about conservation (Savard et al., 2000; Noss, 

2004). As the world becomes more urban—and conservation more and more critical—

this becomes even more important.  

 While people in urban areas may have fewer opportunities to gain an appreciation 

of nature (Shaw et al., 1985; Rohde and Kindle, 1994), children—who lack the ability to 

drive to natural areas—can be especially hard hit. Naturally curious about things human 

and non-human, most children are fascinated by nature, and are predisposed to embrace 

it. As they get older, however, many lose this attraction. If not exposed to nature through 

areas near their home, children often grow into adults who are detached from—or even 

scared of—nature (Noss, 2004). The way to prevent this, Noss (2004) argues, is to restore 

and enhance habitat in urban areas where people live. 

 What can be done to bring nature back to where people live, work and play? 

While urban areas are typically heavily fragmented and subject to environmental stresses 

such as encroachment of non-native species (Miller and Hobbs, 2002), researchers 

believe that some native species can be successful in human-dominated areas (Tweit and 

Tweit, 1986; Mills et al., 1989; Turner, 2001). Turner (2001) believes in the possibility of 

diverse, native bird communities in urban settings. Retaining nature in cities can enhance 

people’s quality of life, even if the “nature” is not ideal habitat. In built urban areas, there 

is often little flexibility in creating natural areas. The key is to focus on how to make the 

best use of the available space. The urban core may not host species in the most need of 
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protection, but it will serve to provide habitat to some species, and to offer a plethora of 

social and educational benefits (Miller and Hobbs, 2002). 

 To create such rich urban environments, professionals in various disciplines need 

to work together. Dr. Dasmann, a wildlife biologist who advocates collaboration between 

biologists, planners, and landscape architects, is concerned with the generations of people 

growing up with little contact with nature. He stresses the need for designers to “focus on 

the places where people live, enrich people’s lives by contact with living things and 

natural beauty” (Adams, 1994). Collaboration is critical. Dunster (1986) emphasizes the 

role of the landscape architect in designing urban spaces, and the need to consider 

wildlife during the design and future management of such areas. Landscape architects 

and planners need to work with ecologists, biologists, and other experts to understand 

how to maximize performance of an area for avian habitat. The research in this thesis is 

geared toward watercourses, but could be applied to streetscapes, alleyways, or other 

linear spaces. 

 What is the process for creating or restoring habitat in urban areas? The first step 

is to establish reasonable goals. An urban site likely will not be able to support the same 

wildlife as an undisturbed natural area. An ecological evaluation should yield realistic 

goals for the site. Urban areas frequently have been heavily impacted or disturbed by 

human use, and restoration may be the main focus. Often streams or drainage ways in 

urban areas have been modified for flood control, and restoration may be needed. These 

waterways are sometimes the only open space available for trails, and can suggest the 

backbone of a circulation system. Factors to consider when evaluating an urban site are 
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the types of wildlife currently found there; species of animals and vegetation that are 

typically associated with the habitat type of the site, and their presence or absence; 

current and past human impacts to the site, and predicted future uses; the context of the 

site—how uses of the area impact or contribute; and the opportunities for improvement 

(Trails and Wildlife Task Force, Colorado State Parks, 1998). Designed correctly, urban 

areas can play a large role in providing habitat for wildlife, as well as enriching our 

everyday experiences. 

 

Avian Habitat Requirements 

 Urbanization changes and fragments the landscape, favoring some avian species, 

and making the area inhospitable to others. As the intensity of development increases, so 

does the number of non-native species, while most native species show a marked decline 

(Adams, 1994). As human disturbance increases, total species richness and species 

diversity generally decline, even while the overall density of birds may increase (Emlen, 

1974; Noss, 2004).  

 Synanthropic species—those that have adapted to life with man—prosper with 

increased human presence. Species that have specific habitat needs (specialists) suffer 

from the changed landscape and move out (Adams, 1994). A typical urban bird 

community is dominated by a few very abundant, and frequently non-native, species 

(Emlen, 1974; Mills et al., 1989). Marzluff and Ewing (2001) compared results from one 

hundred research studies that focused on the effects of urbanization on avian species, and 

found that regardless of locale, the impacts of urbanization were consistent. Native 
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species decreased, particularly those species that nest on the ground, or rely on interior 

habitat, whereas non-native avian species increased. Following are the factors that exert 

the largest impact on native avian species in urban environments.  

 

Adequate Space 

 Of all the factors that affect avian species in an urban setting, lack of adequate 

habitat is typically the most limiting. In order to survive and reproduce, birds must have 

access to enough physical space (or habitat) to support their food, water, and cover 

requirements (Adams, 1994). What qualifies as ‘enough space’ depends on the species in 

question. Fragmented or isolated patches will not be able to provide adequate habitat for 

all species. The key is to focus on those species that can be successful in the space 

available (Savard et al., 2000; Marzluff and Ewing, 2001).  

 The spatial requirements of a species, often referred to as their “home range”, are 

often the determining factor in whether an area can support a particular species. In urban 

areas, there is typically limited space. Depending on what scale you are designing at—

city planning, community development, or residential—you can determine the amount of 

area you have to work with. Even areas of limited size can serve as habitat for species 

with small home range requirements (Hostetler, 2001).  

 When considering scale, context can be critical. Buildings can impact a much 

larger area than their footprint, adding noise, traffic, infrastructure, activity, and pets to 

the surrounding area. Species tolerant of such disturbance might benefit or coexist with 

these impacts, while more sensitive species may disappear from the area (Theobald et al., 
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1997). Natural areas adjacent to a site can contribute to the available habitat (Marzluff 

and Ewing, 2001). 

 A study of greenways in Raleigh and Cary, North Carolina, found that the 

physical width of greenways has a major impact on which avian species were present. 

Greenways under 50 meters in width lacked some of the development-sensitive species 

found in wider greenways (Hull, 2003). The desired width of a greenway depends on 

which avian species are being targeted for conservation, although the wider the greenway 

the better. Hull (2003) found that interior species were most common in greenways of at 

least 600 meters in width. Ground nesters preferred greenways of at least 200 meters in 

width. Wider greenways were found to host fewer non-native aggressive species such as 

starlings and grackles (Hull, 2003). 

 Within the greenway, the amount of disturbed or managed area had a major 

impact on species presence. The greater the managed areas, the fewer development-

sensitive species present. Managed or disturbed areas include the trail, maintained 

vegetation such as grass beside the trail, or open canopies above the trail. Plants next to 

the trail often suffer damage or removal as well (Hull, 2003). Hull (2003) found that, 

“Greenways containing little or no managed area may provide habitat for up to twice as 

many development-sensitive bird species compared to greenways containing 2-3 m wide 

trails with adjacent mowed areas.”  
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Vegetation 

 The more diverse vegetation present in an area, the greater the variety of birds 

there will be (Emlen 1974; Lancaster and Rees, 1979). The structure, composition, 

amount, and diversity of vegetation are important in maintaining or achieving a variety of 

native avian species (Savard et al., 2000; Hostetler, 2001). If groundcover has been 

removed from an area, planting a few large trees does not compensate. While the volume 

may be the same, the function the vegetation provides, along with the species they 

support, will be different (Mills et al., 1989). 

 

Structure: In a quest for tidiness and clear sight lines, vegetation structure is often 

simplified in urban areas (Nassauer, 1997). Groundcover is removed, trees are trimmed 

up and stripped of their lower branches, mistletoe is cut out of limbs, and dead trees are 

taken out. Leaf litter, which would contribute to a mulch layer on the ground, is blown or 

raked away. The result is a landscape largely devoid of nesting and escape cover. The 

loss of groundcover reduces the number of insects, reptiles, and small mammals that are a 

key food source for a number of species (Adams, 1994; Marzluff and Ewing, 2001). This 

altered landscape can no longer support birds that depend on these elements. In urban 

areas, species that nest on the ground, in shrubs, or in cavities in dead snags, as well as 

insectivores, are often the first species to disappear (Adams, 1994; Marzluff and Ewing, 

2001). 

 Horizontal and vertical vegetation diversity are equally important in supporting a 

diverse number of avian species. A wide range of heights provides a variety of nesting 
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sites, as well as escape cover and places for feeding. Dense vegetation provides birds 

with the ability to hide nests, as well as escape from disturbances and predators 

(Lancaster and Rees, 1979). Different species utilize vegetation differently—raptors are 

frequently attracted to large trees that offer good vantage points, while many song birds 

search for seeds and insects in trees and shrubs, and ground nesting birds prefer areas 

with sufficient cover (McCaffrey, 2006). Horizontal structure—planting in clumps rather 

than linear planting—provides more beneficial habitat (Mills et al., 1989). 

 

Composition: Native vegetation is essential for attracting and supporting native birds. 

Many non-native plants have low nutritional value and therefore do not support the 

number and variety of plant-eating insects that native plants do, resulting in less food 

available for birds (Mills et al., 1989; Hellmund, 1993). It is also important to consider an 

array of plants that will provide food and cover throughout the year, not just in one or two 

seasons (Adams, 1994). 

 

Using vegetation to encourage or discourage certain species: House Sparrows, pigeons, 

and starlings are the three most common birds in cities in the United States (Marzluff and 

Ewing, 2001). Highly adaptable, these species are masters of exploiting the urban 

environment, and have been associated with humans for centuries. The House Sparrow 

and European Starling were introduced to the U.S. from Europe in 1851 and 1890, 

respectively, by people who missed “civilized” birds (Adams, 1994). These species take 

advantage of nesting sites created by people, and thrive with additions of food and water, 
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and reduction in predators that the built environment offers (Adams, 1994; Marzluff and 

Ewing, 2001).  

 Research has shown that non-native avian species are associated with non-native 

vegetation and the built environment, while native avian species are associated with 

native vegetation (Lancaster, 1979; Mills et al., 1989). Just outside the city limits of 

Tucson, Rock Doves and House Sparrows are rare or non-existent, although they are 

common in the city. If non-native species used resources in natural areas, they would be 

found there—their absence in natural areas suggests that they cannot meet their basic 

needs for food, water, and shelter in the natural environment (Mills et al., 1989). 

Lancaster (1979) found that the House Sparrow population declined markedly as native 

vegetation increased. Rock Doves showed similar trends—as native trees and shrubs 

increased, their numbers decreased. The implication is people influence avian habitat 

through the introduction of non-native vegetation, supplemental food, and habitat-

providing built elements. European Starlings, for example, are attracted to the seeds 

produced by the non-native grasses frequently used for landscaping in cities (Batten, 

1972). In Tucson, Arizona, non-native palm trees host colonies of House Sparrows and 

Rock Doves, providing both nest sites and food (personal observation). 

 To create an environment favorable to native species, and less attractive to non-

native avian species, increase native vegetation cover, and provide structural diversity. 

Creating a complex habitat, and encouraging insects, will provide nesting sites and food 

for insectivores and groundnesters, the species most impacted by urbanization 

(Beissinger and Osborne, 1982). 
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Food  

 In addition to manipulating available food through the vegetation they plant, 

people provide supplemental food through feeders. Fifty-four million adults in the United 

States feed wild birds, making backyard bird feeding the most popular wildlife-associated 

activity in this country (U.S. Department of the Interior, 2001). Supplemental food 

provided by humans is one of the biggest factors in attracting and supporting non-native 

avian species (including nest predators such as the cowbird) in urban environments 

(Marzluff and Ewing, 2001).  

 The amount of seed provided by people can be substantial. Lancaster (1979) 

found that in some residential areas more birdseed was provided than could actually be a 

consumed by the birds in the area—and that is assuming that all birds were granivores 

and omnivores. Lancaster’s research revealed that the highest numbers of sparrows and 

starlings correlated with the areas where the most food was provided through birdfeeders. 

This shows that people are encouraging non-native ‘invader’ species through feeding, 

probably unaware of the effects of their actions. Distribution, migration patterns, and 

range of species is also been affected by supplemental feeding. The Mourning Dove 

(Zenaida macroura) is an example of a species that has altered its traditional wintering 

grounds because of supplemental feeding (Adams, 1994). Because seed feeders favor 

species that eat seed (and the non-native House Sparrow, European Starling, and Rock 

Dove all fall into this category), insectivores are at a disadvantage (Adams, 1994). It is 

easy to see how human intervention through feeding can have far-reaching effects on the 

ecological balance of an area. In addition to food intentionally provided, scavenging non-



 27

native omnivores such as the European Starling and Rock Dove benefit from spilled 

waste around dumpsters (Marzluff, 1997).  

 Backyard bird feeders can act as a sink for avian species, making unsuspecting 

feeding birds easy prey for domestic cats (Vetter, 2005). Avian predators such as hawks 

and owls may also increase in urban areas due to bird feeders. While people are feeding 

the birds, they are unwittingly creating raptor and cat feeders—large populations of birds 

in one place make for easy picking (Marzluff, 1997).  

 In contrast to the fifty-four million adults in the United States who feed wild birds 

through backyard birdfeeders, only thirteen million people plant or maintain vegetation 

for avian habitat (U.S. Department of the Interior, 2001). Creating natural habitats would 

be an effective way to provide food and shelter for native birds, while not unwittingly 

favoring non-native species.  

 

Nest Sites 

 The availability of nest sites is impacted by modification of natural habitat, as 

well as competition from non-native species. Cavity-nesting species are heavily affected 

by the removal of dead trees (snags) that some people see as aesthetically offensive and a 

potential fire hazard. House Sparrows and European Starlings are aggressive in assuming 

the cavity nests of native woodpeckers (Feare, 1984; Adams, 1994). Nest boxes, erected 

to provide additional nesting sites for songbirds, in some cases make the problem worse 

because they support House Sparrows, European Starlings, and House Wrens 
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(Troglodytes aedon, which prey on the eggs and babies of other species) (Marzluff, 

1997). 

 

Control of Introduced Predators  

 Cats are second only to habitat loss in causing the extinction of bird species 

(Coleman et al., 1997). Of the estimated 100 million cats kept as pets in the U.S., 60% of 

them roamed freely outdoors (Vetter, 2005). Some cat owners mistakenly believe that 

feeding their cats, putting a bell on them, or having their pet declawed will keep their cat 

from killing. Unfortunately, research shows that these strategies are ineffective, as well-

fed, declawed, bell-wearing cats kill just as much prey as their more wild counterparts 

(Coleman and Temple, 1996; Vetter, 2005). Groundnesting species, as well as birds that 

forage primarily on the ground, are frequent targets for cats. These avian species are also 

typically the most impacted by urbanization. For these sensitive species in fragmented 

urban habitats, losing just a handful of members can doom an avian population (Vetter, 

2005). In addition to preying on birds, domestic felines can have a negative impact on 

native avian predators by reducing the available food source. Hawks that consume birds 

as a main part of their diet sometimes find their prey base reduced, compliments of the 

cat (George, 1974). 

 Native mammalian predators such as bobcats and coyotes have often been 

eliminated or greatly reduced in urban areas, leaving no natural control of smaller 

mammals such as cats that impact avian species (Marzluff, 1997; Soule, 1991). For 

balance to be restored, it will take more than providing escape cover. Education of pet 
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owners, as well as trapping and regulating of stray cats will be necessary (Marzluff and 

Ewing, 2001). 

 Man’s best friend also contributes to reductions in bird numbers. While they may 

not eat everything they catch, dogs instinctively chase and kill birds. In New Zealand, 

dogs have caused sharp declines in native kiwi populations (Forest and Bird, 2005). 

Along urban greenway trails, large numbers of dog walkers can have a big impact, 

especially if dogs are off-leash where they can pursue birds. Disturbance from dogs can 

be lessened if they are kept on a leash and both people and dogs stay on a trail (Trails and 

Wildlife Task Force, Colorado State Parks, 1998). 

 

Summary—Steps to Enhancing Urban Diversity 

 The above research shows that there are things people can do—as well as things 

that people should not do—to enhance diversity of native avian species in urban areas. 

These are summarized below. 

• Be realistic in determining the species you are designing for. Learn which species 

are currently in the area, and which species could be attracted under the right 

circumstances. Avian species respond to human-related disturbances in different 

ways. In heavily disturbed areas, sensitive species may move away permanently 

(Trails and Wildlife Task Force, Colorado State Parks, 1998).  

• Understand the needs of your target avian species. Omnivores and granivores 

need herbaceous plants. Insectivorous birds prefer areas with tree cover, as well as 

ground cover. Species that nest in shrubs need a variety of vegetation heights, 
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which is more important than density of shrubs. Cavity nesters, and those species 

that nest in trees, will not be attracted to areas dominated by lawn or low-growth 

(DeGraaf, 1986).  

• Incorporate these common elements: 

— A diversity of native plants that will be a source of food for desired birds.  

— Structural diversity, maximized both vertically and horizontally. 

— Dead wood in the form of snags that provide for roosting and nesting, as 

well as branch piles on the ground that serve as cover and encourage 

insect life (Marzluff and Ewing, 2001). 

— Interior areas of vegetation that are not subject to human contact. 

• Remove existing non-native plant species that could attract non-native birds, as 

well as compete with native vegetation. 

• Know the flush distance (how close a person can get to a bird before it flies) of 

key species to help determine trail placement. Fernandez-Juricic (2001) evaluated 

the tolerance to humans of several common avian species by recording the 

distance at which a bird flushed. He found that the bird’s immediate surroundings 

had a significant impact on flush distance, with the distance lessening as shrub 

density increased. Other studies have confirmed this, showing that birds with 

plentiful escape cover are more tolerant of people, presumably because they are 

able to hide (Knight and Temple, 1995). Because birds differ in their preference 

of escape cover, it is important to know which species are present in the trail area. 

Larger birds typically are less tolerant of people, and thus have a greater flush 
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distance than smaller birds. Using the flush distance of the largest bird in the area 

could serve as a guide for establishing trail setbacks (Cooke, 1980).  

• Gain community support. Activities outside the site exert a large influence on the 

area of concern. For example, education of trail users along urban greenways as 

well as adjacent residences and businesses can help gain support from locals. This 

is necessary to control non-native predators such as cats and dogs, as well as to 

reduce activities such as bird feeding and leaving trash out, which could invite 

non-native avian species, scavenger birds, and nest predators (Soule, 1991; 

Savaard, 2000; Marzluff and Ewing, 2001).  
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Requirements for Native Avian Species of Tucson, AZ  

 Although the amount of research done on birds in urban areas is minimal 

compared to that done in natural or non-human dominated areas, many of the urban 

studies cited have occurred in Tucson, Arizona. Emlen (1974), Tweit and Tweit (1986), 

Mills et al. (1989), Germaine (1998), and Turner (2001) have come to similar conclusions 

about the effects of urbanization on birds in urban areas of Tucson. Urban areas of 

Tucson suffer from low avian species diversity, similar to that of other urban areas in the 

U.S., with many avian species being either very common, or non-native (Blair, 2001). 

With information gathered from the Tucson Bird Count, Turner (2003a) found that the 

majority of Tucson residents live in areas with low bird diversity. “Of the half million 

people in the Tucson study area, 71.2% live in neighborhoods having below-average bird 

diversity. Of 4.4 million people in all cities with bird data, 73.2% live amidst diversity 

below their cities average” (Turner, 2003a). 

 In line with research results from across the United States, native avian species in 

Tucson are negatively correlated to urbanization—as urbanization increases, the number 

of native avian species decreases. Insectivores are disproportionately affected by 

urbanization, as the insects the birds consume decrease with human presence and 

manipulation of the environment. Non-native species increase with urbanization—with 

supplemental food, as well as nesting sites created by buildings, being the two factors that 

have the most impact on their success (Tweit and Tweit, 1986). Researchers found that 

total bird density increases in urban areas of Tucson, with non-natives such as the House 

Sparrow, Rock Dove, and European Starling making up the bulk of the birds (Emlen, 
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1974; Tweit and Tweit, 1986; Mills et al., 1989; Germaine, 1998). Tweit and Tweit 

(1986) found that the House Sparrow is attracted to areas in Tucson with non-native 

vegetation such as Italian Cypress (Cupressus sempervirens) and palm trees. Seed from 

backyard bird feeders is a primary source of food, and House Sparrows rarely venture 

beyond Tucson’s urban boundaries.  

 Data from the Tucson Bird Count shows that many native species, once common 

throughout Tucson, now have an inverse relationship to Tucson’s urban core. Gambel’s 

Quail (Callipepla gambelii), Ash-Throated Flycatcher (Myiarchus cinerascens), Black-

tailed Gnatcatcher (Polioptila melanura), Black-throated Sparrow (Amphispiza 

bilineata), Canyon Towhee (Pipilo fuscus), Gilded Flicker (Colaptes chrysoides), and 

Pyrrhuloxia (Cardinalis sinuatus) are seldom seen in metropolitan Tucson, and increase 

in frequency outside the city. Many non-native species have just the opposite 

correlation—high densities in the urban core, but uncommon in the outskirts. These 

include House Sparrow, European Starling, Rock Dove (Turner, 2004). 

 Birds that were not traditionally found in Tucson, but which have experienced 

recent range expansions into the Tucson-area are also plentiful—these include the Inca 

Dove (Columbina inca) and Great-Tailed Grackle (Quiscalus mexicanus) from Mexico, 

as well as Anna’s (Calypte anna) and Costa’s (Calypte costae) Hummingbirds. There are 

several native species quite common in urban areas, showing their adaptability to people. 

These include the Curve-Billed Thrasher (Toxostoma curvirostre), Northern Mockingbird 

(Mimus polyglottos), White-Winged Dove (Zenaida asiatica), and House Finch 

(Carpodacus mexicanus).  
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Key Factors Affecting Native Birds in Tucson 

 Tweit and Tweit (1986) found that the loss of native vegetation, as well as 

increased housing density, led to the decline of native avian species, as well as an 

increase in non-natives or native generalists, such as House Sparrows, Inca Doves, 

Northern Mockingbirds, and House Finches. Mills et al. (1989) questioned whether both 

factors (native vegetation loss and housing density) were equally important. He 

postulated that while housing density may be key for some species, it was the loss of 

native vegetation that had the most impact. As housing density increases, native 

vegetation decreases—replaced by homes, roads, and other human-introduced elements. 

Mills saw that the decrease in vegetation affected by these changes was especially 

devastating to those species (Black-Tailed Gnatcatcher, Black-Throated Sparrow, Brown 

Towhee) relying on ground vegetation, as that suffered the most impact.   

 Mills and others (1989) believe that native vegetation, rather than housing density 

or the overall volume of vegetation, is the key to retaining native avian species in urban 

areas. Mills concedes that for species such as the Canyon Towhee and Black-throated 

Sparrow, which are extremely sensitive to human presence, no amount of vegetation will 

help. But for less sensitive species, maintaining or increasing the volume of native 

vegetation to the level it was before development could mean that there would be no 

significant decrease in the number of native species (Mills et al., 1989). 
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Most Promising Habitat for Tucson’s Native Birds 

 Mills (1989) work suggests that populations of native birds could be maintained 

in urban areas. Turner (2003a) took this a step further to determine the best scenario for 

providing habitat in urban areas. Creating thirty alternatives for habitat restoration, 

Turner assessed the characteristics that would be most effective for encouraging native 

avian species into Tucson’s urban core. Through the use of computer modeling, Turner 

contrasted square, park-like spaces of habitat with linear corridors to determine their 

relative effectiveness. He noted that the secondary watercourses penetrating the urban 

core could be effective corridors, and he varied the buffer width along these courses to 

determine the effect on habitat value. Because the network of watercourses failed to reach 

large areas in the center of Tucson’s urban fabric, Turner extended linear parks 

resembling the width and vegetation volume of the watercourses to infiltrate the areas 

where they were lacking.  

 Following evaluation of each scenario, Turner concluded that the linear 

watercourses were more beneficial than square parks in terms of habitat value. A factor 

that favored the linear watercourses was their ability to support dense scrub vegetation. 

All species of native birds that Turner used in his study responded positively to a heavy 

cover (seventy-five percent) of scrub vegetation, and watercourses, with their higher 

volume of water, are ideal for sustaining this density of vegetation. Additionally, 

watercourses host a variety of vegetation types, from desert scrub at the outer banks, to 

xeroriparian habitat along the channel. Because of their linear nature, watercourses can 

act as corridors, connecting larger areas, a characteristic missing with isolated parks. 



 36

Turner also noted that the watercourses could serve multiple functions—in addition to 

providing habitat for wildlife, the channels could be used for recreational trails (Turner, 

2003a). However, as noted earlier, this use can bring its own set of disturbances to 

habitats.  

 The secondary watercourses in Tucson’s core are rich with possibilities. Even 

though many of these watercourses have been lined with concrete in places and much of 

the native xeroriparian vegetation has been removed or manipulated, research shows that 

the watercourses offer rich habitat. In a study by Livingston, Shaw, and Harris (2003), the 

authors evaluated the quality of open spaces in Tucson, AZ for wildlife habitat. They 

found that the secondary watercourses provided the highest potential level of habitat for 

wildlife, in terms of the amount of native vegetation, structural diversity, total vegetation 

cover, and vegetation providing escape cover. Preserving and enhancing these corridors, 

along with re-vegetating degraded areas would provide the best quality avian habitat in 

urban Tucson, Arizona.  

 

Species of Interest  

 This thesis focused on designing habitat along the secondary watercourses for a 

group of avian species that are now considered uncommon in urban Tucson. Because the 

watercourses offer a rich environment, they can potentially provide habitat to species that 

might otherwise not be seen in urban Tucson. Creating habitat for these infrequent avian 

visitors also provides urban dwellers the opportunity to appreciate more diverse birdlife 

than they would otherwise witness in their neighborhood. 
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Factors Influencing Selection of Target Species along Watercourses 

 Species were selected for this study based on the following criteria: 

1. The secondary watercourses would provide suitable habitat to allow permanent 

species residence. Some species, such as the Gilded Flicker and Ash-throated Flycatcher, 

require large amounts of space, and will not be afforded suitable amounts of habitat along 

the watercourses (Turner, 2003a). Species with extreme sensitivity to human presence are 

also not suitable candidates. 

2. The species are not currently common in urban Tucson, although they once were. 

Creating habitat for these species along secondary watercourses may provide 

opportunities to educate people about less common native species and their habitat 

requirements. The watercourses provide the opportunity for people to see a greater 

diversity of species than they otherwise might in their neighborhood.  

3. The species are native to Tucson. In an effort to increase the number of development-

sensitive native birds in the city, the efforts of this study focus on native species. The 

watercourses can provide habitat for birds that are being negatively affected by 

urbanization. Several species that many people enjoy watching, such as the Anna’s and 

Costa’s Hummingbird, as well as the Northern Cardinal, have growing populations in the 

Tucson-area (Halkin and Linville, 1999), so these species are not considered here.  

4. The species’ unique characteristics and threatened status in metropolitan Tucson can 

attract interest, and help enlist the support of Tucson residents in preserving the 

secondary watercourses.  Species of interest may be icons of the Southwest, such as the 
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Cactus Wren (Campylorhynchus brunneicapillus; state bird of Arizona) or Gambel’s 

Quail. 

 

Selected Species 

Cactus Wren (Campylorhynchus brunneicapillus): The Cactus Wren is the state bird of 

Arizona. Its curiosity and boldness make it interesting for people to watch, and its song is 

easily identifiable (Peterson, 2001). Tucson Bird Count Data (2005) shows that while the 

Cactus Wren is still found in the city of Tucson, it is mostly associated with open space 

or low-density residential development. The species is strongly linked to areas with 

native vegetation (McCarthey 2000), and uses cholla, yucca, or thorny shrubs in which to 

build nests (Cunningham, 1990). Cactus Wrens are relatively easy to attract. As 

McCaffrey (2006) says, “if you have Cholla, you will have a Cactus Wren.” Cactus 

Wrens are vulnerable in urban areas because they are ground feeders and a large portion 

of their diet consists of insects. Feeding on the ground makes them easy prey for 

domestic cats, which have negatively affected the species in urban areas, and which are 

the wren’s main predator (Tweit and Tweit, 1986).  

 

Verdin (Auriparus flaviceps): The Verdin is a small (4” long) bird with a bright yellow 

head. It is found in areas of desert scrub, especially along watercourses. Plant 

requirements are thorny brush, with mesquite (Prosopsis velutina), catclaw acacia 

(Acacia greggii) whitethorn acacia (Acacia constricta), and gray thorn (Zizyphus 
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obtusifolia) being preferred habitat. Verdins are rarely on the ground. Their diet consists 

primarily of insects, and is supplemented with nectar, fruits, and seed (Webster, 1999).  

 Tucson Bird Count Data (2005) shows that Verdins occur in urban areas of 

Tucson, but they have a strong association to open space rather than residential or 

commercial land use. They are much more frequent outside the urban areas. Habitat loss 

due to urbanization has caused Verdin populations to decrease, although it is possible to 

support this species in an urban environment (Webster, 1999).  

 

Gambel's Quail (Callipepla gambelii): The Gambel’s Quail is a photogenic bird of the 

southwest, and is often captured on film, a covey of quail among cacti. Unfortunately, in 

urban Tucson, this is an uncommon picture. While some areas do support quail, most of 

the birds are relegated to the suburban and undeveloped areas of Tucson (Tucson Bird 

Count, 2005). The fact that there are some areas in town with healthy populations is a 

positive indication that the secondary watercourses could support these birds.  

 Gambel’s Quail spend most of their time on the ground and nest on the ground, 

making adequate cover essential to the species survival (Cunningham, 1990). Domestic 

cats are a major factor influencing the success of quail in urban areas (Tweit and Tweit, 

1986). Occasionally Gambel’s Quail may use abandoned nests of Cactus Wrens or 

Curve-billed Thrashers (Toxostoma curvirostre). Gambel’s Quail roost in dense shrubs or 

trees, with the more abundant vegetation found along watercourses being a favorite 

roosting spot (Tweit and Tweit, 1986). Common habitat plants include mesquite, 

hackberry (Celtis pallida), and catclaw acacia (Brown, 1998). The bulk of the Gambel’s 
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Quail’s diet (up to ninety percent) is comprised of plants, including seeds, leaves, and 

berries. Some insects are also consumed, mainly during the nesting season (Thomson, 

2001).  

 

Phainopepla (Phainopepla nitens): The Phainopepla is a striking all-black (females are 

grey) bird with red eyes. Its life cycle is closely tied to mistletoe (Viscum album), a 

parasitic plant that grows in mesquite, acacia, and paloverde trees. The fruit of the 

mistletoe makes up the bulk of the Phainopepla’s diet, and the bird is responsible for 

much of the spread of the parasite (Cunningham, 1990). Because mistletoe can kill the 

host tree, people frequently remove it, reducing this important food source. The survival 

of the Phainopepla is highly tied to the presence of mistletoe (BRRC, 2005).  

 Areas with tall desert trees are attractive to Phainopepla, not only for mistletoe, 

but to be used as high perches from which they fly out to catch insects. Tucson Bird 

Count data shows that these birds are most common along the major watercourses in 

Tucson, with just a few sightings in town. Vegetation most attractive to Phainopepla 

includes mesquite, catclaw, ironwood (Olneya tesota), Wolfberry (Lycium species), and 

Paloverde (Cercidium species) (BRRC, 2005). 

 

Pyrrhuloxia (Cardinalis sinuatus): Apart from the presence of native vegetation, the 

factors influencing the presence of Pyrrhuloxia are little understood (McCaffrey, 2006). 

Similar to the Northern Cardinal (Cardinalis cardinalis) in build, the Pyrrhuloxia is 

sometimes called the Silver Cardinal. Unlike the Northern Cardinal, which has adapted to 
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humans and has increased in numbers (Halkin and Linville, 1999), populations of 

Pyrrhuloxia are declining due to loss of habitat (Tweit and Thompson 1999) and 

predation. 

 Pyrrhuloxia spend much of their time foraging for seed on the ground. They also 

eat cactus fruit and insects (Oberholser 1974). The birds nest and roost in dense, thorny 

shrubs and trees, typically along watercourses (Todd, 2000). Tucson Bird Count Data 

(2005) shows little occurrence of Pyrrhuloxia in urban Tucson. 

 

Abert's Towhee (Pipilo aberti): Abert’s Towhee is not easily seen, nor is it showy. It is a 

large brownish sparrow that spends much of its time on the ground, hidden in thick 

understory. Yet, because of its limited geographical distribution, it is highly sought after 

by birders (Tweit and Finch, 1994). Abert’s Towhee is found in areas with water and 

native vegetation, so in Tucson they are mainly in riparian areas (McCaffery, 2005). 

Tucson Bird Count data indicates that the limited sightings of Abert’s Towhees in urban 

Tucson are all associated with watercourses.   

 Loss of desert riparian habitat has had the biggest impact on the species, with 

Audubon estimating that the species has declined by as much as fifty percent (Audubon, 

2005). The birds prefer dense thickets of native vegetation, which offers them protection 

while they forage for seeds and insects, and in which they roost and nest. Non-native salt 

cedar (Tamarix aphylla), which has outcompeted many native trees and shrubs along the 

watercourses, does not offer a suitable habitat for Abert’s Towhee (Tweit and Finch, 

1994). Because Towhees are sometimes seen in suburban areas, Audubon suggests that 
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there is much we can learn about how to maintain this species in created habitat 

(Audubon, 2005). Pima County’s Sonoran Desert Conservation Plan identifies Abert’s 

Towhee as a species of concern—providing even more impetus to provide urban habitat 

for this species. 

 In addition to these Species of Interest, birds common to urban Tucson are 

expected to be present along the secondary watercourses. These include the Curve-billed 

Thrasher (Toxostoma curvirostre), Gila Woodpecker (Melanerpes uropygialis), Northern 

Mockingbird (Mimus polyglottos), House Finch (Carpodacus mexicanus), Lesser 

Goldfinch (Carduelis psaltria), Northern Cardinal (Cardinalis cardinalis), as well as 

raptors. Coopers Hawks (Accipiter cooperii) currently hunt along the watercourses, and 

efforts to increase native vegetation will likely increase their prey base (McCaffery, 

2005). 

 

Non-traditional Examples of Habitat 

 When spaces in urban areas are considered for wildlife habitat, golf courses and 

cemeteries often do not make the list. But according to the wildlife habitats value index 

devised by Livingston and others (2003), these land use categories fall just behind natural 

open space and federal/state parks and forests in terms of the quality of habit they 

potentially offer. The wildlife habitats value index takes into account four factors: total 

vegetative cover, escape cover, native vegetation, and structural diversity, with the last 

two variables given twice the weight as the first two.  

 



 43

Golf Courses 

  Merola-Zwartjes (2005) evaluated golf courses in New Mexico in order to 

determine if they provided habitat for native bird species, and whether the courses—with 

numerous water hazards—would serve as surrogate riparian habitat. The study compared 

four traditional courses and one naturalistic course (in which substantial amounts of 

native vegetation are used, and landforms follow the natural topography of the site) to 

five reference sites of undisturbed habitat considered control sites for comparison.  

 Native birds comprised twenty-four to thirty-one percent of total bird count on the 

traditional courses, compared to seventy-six percent on the naturalistic course. The 

naturalistic course with native vegetation and complex vertical structure, had the most 

native bird species richness and total bird richness of all courses (Merola-Zwartjes, 

2005). The rise in native avian species was due to many species considered generalists. 

This indicates that if a course uses native vegetation in its out-of-play areas, there can be 

a significant impact on species presence. However, the increase in generalist birds on golf 

courses may come at expense of sensitive native birds (Merola-Zwartjes, 2005). 

 Golf courses drastically change the composition of avian species. Rock Doves, 

American Crows (Corvus brachyrhynchos), European Starlings, Common Grackles 

(Quiscalus quiscula), Great-tailed Grackles (Quiscalus mexicanus), and House Sparrows 

were found on all five of the golf courses, but not on any of the reference sites. In 

contrast, sensitive native species including Scaled Quail (Callipepla squamata), 

Burrowing Owl (Athene cunicularia), Crissal Thrasher (Toxostoma curvirostre), Black 

Throated Sparrow (Amphispiza bilineata), Brewers Sparrow (Spizella breweri), and 
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Scott’s Oriole (Icterus parisorum) were found on all reference sites, but not on any of the 

golf courses (Merola-Zwartjes, 2005). 

 Do golf courses function as riparian habitats? Merola-Zwartjes reasoned that 

while the two offer similar amenities—permanent water sources, deciduous trees, and 

foraging and nest building habitat—they are not comparable. The golf courses draw 

invasive non-native birds not typically found in the southwestern desert riparian zones. 

But the courses do support some native riparian birds, and were thought to provide 

valuable stopover habitat for migratory avian species. 

 Naturalistic courses are growing in popularity. Golf has recently been targeted by 

environmentalists for excessive water consumption, and showing that the courses support 

viable wildlife habitat would be good for the game’s image (Terman, 1997). Merola-

Zwartjes’s study suggests, however, that naturalistic golf courses are not a panacea. 

While they can be designed to offer habitat for native species, sensitive species that are 

most affected by development are not provided for.  

 

Cemeteries  

 Cemeteries, because they are seldom relocated, can provide constant patches of 

green space in urban areas. Many cemeteries have large, mature trees that are in contrast 

to the surrounding areas. Little vehicular or pedestrian traffic through cemeteries could 

create a refuge for more sensitive birds (Adams and Dove, 1989). Mount Auburn 

Cemetery, founded in 1831, in Cambridge, Massachusetts was intentionally created as a 

garden cemetery. Planted with trees and shrubs that provide nest sites, food, and cover for 
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birds, the cemetery is now a popular spot for birders (Friends of Mount Auburn 

Cemetery). In Tucson, AZ, several older cemeteries (such as Evergreen Cemetery), also 

provide good birding opportunities as the established mix of mature native and non-

native vegetation attracts birds (McCaffrey, 2006). Adams and Dove (1989) suggest that 

many cemeteries have large parcels of land set aside for future expansion that could be 

planted with native vegetation, providing significant habit for avian species. Appropriate 

structure, diversity, cover, and species of vegetation will determine the suitability of the 

cemetery for desirable avian species. Just as with golf courses, the species represented 

depend highly on the vegetation present. 

 

Streetscapes  

 Fernandez-Juricic (2000), explored the possibility of streetscapes as habitat. He 

studied avian use along a dozen streets in Madrid, Spain. The streets had linear plantings 

of trees on both sides, between the street and the sidewalk. The trees were at least twelve 

ft. tall, and were planted six to nine ft. apart. Bird richness increased in relation to three 

factors: the presence of parks at both ends of the streets, reduction in traffic and 

pedestrian volumes, and height and number of branches of the tree. Fernandez-Juricic 

found that the avian species using the site were generalists. The linear planting provided 

solely edge habitat, affording no interior structure for more sensitive birds. The study 

does suggest, however, that streetscapes with assemblages of complex vegetation in low-

traffic areas could offer some habitat benefit.  
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Power Poles and Non-native Trees  

 Raptors can make extensive use of both telephone poles and tall, non-native trees 

in urban areas. Partly due to ample roosting spots, Tucson, AZ has one of the largest 

populations of nesting Cooper’s Hawks in North America (Rosenfield and Bielefeldt, 

1993). An abundance of mature Aleppo pines (Pinus  halepensis) and Eucalyptus 

(Eucalyptus spp.) trees in Tucson’s urban core offer ample roosting sites. Both of these 

non-native species are much taller than the native trees or saguaro cactus used as nesting 

sites in undeveloped areas of town. Cottonwoods (Populus fremontii) and willows (Salix 

scouleriana) were once common along the primary watercourses in urban Tucson, but 

have been lost due to a drastically decreased water table and channelization of 

watercourses. The stature of the Aleppo pine and Eucalyptus mimic the now-rare native 

trees that provided nesting and roosting sites (Livingston, 2006). Mannan postulates that 

the increased height of these nesting sites allows the raptors to more easily tolerate 

human presence, because they are further removed from disturbance. Great Horned Owls 

(Bubo virginianus) also take advantage of human-introduced elements. In Tucson, AZ, 

they regularly nest in non-native palm trees, as well as on buildings (Mannan et al., 

1998). 

 Birds that choose to roost on power poles play a riskier game. The Harris Hawk 

(Parabuteo unicinctus) regularly nests on the poles, as well as using them for vantage 

points when hunting (Dwyer, 2004). The Harris Hawk lives in social groups of up to 

seven members, and demonstrates social status by perching at different heights. In 

undeveloped areas, these gatherings and social demonstrations occurred on a saguaro 
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cactus, or at the top of a tall tree. In urban Tucson, they often occupy power poles, which 

too frequently results in the electrocution of one of the members (Dwyer, 2004). Poles in 

Tucson are now being retrofitted by the power company by insulating potentially 

dangerous contact points.  

 
Urban Greenway Systems as Habitat 

 Open space in urban areas is scarce and natural patches are even more precious. 

The likely fate of these parcels is to house commercial or residential developments, or, if 

city-owned, to accommodate active parks for burgeoning residential communities.  With 

open space in such demand, it is much more likely that sites suitable for wildlife habitat 

will be restored or preserved if they also accommodate additional uses (Johnson, 1995; 

Miller and Hobbs, 2002). The challenge is to maintain or create viable wildlife habitat 

while minimizing potential negative impacts from other activities. 

 There is increasing interest in creating natural habitat and preserving wildlife in 

urban areas (Soule, 1991; Shaw et al., 1986). Large-scale plans to preserve connected 

areas of open space such as the Sonoran Desert Conservation Plan in Tucson, AZ 

(Sonoran Desert Conservation Plan, 2005), to small-scale backyard habitat initiatives 

recognized by the National Wildlife Federation (National Wildlife Federation, 2006) 

suggest that a significant portion of the urban population supports nature in the city. 

 Greenways have also emerged as a way to incorporate nature into urban areas. 

Linear open spaces or corridors, greenways are intended to be places where people and 

nature come together (Smith, 1993). Proponents of greenways suggest that they can and 

should fulfill multiple objectives, encompassing recreational opportunities, protection of 
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biodiversity and natural resources, and historic and cultural conservation (Hellmund, 

1993; Ryan et al., 2002). Potential ecological benefits of greenways include erosion 

control, improvement of water quality, enhanced local microclimates, and an increase in 

native vegetation. Social benefits include opportunities for recreation that don’t require 

driving, educational opportunities, and the ability to walk or bike to destinations (Luymes 

and Tamminga, 1995). 

 While some objectives for greenways are clearly compatible, such as increased 

vegetation and improved water quality, others raise the potential for conflict. Smith 

(1993) advocates prioritizing the primary intended uses of the greenway at the outset of 

the project. These key uses will result in specific criteria that should guide the design of 

the greenway.  This thesis proposes to reconcile two key uses—avian habitat and 

pedestrian recreation—along secondary watercourses. The following sections address 

criteria for meeting the needs of both of these groups. 

 

Greenway Design for Avian Habitat 

“A thing is right when it tends to preserve the integrity, stability, and beauty of the biotic 

community. It is wrong when it tends otherwise.”  Aldo Leopold 

 

 Placing a trail where none existed will likely create some negative impact to 

wildlife, but comprehensive planning can minimize these effects. The many potential 

benefits of greenways to trail users encourage us to design greenway systems that 

function for both wildlife and humans. While all the effects of trails on wildlife are not 
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known, it is commonly accepted that trails exert a zone of influence—an area around the 

trail that is affected by the trails’ presence. The size of this zone depends on many 

factors, including the density of adjacent vegetation (dense vegetation can screen wildlife 

from human disturbance), the types and quantities of trail users, and the design of the trail 

and trail facilities (Trails and Wildlife Task Force, Colorado State Parks, 1998). 

 The following guidelines will help maximize habitat for avian species while 

limiting the negative effects that establishment and use of a greenway could impart. In 

addition to these guidelines, it is assumed that the individual habitat requirements 

(outlined in a previous section of this thesis) are being addressed for the target avian 

species. 

 

• Create the widest greenway corridor possible: wider corridors mean more interior 

habitat, which supports more sensitive avian species. In many urban 

environments there may not be a choice—a narrow corridor such as an alley or 

waterway may be all there is to work with. In this case, determine what goals can 

be supported on the area that is available (Hellmund, 1993). Maximize structural 

diversity of vegetation, and preserve the vegetation, if appropriate (Smith, 1993). 

Look for opportunities to expand the impact of vegetation beyond the corridor. 

Adjacent parks or school grounds planted with native vegetation could provide 

additional habitat. Depending upon the quality of backyard habitat in nearby 

neighborhoods, the effective avian greenway width could be widened far beyond 

the strict boundaries of the corridor (Hull, 2003). 
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• Determine zones of user intensity: ranking existing habitat will help guide land-

use decisions. Route trails around areas of critical habitat such as riparian areas 

and wetlands. Place trails in already-disturbed zones when possible, and keep the 

trail close to existing human elements, such as homes or roads. In some cases it 

may be appropriate to route trails outside of the greenway. Screen sensitive areas 

with vegetation. Site amenities and recreational activities in less sensitive zones 

(Smith, 1993). 

• Limit the scope of the trail as well as the edge it creates: a narrow trail leaves 

more room for vegetation. Reduce the amount of edge the trail creates by 

preserving a continuous canopy of vegetation above it. The narrower the trail, the 

easier this is to achieve (Trails and Wildlife Task Force, Colorado State Parks, 

1998). While many generalist avian species are attracted to edge habitat, more 

sensitive species generally need less disturbed, interior habitat. Limit the scope of 

the trail system by creating a few well-marked, unpaved trails rather than a 

network of trails crisscrossing the greenway (Adams and Dove, 1989).  

• Minimize managed areas: maintaining as little of the greenway as possible leaves 

more usable habitat for species that require minimal disturbance. Leaf litter 

should remain as groundcover rather than being raked away. Dead trees, brush 

piles, and un-pruned understories further enhance avian habitat creation (Johnson, 

1988; Adams and Dove, 1989). In some public spaces, fear of liability and 

insurance claims lead public agencies to remove snags, therefore eliminating the 
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nesting, feeding and roosting sites that these trees could contribute (Sandstrom, 

2005).   

• Make the trails interesting and enjoyable for users: paying attention to human 

comfort and circulation needs will encourage users to use, and stay on, the trail 

(Trails and Wildlife Task Force, Colorado State Parks, 1998). 

• Test assumptions: completing segments of a greenway allow testing of ecological 

assumptions and allows for adjustments of planting scenarios, materials, and 

techniques (Hellmund, 1993). 

• Education: the community, adjacent residents, and other users of the greenway 

should understand the goal of the greenway, the benefits of the greenway 

elements such as dead wood and leaf litter, the critical role of the greenway in 

supporting sensitive species, and that use of the area is a privilege. 

 

Greenway Design for People 

 “Bush is the root of the word ‘ambush’.” (Orsini, 2005) 

  

 Greenways offer an alternative to walking along a busy street. Free of 

automobiles, and graced with vegetation, greenways are an attractive option for an 

afternoon walk, a bike route to school, or a way to get to a nearby commercial 

destination. Unfortunately, many greenways are underused because people do not feel 

safe in them. The same vegetation that supports avian species can block people’s views, 

preventing them from seeing potential danger, and leading to feelings of vulnerability 
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(Ulrich, 1986; Luymes and Tamminga, 1995; Parsons, 1995; Kaplan et al., 1998). The 

solitude that can make a greenway an inviting escape from a hectic day can suddenly feel 

like isolation when confronted with a threatening scenario. Studies conducted by Orsini 

(1990) suggest that the many people, especially women, children, older adults, and the 

physically challenged, may fear using greenways. This could explain why men make up 

the vast majority of solo users of urban parks and greenways, particularly in isolated 

areas and during low-use time periods (Wekerle and City of Toronto, 1992). 

 There are numerous factors that contribute to whether a person feels safe in an 

environment. The presence of other people, familiarity with the area, the level of 

maintenance at the site, the site’s condition (is it well-kept, or is there evidence of graffiti, 

vandalism, or trash?) all influence a person’s feelings. Media reports—positive or 

negative—can contribute to feelings of fear or calm. Gender, as well as physical ability, 

also plays a large role. Men often feel comfortable in places that women deem unsafe 

(Orsini, 2005).  

 

Safety: In order for people to use greenways or other urban open space, they need to feel 

safe (Kaplan et al., 1998). The following factors contribute to perceived safety, although 

they do not guarantee that a place will be free from crime. 

• Clear visual access: the ability to see what lies ahead as well as behind gives 

people a sense of safety (Chapin, 1991; Kaplan et al., 1998). Studies show that 

people feel most safe, and are most aesthetically pleased, by natural environments 

that are relatively open, with occasional groupings of shrubs and trees (Parsons, 
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1995). Numerous cities eliminate the shrub layer in parks and public spaces 

(Sandstrom et al., 2005), leaving only low ground cover and a tree canopy. This 

completely opens sightlines, but can be devastating for wildlife. Studies by 

Parson (1995) reveal that this complete removal of shrub layer may be 

unnecessary for perceived user safety. Opening up views between patches may be 

sufficient (Kaplan et al., 1998). 

• Ability to be seen: people feel safer if they can be observed. Houses with 

windows and yards facing the greenway, commercial frontage, or school grounds, 

all provide opportunities for people to view what is happening on the greenway. 

This makes greenway users feel that they could attract attention and receive 

assistance if a threatening situation arose (Chapin, 1991; Kaplan et al., 1998). 

• Choice of pathways: the ability to get off a path or change direction if there is 

someone or something threatening ahead, gives people a much higher perceived 

sense of safety. This factor is especially critical in greenway design, since these 

linear corridors often may not offer many choices (Chapin, 1991; Wekerle and 

City of Toronto, 1992; Kaplan et al., 1998). 

• Easy-to-understand environment: greenway users should be able to tell where 

they are and where they are headed (Chapin, 1991; Kaplan et al., 1998). 

Entrances and exits to the greenway should be easy to find. An overview of the 

greenway system at nodes can give users the larger picture and identify key 

points along the way (Kaplan et al., 1998). 
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• Evidence of human influence: nature is best perceived by most people when it 

shows evidence of human influence. Wild, unmanaged areas are seen by some as 

being derelict and inviting abuse (Rhode and Kendle, 1994). That said, studies 

show that people want the human influence to be minimal, and not distract from 

the natural experience they are seeking. Pruning of vegetation near the trail, 

flowering plants, or an object of art may be enough to placate trail users (Kaplan 

et al., 1998). 

• Keep it clean: signs of vandalism such as graffiti, trash, or broken bottles suggest 

that the site is used by “undesirables” who might still be lurking nearby (Nager 

and Wentworth, 1976). In addition to wanton sabotage, evidence the site is 

neglected can also raise fear in the recreational user (Kaplan et al., 1998). 

 

User Experience: Creating a greenway people want to use is not only about safety. People 

desire greenways for their aesthetic appeal, their tranquility, and the chance they offer to 

stop for a minute and inhale nature. Kaplan and others (1998) propose four primary 

factors which contribute to how a person perceives, and feels about, a space. These are 

coherence, complexity, legibility, and mystery. Coherence relates to the orderliness of the 

space. A coherent space is easy to understand—you know where the paths are, and 

elements are arranged in a way that makes sense. Coherence can be achieved through a 

limited palette of materials and textures that are repeated throughout the site. Complexity 

involves visual interest, and encourages people to explore. Examples of scenes lacking 

complexity include vast expanses of uninterrupted grassland, which could quickly 
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become monotonous. The third factor, legibility, helps people with orientation. A 

distinctive tree, or piece of artwork, next to a split in a path can help people remember 

which way they came. The more legible a site is, the easier it is for people to find their 

way. Mystery appears critical to people’s enjoyment of a site. People are compelled to 

explore when not everything is revealed to them. Curving a path or partially obscuring 

views excites people’s curiosity. Completely blocking views (whether with walls, 

buildings, or dense vegetation), however, does not have this same effect. Rather than 

arousing interest, blocked views elicit a negative response, making people unwilling to go 

on. 

 Greenways offer the chance for people of all ages to explore. Positive experiences 

along urban greenways can create connections between people and nature (Rohde and 

Kendle, 1994). Ideally, greenways can achieve a balance between providing trail users 

with a fulfilling experience and chance to interact with nature, while providing critical 

habitat for wildlife (Trails and Wildlife Task Force, Colorado State Parks, 1998). 

 

Case Reviews 

 Examples of carefully designed, multi-functional greenways are in short supply. 

Many greenways are focused on recreation, getting from destination to destination, or 

aesthetic qualities, with ecological integrity taking a back seat (Hellmund, 1993; Noss, 

2004). That said, there are a handful greenway projects that can suggest ways to combine 

recreation and avian habitat.  
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South Platte River Greenway, Brighton, Colorado: The South Platte River Greenway is a 

design for a two-mile long section of river just outside Denver, Colorado. Conceived by 

landscape architecture graduate student Joan Hirschman at the University of Colorado, 

the design has not been implemented, but is a valuable case study because it is founded 

on solid landscape ecology principles. Currently the site boasts a rich variety of birds, but 

both the landscape and avian inhabitants are threatened by increasing development and 

sprawl extending outwards from Denver. While the river is still somewhat wild through 

the course of the study site, it has been channelized and stripped of its vegetation as it 

passes through Denver (Hellmund, 1993). 

 The two main goals for the project are to increase the quantity and quality of 

habitat for targeted bird species, and to provide an enjoyable and educational experiences 

for human users of the site and adjacent residents. Hirschman selected six bird species to 

help her narrow down habitat requirements for the greenway. Four species were selected 

because they were declining due to loss of habitat, while the other two species were 

chosen for their popularity with bird watchers. The recreation element targeted bird 

watchers because of the potential for this popular activity on the site. Limiting the scope 

of the project by establishing these goals allowed Hirschman to identify the specific 

habitat features required by the six bird species, as well as the necessary elements for 

humans, such as access points, parking, trails, education, observation blinds, nature 

center, and restrooms. 

 Starting with the needs of the selected avian species, Hirschman divided the 

greenway into zones that reflected the area’s vegetation, level of disturbance, and species 
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present. This approach recognizes the changing nature of a linear landscape. Based on the 

zone, different uses were assigned, and facilities placed in areas most suitable to more 

intense use by people. The most ecologically sensitive zones were reserved for habitat 

only. To avoid further disruption of habitat, trails were placed on one side of the river 

only. Educational displays help users to interpret the site, as well as understand the role 

and impacts that humans have. The nature center not only highlights the importance of 

the area, but demonstrates residential landscape design ideas. Corridors from twenty to 

fifty feet in width extend from the greenway into neighboring residences, establishing a 

connection between wild and urban, and inviting communities, as well as wildlife, to mix 

(Hellmund, 1993). 

 

Rio Grande Valley State Park, New Mexico: Human impacts have taken their toll on the 

Rio Grande River. Channelization has led to loss of native vegetation including tall 

riparian trees such as cottonwoods and willows, and the growth of non-natives such as 

the Siberian elm (Ulmus pumila) and Tamarisk that can germinate in dry soil. Abundant 

wildcat trails as well as trash-dumping sites add to the abandoned feel. However, relative 

to surrounding areas, the Rio Grande supports a diverse habitat (Hellmund, 1993).  

 When the desire for urban trails led people to consider the banks of the Rio 

Grande, habitat for wildlife was taken into consideration. Vegetation mapping helped 

determine the layout of trails, with patches of high habitat quality determined by the 

diversity of vegetative structure and  composition, amount of native vegetation cover, 

size of patch and amount of interior habitat, and adjacency to other high-quality habitats. 
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Just as in Hirschman’s study, zones were created using this information, with different 

levels of recreation recommended for differing quality of habitats (Hellmund, 1993). This 

project recognizes that human change has altered the natural functions of the Rio Grande, 

and does not attempt to return the river to a more wild state. However, the interventions 

performed have allowed the river to support both human recreation and avian habitat.  

 

Green Links, Greater Vancouver, Canada: Green Links aims to connect habitats that have 

been fragmented by urbanization. Started in 1996 through the Institute of Urban Ecology 

at Douglas University in Canada, Green Links is working to enhance the connectivity of 

open space in urban areas in order to provide greater food sources for target wildlife 

species, improve gene flow, and encourage larger populations. By planting native 

vegetation in or along utility corridors, local and regional parks, nature preserves, riparian 

corridors, and school grounds, Green Links hopes to create green corridors for use by 

both wildlife and people (Green Links, 2005). 

 To further their efforts, Green Links offers workshops on natural history, 

backyard habitat creation, urban wildlife, and native plants. So far, Green Links has 

reached over 15,000 people through their workshops, and has worked with numerous 

school groups in creating nature murals along greenways (Green Links, 2005). An 

interesting aspect of Green Links is their inclusion of private and unprotected areas in 

addition to public spaces. To help develop a healthy underlying matrix, backyard habitats 

are encouraged and considered a currently much-underutilized resource. These private 
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habitats, when viewed at a larger scale, could provide critical habitat in urban areas where 

there is a serious dearth of public open space (Rudd et al., 2002). 

 Green Links relies on community support to implement projects, as well as to 

insure their continued maintenance. Residents adjacent to planned greenways are 

encouraged to be part of the implementation and ongoing maintenance of the site. Green 

Links has found that including community members from the beginning of the project 

helps overcome fears residents may have about the greenway, as well as giving 

participants a sense of ownership in the project (Green Links, 2005). Contests help raise 

public awareness of natural spaces in urban areas, and recognize community members for 

habitat creation or design ideas (Schaefer, 2003).   

 

Summary 

 While it may appear contradictory to introduce trails to one of the few remaining 

natural areas in a city, there are good arguments for doing so. Trails can be the needed 

catalyst to restore degraded areas. Many stream corridors, neglected and concreted, have 

been restored and revitalized when a proposed trail brings attention to the area. A 

carefully planned trail can also direct people away from sensitive habitat areas, and 

provide opportunities for the public to learn about nature where they live, as well as 

broader conservation issues (Trails and Wildlife Task Force, Colorado State Parks, 1998). 

 From the case studies and research reviewed here, a set of guiding principles can 

be extrapolated to create greenways that are sensitive to both the needs of avian species 

and greenway users. Creating inviting and successful open space does not stop with the 
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design of the site. Chapin (1991) suggests that design is just one of the factors—citizen 

involvement, outreach, maintenance, and enforcement, are equally important and 

ongoing. 

 

Design and Implementation 

• Determine the main goals of the greenway. Will the emphasis be on nature and 

ecology, or is the area better suited for a focus on recreational needs?  

• Maintain goals for the greenway through all design elements. For example, fallen 

logs could serve as both habitat elements and landmarks, contributing to the 

greenways primary goal of avian habitat while aiding trail users with navigation 

(Kaplan et al., 1998).  

• Balance needs of the targeted users. Greenway areas providing thick cover could 

be encouraged for daytime use by trail-goers, while areas anticipating nighttime 

use may have open sightlines and less vegetation (Luymes and Tamminga, 1995). 

Hummingbird gardens can be composed of low-growing plants that allow clear 

visual access, but still work to meet greenway goals (Schaefer, 2003).  

 

Community Involvement 

• Involve the community from the beginning of the design process. If community 

members are involved from the start of the project, included in the formulation of 

greenway goals, as well as physically implementing the plan, they are more likely 

to stay concerned and involved (Hellmund, 1993). The nature of greenways 
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means they are easily penetrated by people, animals, and non-native plants. This 

makes them hard to manage. Community support, especially that of adjacent 

residents and regular users, will ensure that the greenway continues to achieve its 

goals after implementation is completed. Paths can link communities to the 

greenways.  

 

Outreach 

• Encourage citizen science projects. School programs and workshops can be 

effective in reaching many people, but Marzluff (1997) suggests that even more 

effective is to get people involved in collecting data, monitoring the site, and 

analyzing information. Encouraging participation in the Tucson Bird Count or 

Christmas Bird Count could get people to notice what species are in their 

neighborhood. Urban bird walks can also encourage public use of greenways 

while educating participants about the species found there. In Tucson, AZ, the 

Tucson Audubon Society leads bird walks for beginners in various urban 

locations. These walks focus on species commonly found in urban 

neighborhoods. (Tucson Audubon Society, 2005).  

 

Maintenance and Enforcement 

• Recognize maintenance required to continue to serve greenway goals (Smith, 

1993). Community members can remove invasive species, track survival rates of 

plants, and remove litter. Adopt-A-Site programs give community groups 
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responsibility for greenway maintenance. Ideally, this group would have been 

involved with the initial goal-setting and design of the project, so that ongoing 

maintenance represents the spirit of the project. The group can also monitor 

development of the site, and this data can be used to modify future greenway 

plans (Green Links, 2005). 

• Enforce rules and educate. On-site volunteers could help minimize human impact 

by educating users on appropriate behavior. Restrictions on trail use may be 

necessary in some areas during breeding season. Public education through signs, 

brochures, radio, and the local school systems could also encourage sustainable 

use (Adams, 1994). 

  

 Designers of greenways intended for both avian habitat and recreational use have 

a challenge. But by maximizing structural and species diversity, selecting vegetation that 

provides cover, forage, and nesting sites, and involving the community at every stage of 

the design process, successful habit-providing urban greenways should be possible.   
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MATERIALS AND METHODS 

 

Study Area 

 Comprehensive data which served as a foundation for this study was gathered on 

all secondary watercourses in the study area (shown in Figure 2). This data was part of 

Heritage Fund Game and Fish project (AZGF P05001). Information was recorded on 

bank treatment, walkability of the watercourse, potential room for a pathway, percent 

native versus non-native vegetation cover, linkages to neighborhoods, and street 

crossings, including presence of underpasses. Data analysis from that study suggested 

that Alamo Wash ranked relatively high in terms of its feasibility for both pedestrian 

accessibility and avian habitat. It was selected for further study based on it being 

representative of conditions in the other sampled watercourses and its high feasibility for 

additional trail development.  

 The study area is shown in grey in Figure 2. It is bounded by the Rillito River to 

the north, the Pantano Wash to the east, Kinneson Wash to the south, and the Santa Cruz 

River to the west.   

  

Data Collection 

 All data collected was recorded in one-eighth mile segments which were the basis 

of former data collection performed for AZGF P05001. There were 57 segments, two of 

which were underground, and thus contained no vegetation. A vegetation inventory 
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was done to identify all plants occurring in Alamo Wash and extending to property lines 

on either side of the watercourse buffer areas. The area averaged 80 ft. in width, and 

ranged from 70 ft. at the southern end to 120 ft. at the northern end of Alamo Wash. 

Structural diversity was recorded for each section, accounting for the presence of various 

vegetation heights. Plants were also distinguished as having been planted or naturally 

occurring. Plants directly outside of residential walls or in a manicured landscape were 

recorded as planted and vegetation in wash was recorded as naturally occurring. Planted 

Rillito River

Santa Cruz River
Pantano Wash 

Julian Wash

Kinneson 
Wash 

Figure 2.  Alamo Wash study site. Alamo Wash is starred. 
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vegetation was further classified as publicly or privately planted. Public plantings 

included landscaped well sites, county pathways, and plantings adjacent to commercial 

areas. Private plantings were those done by individual residents, and in this study, all 

private plantings occurred immediately (within 10 ft.) behind property walls or fences.  

 Data from the Tucson Bird Count (TBC) was obtained for the six selected avian 

species. TBC data measures abundance and distribution of bird species in and around 

Tucson, AZ, and is collected by volunteers. Site locations for the bird counts were 

determined by TBC by placing a 1 km2 grid over the city of Tucson, AZ, and randomly 

selecting sites in each cell, one site per each km2. Data has been collected once per year 

beginning in 2001. The data used in this study was the average number of the particular 

species counted over a five year period (2001 to 2005), allowing a more representative 

presence/absence of species since not all sites had been surveyed each year. 

 

Data Analysis 

 Native versus non-native vegetation cover, structural diversity, species richness, 

and total number of plants were determined for each segment of Alamo Wash. The model 

outlined by Livingston et al. (2003), was employed for structural diversity, with four 

layers of vegetation defined: groundcover, shrubs and bunch grasses, trees under 25 ft., 

and trees over 25 ft. In each one-eighth mile segment, the number of layers that 

contributed more than 25 sq ft. to the total vegetation cover were totaled with each given 

a value of ‘1’. Therefore sections with maximum structural diversity rated a score of ‘4’. 

The proportion of native versus non-native vegetation cover was estimated by visual 
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observation. The native vegetation cover of each one-eighth mile segment was classified 

as one of four categories: 0-25%, 26-50%, 51-75%, or 76-100%. The existing size of the 

plant, rather than the potential size, was used to determine percent cover since the plants 

were not on irrigation and may not reach their full potential size. Native plants were 

considered those indigenous to the Sonoran Desert.  

 TBC data for the six selected species were compared to land use data to ascertain 

if there was a trend between land use and species abundance. Pima County and City of 

Tucson land use classes were combined into four classes in order to reconcile different 

categories used by the city and county (Table 1).  

 

a Land use class data from City of Tucson, 1993, and Pima County, 1990.  
b Area in acres within the City of Tucson composed of each class of land use  
c % of all land use classes 
d Davis Monathon Air Force Base is composed primarily of remnant open space  
e Vacant land status is unclear. Some lots classified as vacant may have been built on, others 
may have revegetated. 
 

 Using the Getis-Ord GI Hot Spot Analysis tool in ArcGIS (ESRI©, Redlands, 

CA), high occurrence locations of selected avian species within the city limits of Tucson 

were identified. The Hot Spot Analysis tool identified clusters of points that had a higher 

occurrence value than would occur with random chance. Higher values were given to 

data points within 5280 ft. of one another—this distance was chosen to limit the 

Land Use Classa Description   Areab %c 
Open space County and city parks, national reserves, golf 

courses, undisturbed land, flood areas, 
agricultural land, Davis-Monthan Air Force Based 

71,387 55% 

Vacante Vacant, disturbed property 17,817 14% 
Residential Single and multi-family housing 28,166 22% 
Commercial Office, institutional, mining, industrial 11,333 9% 

Table 1.  Land use categories based on compilation of City and County land use data 
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associations to more of an avian scale. The result of the GI function was a z score for 

each feature (in this case, each location where a selected species had been observed, and 

the total number of that species observed there). A high z score indicated that the location 

and neighboring locations had high attribute values. The higher the z score, the stronger 

the cluster association. A z score of ‘0’ or a negative number meant the location and 

neighboring locations showed no apparent concentration.  

 To examine the influence of land use classes in the vicinity of the hot spot 

occurrence, a buffer with a radius of 1320 ft was applied to each hot spot. Because of a 

lack of available research describing species habitat requirements, 1320 ft was selected to 

encompass enough of the surrounding land use classes to gain an understanding of the 

area’s makeup.  Trends between selected species presence and occurrence of secondary 

watercourses by overlaying watercourse locations with TBC data were also explored. 

These methods could be extended to other species.   
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RESULTS AND DISCUSSION 

  

 Conditions of Alamo Wash relating to suitability for avian habitat were evaluated 

based on vegetative cover, native vegetation, composition, and structural diversity. 

Planted areas were evaluated to determine vegetation predominance of residential areas 

along the study site. Relationships between selected avian species occurrence and land 

use were also examined to explore trends among these variables. Alamo Wash was 

assumed to be representative of other secondary watercourses in the study area due to its 

relatively extensive scope and attributes.  

 

Vegetation Richness 

 Eighty-three species of perennial vegetation were counted in, or along, Alamo 

Wash (Table 2). From field surveys of the other secondary watercourses, vegetation 

along Alamo Wash was representative of that along the other secondary watercourses in 

the study area. For example, 42 of the 83 species were native and only 10 (24%) of these 

existed in planted areas. A relatively large percentage (23%) of the 12,529 plants counted 

were planted. The mean number of species per eighth-mile section was 14, and the 

number of species per section ranged from 6 to 26. The sections of the watercourse with 

the lowest species richness were those that were graded or lined with concrete. The 

sections with the highest species richness frequently included commercial or city 

plantings. If planted species were not accounted for, species richness dropped to 10.5 

species per section, ranging from 4 to 21 species per section. 
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 Figure 3 shows the species occurring most frequently along Alamo Wash. The 

other secondary watercourses in Tucson, AZ also exhibited high presence of these 

species. The five most prevalent species are considered invasive plants; non-native 

bermuda grass (Cynodon dactylon) occurred in every sampled section, and was the 

primary groundcover. Two native invasive species, desert broom (Baccharis 

sarothroides) and Mexican paloverde (Parkinsonia aculeata) occurred in nearly every 

section. The non-native South American mesquite was the most common tree.  

 The species composition revealed that the watercourses were highly disturbed 

sites. In the past, sections were lined with concrete, graded, channeled, and carried ever-

increasing quantities of storm runoff as their watersheds became impervious through 

increased paving and structures, which led to erosion and bank stabilization efforts. 

 Bermuda and fountain grass (Pennisetum setaceum) most likely outcompete 

native annual and perennial groundcovers and grasses such as sand dropseed (Sporobolus 

cryptandrus). The greatest invasive species threat appeared to be African sumac (Rhus 

lancea) based on study results. This tree is widely used in the urban landscape and has 

naturalized in the watercourses. Its dense shade appeared to hinder shrubs and trees from 

establishing in the sampled areas.  

 It is important to note that while some native species are considered invasive, they 

can play critical roles in their native ecosystem. Desert broom plays a key role in erosion 

control along the watercourses, and provides a valuable food source for several avian 

species. The abundance of nectar and pollen produced by desert broom attracts many 

insects, including butterflies, bees, wasps, and beetles. The profusion of insects attracts 
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insectivorous birds, such as the verdin. Birds also eat the seeds of the plant (Plagens, 

2003).  The greatest threat of desert broom appears to be creation of a monoculture in 

watercourse areas due to their ability to outcompete other native species. 

Figure 3.  Most frequently occurring species along Alamo Wash, Tucson, AZ (occur ≥ 
20% of 55 watercourse sections). Solid bars represent non-native species.  
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 Beyond the five most frequently occurring species in Figure 3, blue palo verde 

(Parkinsonia floridum), sweet acacia (Acacia farnesiana), and velvet mesquite occurred 

in more than 50% of the sections. Burroweed (Happlopappus tenuisectus), catclaw 

(Acacia greggii), graythorn (Zizyphus obtusifolia), creosote (Larrea tridentata) and 

several species of cacti were in more than 20% of the sections. These species represent 

ones that most likely existed before human disturbance. These species provide favored 

habitat for many avian species. 
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Plant Name Origin Invasivea Occurrence Frequency 
Scientific Common     Washb Plantedc Totald No. sectionse  
Groundcovers        

Acacia redolens Freeway Acacia non-native  3 8 11 4 
Cynodon dactylonf Bermuda Grass non-native x N/A N/A N/A 55 
Verbena gooddingii Goodding Verbena native  0 5 5 1 

Cacti/Succulents        
Agave americana Century Plant non-native  6 42 48 13 
Agave vilmoriniana Octopus Agave non-native  0 5 5 3 
Aloe saponaria African Aloe non-native  0 81 81 7 
Carnegiea gigantea Saguaro native  0 5 5 1 
Dasylirion wheeleri Desert Spoon native  1 102 103 9 
Ferocactus wislizenii Barrel Cactus native  0 7 7 4 
Fouquieria splendens Ocotillo native  0 5 5 2 
Hesperaloe parviflora Red Yucca non-native  0 3 3 1 
Opuntia acanthocarpa Buckhorn Cholla native  56 31 87 15 
Opuntia bigelovii Teddy Bear Cholla native  12 4 16 6 
Opuntia engelmannii  Engelmann's Prickly Pear native  171 173 344 23 
Opuntia engelmannii var. linguiformis Cow's Tongue Prickly Pear  native  91 56 147 14 
Opuntia ficus-indica Indian Fig non-native x 279 498 777 34 
Opuntia fulgida Chainfruit Cholla native  2 0 2 1 
Opuntia imbricata Tree Cholla native  4 2 6 3 
Opuntia leptocaulis Desert Christmas Cholla native  4 0 4 2 
Opuntia microdasys Bunny Ears non-native  17 22 39 5 
Opuntia violacea v. 'santa-rita' Santa Rita Prickly Pear native  14 47 61 13 
Opuntia arbuscula  Pencil Cholla native  0 5 5 2 
Yucca baccata Banana Yucca native  0 5 5 1 
Yucca elata Soaptree Yucca native  0 5 5 2 

Shrubs/Bunch Grasses        
Ambrosia deltoidea Triangleleaf Bursage native  11 10 21 3 
Arundo donax Giant Reed non-native x 16 7 23 9 
Atriplex canescens Four-wing Saltbush native  140 510 650 9 

Table continued on next page 

Table 2.  Species origin, occurrence and frequency in 55 sections along Alamo Wash, Tucson, AZ. 
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Plant Name Origin Invasivea Occurrence Frequency 
Scientific Common     Washb Plantedc Totald No. sectionse  

Baccharis sarothroides Desert Broom native x 3341 0 3341 53 
Buddleia marrubifolia  Woolly Butterfly Bush  non-native  0 1 1 1 
Caesalpinia pulcherrima Red Bird of Paradise non-native  10 16 26 2 
Calliandra eriophylla Fairy Duster native  0 8 8 3 
Cassia artemisioides  Feathery Cassia non-native x 57 19 76 7 
Cassia nemophila  Desert Cassia non-native x 51 18 69 2 
Cassia phyllodinia Silver Leaf Cassia non-native x 0 3 3 1 
Celtis pallida Hackberry native  10 41 51 10 
Cotoneaster lacteus Red Clusterberry non-native  0 12 12 1 
Dodonea viscosa Hopbush native  3 99 102 6 
Encelia farinosa Brittlebush native  107 168 275 9 
Happlopappus tenuisectus Burroweed native  1112 0 1112 21 
Justicia spicigera Mexican Honeysuckle non-native  0 1 1 1 
Lantana camara Lantana non-native x 55 23 78 13 
Larrea tridentata Creosote native  203 28 231 11 
Leucophyllum frutescens  Texas Ranger non-native  0 29 29 5 
Leucophyllum laevigatum  Chihuahuan rain sage non-native  0 53 53 1 
Lycium fremontii Wolfberry native  17 11 28 4 
Mimosa biuncifera Catclaw Mimosa native  1 0 1 1 
Muhlenbergia rigens Deer grass native  0 15 15 1 
Nerium oleander  Oleander non-native  9 159 168 14 
Pennisetum setaceumg Fountain Grass non-native x N/A N/A N/A 49 
Pyracantha sp. Pyracantha non-native  0 16 16 2 
Salvia greggii Autumn Sage non-native  0 13 13 1 
Simmondsia chinensis Jojoba native  0 40 40 4 
Zizyphus obtusifolia Graythorn native  85 0 85 12 

Trees        
Acacia constricta Whitethorn Acacia native  4 20 24 4 
Acacia greggii Catclaw native  47 24 71 17 
Acacia salicina Willow Acacia non-native  0 9 9 3 
Acacia farnesiana Sweet Acacia native  75 33 108 31 

Table continued on next page 

Table 2 cont.  Species origin, occurrence and frequency in 55 sections along Alamo Wash, Tucson, AZ. 
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Plant Name Origin Invasivea Occurrenceb Frequency 
Scientific Common     Wash Planted Total No. sectionse  

Ailanthus altissima Tree of Heaven non-native x 1 0 1 1 
Celtis reticulata Hackberry native  20 2 22 5 
Chilopsis linearis Desert Willow native  5 12 17 8 
Eucalyptus camaldulensis Red Gum non-native  0 2 2 1 
Eucalyptus microtheca  Coolibah non-native  0 2 2 1 
Eucalyptus polyanthemos Silver-dollar Gum non-native  0 5 5 1 
Fraxinus velutina Arizona Ash native  1 0 1 1 
Gleditsia triacanthos Honey Locust non-native  0 2 2 2 
Ligustrum lucidum Common Privet non-native  0 3 3 1 
Melia azedarach Chinaberry non-native  2 0 2 2 
Olea europea Olive non-native  0 4 4 1 
Parkinsonia aculeata Mexican Palo Verde native x 1842 0 1842 51 
Parkinsonia floridum Blue Palo Verde native  443 85 528 45 
Parkinsonia hybrid ‘Desert Museum’  Desert Museum Palo Verde native  0 2 2 1 
Parkinsonia microphyllum Foothills Palo Verde native  22 1 23 4 
Phoenix canariensis Canary Island Palm non-native x 26 3 29 11 
Pinus halepensis  Aleppo Pine non-native  0 7 7 3 
Pithecellobium flexicaule Texas Ebony non-native  0 4 4 2 
Populus fremontii Fremont Cottonwood native  1 0 1 1 
Prosopis velutina Velvet Mesquite native  308 111 419 31 
Prosopis x South American South American Mesq  non-native  747 74 821 50 
Punica granatum Pomegranate non-native  0 10 10 2 
Rhus lancea African Sumac non-native x 262 4 266 35 
Schinus molle California Pepper non-native  0 1 1 1 
Tamarix chinensis Tamarisk non-native x 2 0 2 1 
Washingtonia robusta Mexican Fan Palm non-native   0 2 2 2 

a Invasive: a native or non-native species which reproduces and spreads rapidly, establishes over large areas, and persists 
b Occurrence: Wash=number of individuals naturally occurring in, or along, wash; Planted=number of individuals that appear to have been planted 
c No. sections: The number of sections in which a species occurred. 55 of 57 sections were used because two sections are underground  
d The presence of Cynodon dactylon was noted by section rather than number of plants 
e The presence of Pennisetum setaceum  was noted by section rather than number of plants 

Table 2 cont.  Species origin, occurrence and frequency in 55 sections along Alamo Wash, Tucson, AZ. 
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Planted Species 

 Planted species accounted for 23% of all watercourse species recorded. Planted 

species could play an even larger role in the vegetation composition if watercourse trails 

are developed. With trail development, government agencies will be selecting vegetation 

for along the path and possibly removing existing vegetation for trails. In most sections, 

residential plantings could be increased along their enclosures. Of the 83 species of 

vegetation along the watercourse, 34 species (41%) existed only in planted areas. A total 

of 69 species were planted (36 = non-native species, 33 = native). The average number of 

planted species per section was 4.5. Eight of the planted species were considered invasive 

plants; lantana (Lantana camara), feathery cassia (Cassia artemisioides), desert cassia 

(Cassia nemophila), silver leaf cassia (Cassia phyllodinia), African sumac, Canary island 

palm (Phoenix canariensis), giant reed (Arundo donax), and Mexican palo verde. The 

three cassia species, all of which are native to Australia, are commonly found in public 

plantings due to their lack of thorns and profusion of flowers. Cassia provides little value 

for wildlife. 

 Results indicated that planted species have a substantial presence along 

watercourses. This information was further organized according to land uses; public 

(commercial, city/county) and private (residential plantings behind a wall or fence) 

plantings (Table 3). Of the planted plants, 1552 (55%) were public, and 1281 (45%) were 

private. Private plantings had a much higher percentage of non-native and invasive 

species, and also a more diverse array of species. Almost 74% of species privately 

planted were cacti/succulents. Public plantings had greater structural diversity than 
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private plantings. Only 10% of public plantings were cacti, with public plantings much 

higher in shrubs (67%) and trees (23%). Nine of the 55 sampled sections contained no 

public or private plantings. Four sections occurred in areas where the watercourse was 

routinely graded, three sections lacked adjacent commercial or residential land uses, and 

two sections were in residential areas. 

 

 

 

 

 

 

 

 

 Composition differences between planted species and those that naturally occur 

along the watercourses were relatively great (Appendix A). Homeowners and commercial 

property owners appeared to plant species found in their landscape plant palette, rather 

than those found naturally in watercourses. Large amounts of cacti and succulents planted 

by residents indicated selection of species that propagate easily, require minimal care, 

and provide a natural barrier to their property. The most commonly privately planted 

species were Indian fig (Opuntia ficus-indica), planted in 26 sections (total individuals = 

498), followed by Engelmann's prickly-pear (Opuntia engelmannii) (15 sections, 173 

individuals), and oleander (Nerium oleander) which was planted in 14 sections (159 

Planted Species Public  Private  
Invasive  3 6 
Non-native 12 29 
Native  25 20 
Total number  37 49 
Sections that have plantings 19 (35%) 38 (70%) 
   
Type and % of total   
Groundcover 13 (1%) 0 (0%) 
Cacti/Succulents 154 (10%) 944 (74%) 
Shrubs/Bunch Grasses 1034 (66%) 266 (20%) 
Trees  351 (23%) 71 (6%) 

Table 3.  Comparison of publicly and privately planted vegetation along Alamo Wash. 
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individuals) (Figure 4). Trees accounted for a small minority of privately planted species, 

possibly because they were the most costly to acquire and manage.  

Figure 4.  Most commonly planted species along Alamo Wash, Tucson, AZ 
[occur ≥ 10% of sampled sections (n = 55)]. Solid bars represent non-native 
species. 
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 Public plantings contained more native species and fewer non-native and invasive 

species than private plantings. Steve Anderson, a planner with the Pima County Parks 

and Recreation Department in Tucson, AZ stated that he and colleague Glenn Hicks with 

Parks and Recreation for the City of Tucson, attempt to “push the hard-core native 

approach, which is consistent with our goal of bringing the desert back into the city" 

(Anderson, 2006). Newly planted areas along the watercourse reflected this, with native 

velvet mesquites (7 sections, 108 individuals) and blue palo verde (9 sections, 85 

individuals) far outnumbering non-native counterparts. Use of native species is important, 

but use of species that provide the most benefit in terms of wildlife habitat, and which 

would naturally occur along the watercourse is critical. For example, hopbush and desert 

spoon are two commonly planted species, but are not considered especially valuable 

wildlife plants. Furthermore, these species do not naturally occur along Tucson’s 

secondary watercourses. Because the watercourses are such a unique natural area, and are 

capable of supporting a diverse array of vegetation and wildlife, a special list of plants 

should be developed to guide public and private plantings. While the city does have a list 

of banned species, there currently is no list of preferred species. The lack of a list results 

in non-native drought tolerant species being planted.  

 The statistics on public and private plantings emphasize the need for education 

about the benefits of native species, and awareness of invasive species. Coordinating 

public and private planting efforts could result in species being planted that have 

maximum benefits for avian species, as well as restoring native species diversity to the 

watercourse.  
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Structural Diversity 

 Thirty-four of the 57 sections contained all four vertical structural layers 

(groundcover, shrub, trees under 25 ft., and trees over 25 ft. in height). In terms of growth 

type, 66% of the plants were shrubs, 30% were trees under 25 ft. and 4% were trees over 

25 ft. The groundcover layer was primarily represented by bermuda grass, which 

occurred in every section. Trees and shrubs were well represented. Desert trees over 25 

ft. are rare for native Sonoran desert species, but the watercourses are xeroriparian areas 

which support larger growth. The diversity of species contributing to each structural layer 

was quite low. Bermuda grass was the predominant groundcover. Desert broom 

accounted for over 40% of the shrub layer. Mexican palo verde accounted for 43% of the 

trees under 25 ft. layer, and 37% of the trees over 25 ft. layer.  

 Structural diversity of vegetation is considered an important component of habitat 

for increasing avian richness and secondary watercourses can be a rich resource in this 

regard. Sixty-one percent of Alamo Wash sections had four vertical vegetation layers, 

and 89% exhibited at least three layers. These results corroborate with a study done by 

Livingston and others (2003), relative to structural diversity of secondary watercourses in 

this region. In a comparison of structural diversity, secondary watercourses ranked fourth 

out of 34 land use types in the city of Tucson, AZ.    
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Vegetation Cover 

 Vegetation of Alamo Wash slightly favored native cover, mainly due to the large 

number of Mexican palo verde and desert broom. The majority of sections (54%) had 

more native vegetation cover than non-native cover. 

 Three of the seven sections with the most native vegetation cover (76-100% 

native) occurred in the northern-most mile of Alamo Wash, where the County has placed 

a trail along the watercourse which leads to the Rillito River trail. The county’s use of 

native plants in that area partially explained these results. The most prevalent species 

included four-wing saltbush (Atriplex canescens), brittlebush (Encelia farinosa), velvet 

mesquite (Prosopis velutina), blue palo verde, and two native invasive species which 

were not planted, desert broom, and Mexican palo verde. The remaining four sections 

with a high native vegetation coverage ranking were remnant patches. The most prevalent 

species in these sections were burroweed, Engelmann's prickly pear, creosote, blue 

paloverde, desert broom, and mexican palo verde. It is interesting to note the differences 

in prevalent species in the remnant patches compared to the planted native areas.  

 The five sections with the highest levels of non-native vegetation (0-25 % native) 

occurred at the far southern end of Alamo Wash in an area that was regularly bladed, 

leaving little vegetation except bermuda grass and the occasional South American 

mesquite (Prosopis x South American), Indian fig, desert broom, or Mexican palo verde.  

 The relatively high percentage of native vegetation cover overall was encouraging 

in terms of avian habitat. Multiple researchers have shown that native vegetation 

correlates positively to native avian species (Mills et al., 1989, Blair, 1996, Germaine et 
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al., 1998). Figure 5 depicts the percent native vegetation cover for all the secondary 

watercourses in the study area. High percentages of no vegetation reflect that the 

watercourse has either been paved and is functioning as a street, or that it has been 

culverted and lined with concrete for most of its length. Christmas Wash has a remnant 

buffer for much of its length, contributing to its high level of native species.   

   

 

 

Figure 5.  Percent native vegetation cover along secondary watercourses in Tucson, AZ. 
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Trends between Selected Avian Species Abundance and Land Use 

 The six selected avian species all responded negatively to commercial land use, 

while responses to the other three categories of land use varied considerably (Figure 6). 

Review of aerial photographs in the areas of species hot spots revealed that a large 

portion of land in the vacant category did contain some vegetation, and resembled 

remnant desert open space. This could explain the positive response of several species to 

this land use category. Also apparent (Figure 6) were that both Verdins and Phainopeplas 

occurred most frequently in residential areas. Conversely, the Abert’s Towhee showed a 

drastic drop in residential and commercial land use classes.  

 
 
 
 

Figure 6.  Avian species occurrence by land use category. 
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 Looking at clusters of hot spot occurrence for each of the selected avian species 

revealed many similarities between species (Figures 7 - 13). Clusters of hot spots 

occurred at the outskirts of the Tucson city limits. On the western edge of the city, four 

species shared a common cluster of hot spots in an area adjacent to the Tucson 

Mountains, with a high percentage of open space and low-density residential land-use. 

On the eastern edge of town, all six species exhibited hot spots on the northeast corner of 

the city limits, in an area adjacent to Saguaro National Park, with a high percentage of 

open space, low-density residential land-use. These occurrences suggested that proximity 

to large parcels of open space might result in higher species abundance.  

 Only the Cactus Wren showed a cluster of hot spots in a more central location. 

Each buffered hot spot in this cluster included a secondary watercourse. Three species—

Pyrrhuloxia, Verdin, and Gambel’s Quail—had single point hot spots in central Tucson. 

There were no readily apparent similarities between these centrally located hot spots. Out 

of six spots, one occurred in a low-density (1-acre-lots) residential area, four occurred in 

high-density (1/4-acre lots) residential areas, and one occurred in a 2-acre remnant patch 

of desert.   

 Three of the selected avian species, Phainopepla, Pyrrhuloxia, and Abert’s 

Towhee, occurred at very low numbers within the Tucson city limits, according to TBC 

data.  Abert’s Towhee was recorded at only a handful of sites, with occurrences within 

the city limits all along a primary watercourse. The data looked more optimistic for the 

Gambel’s Quail, Verdin, and Cactus Wren, who appeared more consistently throughout 
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the city. This implied that conditions could be created to attract more of these species 

within the city.  

 General large-scale patterns of species presence were clear from the TBC data. 

Comparing data between species, it was obvious that some species occur with much 

greater frequency outside the city limits, while for other species it is the inverse. Patterns 

of occurrence along primary watercourses, as exhibited by Abert’s Towhee, were also 

clear. However, the TBC data was not at a fine-enough scale to detect smaller patterns of 

species occurrence and distribution. Field surveys along the secondary watercourses in 

the study area for this research revealed concentrations of Abert’s Towhee, Cactus Wren, 

Gambel’s Quail, and Phainopepla which were not reflected in the TBC data. Personal 

observation as well as conclusions drawn from studies regarding the habitat value of the 

secondary watercourses (Livingston et al., 2003) suggest that secondary watercourses do 

support hot spots of avian species concentrations that were not apparent in TBC data.  

 Turner (2003) suggested that TBC data could be used to identify sites that are 

especially valuable for avian species. He stated that the “citywide dataset provides 

baseline information that can be used to show how a site of interest compares to the rest 

of the metropolitan area.” Based on the analysis of the six selected avian species, it was 

clear that additional sites along the watercourses would need to be surveyed in order to 

reveal the possible effects that the watercourses may have on bird diversity and 

abundance. Results from these non-random points along the watercourse could then be 

compared to TBC data to determine if the watercourses do result in a noticeable effect. 

Surveying non-random sites along the watercourses would be similar to TBC’s Park 
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Monitoring Program, in which specific sites (city parks) are surveyed because they are 

considered to provide valuable avian habitat. Research on the habitat range of individual 

native species would also be invaluable. Another question raised was whether all species 

are equally accounted for using the methods deployed by TBC. Perhaps a secretive and 

less common bird such as Abert’s Towhee which spends most of its time in densely 

vegetated areas, was underrepresented in the data collected, as opposed to a species 

which was easily seen and counted. Many experienced birders identify birds by ear rather 

than sight (McCaffrey, 2006). Less experienced birders may fail to identify, and therefore 

count, the more uncommon species, due to lack of familiarity with these species’ calls.
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Figure 7.  Tucson Bird Count survey sites, 2005. 
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Figure 8.  Hot spots, Cactus Wren. Hot spots within city limits are shown within ¼-mile radius white buffers. 
Hot spots outside city limits are depicted with ¼-mile radius gray buffers. 
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Figure 9.  Hot spots, Gambel’s Quail. Hot spots within city limits are shown within ¼-mile radius white 
buffers. Hot spots outside city limits are depicted with ¼-mile radius gray buffers. 
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Figure 10.  Hot spots, Phainopepla. Hot spots within city limits are shown within ¼-mile radius white 
buffers. Hot spots outside city limits are depicted with ¼-mile radius gray buffers.  
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Figure 11.  Hot spots, Pyrrhuloxia. Hot spots within city limits are shown within ¼-mile radius white buffers. 
Hot spots outside city limits are depicted with ¼-mile radius gray buffers. 
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Figure 12.  Hot spots, Verdin. Hot spots within city limits are shown within ¼-mile radius white buffers. Hot 
spots outside city limits are depicted with ¼-mile radius gray buffers. 
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Figure 13.  Hot spots, Abert’s Towhee.  
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CONCLUSIONS AND RECOMMENDATIONS                   

 

 Careful planning of greenways along Tucson’s secondary watercourses will help 

ensure that they are beneficial for a multitude of users, including pedestrians and avian 

species. The data from this study suggested that the secondary watercourses can provide 

suitable habitat for some native avian species. While data was gathered solely from 

Alamo Wash, field observations revealed that similar conditions existed in the other 

secondary watercourses within the study area. Structural diversity and native vegetation 

cover, both important factors for native avian species, were well represented along Alamo 

Wash. In addition, field observations revealed the presence of all of the selected avian 

species. Results suggested that the watercourses provided many of the elements that are 

important for support of avian species such as presence and diversity of native vegetation, 

and availability of food and nest sites. 

 Little focus on the watercourses as a public amenity has left them largely 

undeveloped and unmaintained. With the exception of watercourses that are bordered by 

service alleys, human interactions are minimal in these areas. Vegetation is largely 

untrimmed, resulting in denser cover than would be found in most residential yards or 

city parks of Tucson. This makes the watercourses valuable habitat in terms of foraging 

and nesting. Furthermore, the watercourses connect to the larger primary watercourses, 

which TBC data indicated were attractive to many species. Presence and diversity of 

native vegetation occurring along Alamo Wash was relatively high (42 species) when 
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compared to the 18 native species present in Tucson’s 23 city neighborhood parks as 

recorded  by Mehlem (2003).   

 Based on the collected data, four predominant problems associated with use of 

secondary watercourses as habitat and trail systems were revealed. These are addressed 

below through recommendations for each, and were subsequently incorporated in a 

handout appropriate for public dissemination.  

 

1. Proposed trail designs specific to the secondary watercourses need to emphasize 

preservation of habitat for native avian species. 

 Alamo Wash was the only secondary watercourse in the study area with a 

developed trail along part of its course. Several sections illustrated a wide pathway with 

little room left for vegetation (Fig. 14).  

 Figure 14. Pathway along Alamo Wash lacking planting 
space and structural diversity. 
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 These sections do not provide for all structural layers of vegetation recommended 

for habitat development, nor does space allow for the inclusion of cacti or spiny shrubs, 

both of which provide excellent cover for birds, but are not appropriate adjacent to a 

walking trail. The presence of flowers and lack of spines on many of the plants suggest 

that plants were selected for reasons of aesthetics and human comfort rather than habitat 

value.      

 

Recommendation: Trail standards for secondary watercourses need to recognize the 

limited space available along many portions of the watercourse, and create a balance 

between trail users and habitat. Figure 15 shows a narrow trail that provides a richer 

experience for trail users as well as preserving land for wildlife.  

Figure 15. Narrow pedestrian path along Alamo Wash 
with relatively high structural diversity. 
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 Many desert shrubs and cacti that provide favorable avian habit reach 5 ft. in 

width, more than the 2 – 3 ft. that current trail standards specify for plantings.  Because 

narrow secondary watercourses offer such favorable habitat for wildlife, trail width in 

these areas should be as minimal as possible.  

 Placing the trail on only one side of the watercourse would provide an area for 

avian species with limited human disturbance. Vegetation on the side of the watercourse 

without a trail would be undisturbed and allowed to maintain its natural form. This space 

would be appropriate for large, thorny, dense shrubs which provide excellent habitat and 

cover, but which may not be appropriate for trail-side plantings. The side of the 

watercourse with the trail can also provide habitat without blocking sightlines by 

choosing low-growing species, and trimming up tree branches. Factors to consider for 

trail placement include current site conditions (level of disturbance), as well as 

convenience for trail users.  

 

2. There is a need for educuating the public about watercourse-specific plants.   

 The collected data showed that a variety of vegetation is planted by homeowners, 

commercial developers, and the City of Tucson. Many of the planted species, especially 

those selected by homeowners, are non-native or invasive. Planted vegetation accounts 

for 23% of all plants along the watercourse—a substantial amount that would increase 

dramatically if watercourse trails are developed. Additional plantings behind the walls of 

residences could also increase. However, appropriate vegetation for these areas needs to 

be addressed. 
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Recommendation: The value of the natural open space provided by the secondary 

watercourses could be improved by planting species that provide for avian habitat as well 

as planting those species that would naturally occur along a watercourse. Watercourse-

specific vegetation would help create a sense of place particular to the watercourse. A 

watercourse-specific planting list would assure continuity along the length of the 

watercourse, making for a more coherent experience for trail users, as well as providing 

for wildlife-friendly vegetation. The developed list (included in the Design Guidelines 

Pamphlet in the following section) should be used for all plantings in or adjacent to the 

watercourse, and can be extended into parks, school grounds, and neighborhoods to 

create additional habitat in those areas.  

  
3. There is an educational need for informing the public about the essential 

components of these secondary watercourses for integrating avian species and 

pedestrian use, as well as explaining the multi-use philosophy.  

 The secondary watercourses run through numerous neighborhoods, and if 

pathways are implemented, neighbors could provide the support and maintenance critical 

to the success of the greenway. In addition to providing information on native avian 

species that inhabit the watercourses, and recommending plants that benefit avian 

species, a publicly distributed pamphlet would address goal setting and implementation, 

extending habitat into alleys, and yards, strategies to ensure the watercourses do not 

become a sink for species due to predation by domestic predators, and opportunities for 

ongoing community involvement.  
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Recommendation: A created pamphlet (included in the Design Guidelines Pamphlet in 

the following section) could be used by individuals, neighborhood associations, as well as 

the City and County to create effective greenways. Without everyone understanding their 

role in the greenway, conflicts can develop. The trail system at the north end of Alamo 

Wash serves as a good example what can happen if trail users do not understand design 

goals. A regular path user took it upon himself to remove mistletoe (primary food of 

Phainopepla) from trees citing concern for the trees’ health as well as aesthetic reasons. 

Large portions of understory were also removed due to fear of fire and lurking snakes. 

 

4. Further avian species data collection along the secondary watercourses is needed 

to more extensively assess the perceived value of habitat.  

 The pressure to develop natural open space increases as Tucson’s population 

expands. Field observation indicates that the secondary watercourse support avian species 

that are not commonly found in urban areas of Tucson which lack watercourses.  Data 

from this study confirms that the watercourses currently provide valuable habitat for 

native avian species.  

 

Recommendation: To determine the avian habitat value of the secondary watercourses, 

avian species data collection along the watercourse is needed. This data would be 

collected in the same manner as TBC bird data, with random sites selected along the 

watercourse. This data could then be compared to existing TBC data to see if the 

watercourses accommodate more abundance and diversity of avian species than sites not 
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situated along a watercourse. The focus on secondary watercourses would be similar to 

TBC’s existing Park Monitoring Program. This program collects data at city parks, which 

are considered to provide valuable avian habitat. 

 

Based on research by Livingston and others (2003) in which a wildlife habitats value 

index was created and applied to land cover classes in Tucson, AZ, the watercourses 

provide significantly higher potential habitat value than city parks—on a scale of 0 to 5, 

washes scored a 4.69, while parks ranked a 2.58. In addition, research by Mehlem (2003) 

investigated the avian habitat value of 23 parks within the City of Tucson and found that 

the parks had a very low percentage (ranging from one to six percent) of native 

vegetation cover. Mehlem found that the majority of vegetation cover was composed of 

large areas of turf grass. Research has proven the importance of native vegetation to 

native birds, and considering these factors it is reasonable to conclude that the 

watercourses would provide more valuable habitat for native birds than that provided by 

parks. 



a community asset avian focused.......
One side of the watercourse, shown below, is planted 
with dense scrub and unpruned trees as would naturally 
occur along a watercourse. Because there is no trail on 
this side, there are no conflicts with greenway users and 
safety. This also provides an area for avian habitat with 
limited human disturbance.

D e s i g n  f o r  a  p e D e s t r i a n  a n D  a v i a n 
f r i e n D l y  g r e e n w a y
•  Place the trail on one side of the watercourse. Factors to 

consider for placement are current site conditions (level 
of disturbance), as well as convenience for trail users.

•  Create a planting area of at least 4 ft. in width on either 
side of the path to allow for a diversity of vegetation.

•  Maintain clear sightlines for people by placing low-
growing plants along the trail. 

•  Provide an 18” buffer of thornless plants when using 
cacti or cholla near the trail. 

•  Shade the pathway for pedestrian comfort. Trees along 
the pathway can be trimmed up for user comfort. An 
understory of shrubs provides structural diversity.

•  Use cacti for defensive plantings along residential walls.
•  Plant in sunken basins to capture rainwater.

Strategies for 
integrating 

pedestrian needs 
and bird habitat 
in trail design 

along secondary 
watercourses in 

Tucson, AZ
Funded by: Arizona Game & Fish, 

Heritage Fund Program

One side of the watercourse, shown below, features a 
pedestrian trail. Vegetation provides shade, a rich visual 
experience, and habitat, without blocking sight lines. 
A carefully planned trail can help revitalize a neglected 
watercourse, and provide opportunities for people to learn 
about nature where they live.

4 ft. raised path, 
dirt or decomposed 

granite
4 ft. sunken 

planting
4 ft. planting extends 

into watercourse

D e s i g n  f o r  a v i a n  h a b i t a t
• Allow vegetation to grow unmaintained. Dense shrubs 

and tree canopies provide excellent habitat for birds. 
Allow mistletoe to grow in trees.

• Plant larger, thorny, dense shrubs that may not be 
appropriate for trail side plantings, but which provide 
preferred habitat and cover. 

• Maximize structural diversity. Include groundcovers, 
shrubs, and trees.

• Plant in sunken basins to capture rainwater.
• Remove existing non-native plant species that could 

attract non-native birds, as well as compete with native 
vegetation. During this process, make sure to leave 
ample vegetation cover.

Design and Implementation
	Carry the avian habitat theme 

through all design elements. 
For example, an old snag 
can serve as both a habitat 
element and a landmark, 
contributing to the greenway’s 
primary goal of avian habitat 
while aiding trail users with 
navigation (Kaplan, 1998).

	Learn which avian species 
are currently in the area, 
and which species could 
be attracted under the right 
circumstances. Make sure to 
include vegetation to meet 
their needs. 

	Compromise. Areas providing 
thick cover can be trail-free 
zones, while trail-side areas 
can have less dense cover 
with clear sightlines, providing 
a safer environment for pedestrians. Low growing and open 
vegetation can still work to meet greenway goals. 

Community Involvement and Outreach
	Involve the community in the formulation of greenway goals, 

as well as physically implementing the plan. If community 
members are a part of the process from the beginning, 
they are more likely to stay concerned and involved (Smith, 
1993). 

	Encourage citizen science initiatives, such as collecting 
data, monitoring the site, and analyzing information. 
Community members can track invasive plants or monitor 
the success of new plantings. Urban bird walks encourage 
public use of greenways while educating participants about 
the species found there. 

Maintenance and Enforcement
	Plan for ongoing maintenance so that the greenway 

continues to serve its goals (Smith, 1993). Community 
members can remove invasive species as well as litter. 
Ideally, the people maintaining the site would have been 
involved with the initial goal-setting and design of the 
project, so that ongoing maintenance represents the spirit of 
the project. 

	Enforce rules and educate. On-site volunteers can help 
minimize human impact by educating users on appropriate 
behavior. Restrictions on trail use may be necessary in 
some areas during breeding season. Public education 
through signs, brochures, radio, and the local school 
systems could also encourage sustainable use (Adams, 
1994).

S t e p s  f o r  G r e e n w a y  D e s i g n

Why should we care about the existence of 
wildlife in urban places? Research has shown 

that the more people are exposed to wildlife, 
the more they appreciate it. Urban areas—the 

areas that most people live—generally have fewer 
native species than natural areas (Adams, 1994), 
resulting in a less-diverse environment for urban 

dwellers. 

Through studies by Tucson Bird Count, 
researchers have learned that even small 

amounts of habitat can be sufficient to retain 
some native avian species in the urban core 

(Turner, 2003). Tucson’s secondary watercourses 
offer an opportunity to create habitat attractive 
to those species, and at the same time provide 

urban dwellers with a rich natural experience, and 
increased recreational opportunities.

natura l  spaces |  d ivers i ty  |  r i ch  exper iences
The imporTance of naTure in The ciTy

in va s i v e  sp e c i e s  i n  tu c s o n ’s  wat e r c o u r s e s
Invasive species spread and reproduce rapidly, establishing over 
large areas, and frequently outcompeting other species. Invasives 
are commonly non-native, but can be native. 

The greatest invasive species threat appears to be from non-
native African sumac (Rhus lancea) and bermuda grass (Cynodon 
dactylon). African sumac is a widely used landscape tree. Its 
dense shade appears to hinder shrubs and trees from growing 
underneath it. This tree offers little wildlife value and should be 
removed. Likewise, bermuda grass aggressively outcompetes 
native grasses while offering little in return.

Desert broom (Baccharis sarothroides) is a native invasive. 
It plays a key role in erosion control along the watercourses, 
and provides a valuable food source for several avian species. 
Thinning it will provide for greater diversity of plants, but it should 
not be eradicated.

pedestrian friendlyopportunities for birds and people two sides of the watercourse...maximizing

Dense vegetation extends from property line into watercourse

Coleman, John S., Stanley A. Temple, and Scott R. Craven. Cats and Wildlife: A 
Conservation Dilemma. U.S. Department of Agriculture, University of Wisconsin-
Extension, Cooperative Extension, 1997.
Livingston, Margaret, William W. Shaw, and Lisa K. Harris. “A Model for Assessing Wildlife 
Habitats in Urban Landscapes of Eastern Pima County, Arizona (USA).” Landscape and 
Urban Planning 64 (2003): 131-44.
Turner, Will. “Citywide Biological Monitoring as a Tool for Ecology and Conservation in 
Urban Landscapes: The Case of the Tucson Bird Count.” Landscape and Urban Planning 
65.3 (2003): 149-66.

tucson’s seconDary watercourses—rich with possibilities
Tucson’s secondary watercourses provide the highest level of 
habitat for wildlife in urban Tucson in terms of native vegetation, 
structural diversity, total vegetation cover, and escape cover 
(Livingston et al., 2003). Preserving and enhancing these corridors 
would provide needed avian habitat in the heart of Tucson. 

Adams, Lowell W. Urban Wildlife Habitats, A Landscape Perspective. Minneapolis, MN: 
University of Minnesota Press, 1994.
Kaplan, Rachel, Stephen Kaplan, and Robert Ryan. With People in Mind. Design and 
Management of Everyday Nature. Washington, D.C.: Island Press, 1998.
Smith, Daniel, and Paul Hellmund. Ecology of Greenways. Minneapolis, MN:University of 
Minnesota Press, 1993.
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Plant Name Avian Value Food Avail Growth Form Special Features Size Notes
Common Scientific Food Shelter Cover Primary Dense Open Thorns Flws Decid. H x W

Spidergrass Aristida ternipes S F  3 x 3

Arizona cottontop Digitaria californica S F  3 x 2

Bush muhly Muhlenbergia porteri S F  3 x 3

Pappusgrass Pappophorum mucronulatum S SU-F  3 x 2

Sand dropseed Sporobolis wrightii S F  3 x 2

Sixweeks fescue Vulpia octoflora S F  3 x 2

Saguaro Carnegia gigantea  SU   SP 40 x 2 One of most valuable wildlife plants in Sonoran Desert

Engelmann’s Prickly-pear Opuntia engelmannii F,I  SU  ! SP 4 x 10 Fruits and seeds popular with many birds

Cholla Opuntia sp. especially O. fulgida, 
imbricata, and spinosio  

I   ! SU 8 x 8 TYP Popular nest site for Curve-billed Thrasher and Cactus 
Wren

Desert Christmas Cholla Opuntia leptocaulis I    SU 2 x 3

Santa Rita Prickly Pear Opuntia violacea v. ‘santa-rita’ F,I  SU  ! SP 4 x 6 Purple hue

Soaptree Yucca Yucca elata I,N  SU  SU 15 x 10 Used by many birds for nest sites

Triangleleaf Bursage Ambrosia deltoidea I  SP-SU 1.5 x 2 High erosion control value

Four-wing Saltbush Atriplex canescens I,S   F-W  SP-SU 5 x 8 Seeds eaten by quail and towhees. High erosion control 
value

Quailbush Atriplex lentiformis I,S   SU  SP W 8 x 12 Silver foliage

Fairy Duster Calliandra eriophylla I,N,S  SU  SP,F W 3 x 4 Attracts hummingbirds. High erosion control value

Hackberry Celtis pallida F,I   F-W  ! SP 8 x 10 Preferred by Pyrrhuloxia for nesting. High erosion control 
value

Condalia Condalia warnockii F,I,N   SU-W  ! SP,F W 8 x 10 Frangrant bloom

Sacred Datura Datura wrightii I   SU-F 3 x 6 Night-blooming, large white trumpet-shaped flowers

Brittlebush Encelia farinosa I,S SP,SU  SP 3 x 4 High erosion control value

Creosote Larrea tridentata I,S SP,SU  SP 10 x 10 Especially fragrant after rain

Wolfberry Lycium sp. F,I,N   SU,F,W  ! SP,F S 6 x 6 TYP Popular with insectivorous birds, ground-foraging birds

Paperflower Psilostrophe cooperi I, S SP,F  SP-F 1 x 1.5

Desert senna Senna covesii I,S SU-F  SP-F 1 x 2

Globe mallow Sphaeralcea ambigua I,S SP,S  SP-F 3 x 3

Graythorn Zizyphus obtusifolia F,I   SU  ! SU W 6 x 8 Favored by Abert’s Towhee for nest sites

Whitethorn Acacia Acacia constricta I,N,S  SU-F  ! SP-SU W 10 x 15 Fragrant bloom,  good insect attractor

Catclaw Acacia greggii I,N,S  SU-F  ! SP W 10 x 15 Fragrant bloom, favorite of verdins for nest sites

Sweet Acacia Acacia farnesiana I,N,S  SU-F   SP, F 20 x 15 Fragrant bloom

Netleaf Hackberry Celtis reticulata F,I    SP W 30 x 30 Striking bark, popular with birds for fruit and nest sites

Desert Willow Chilopsis linearis I,N,S  SU-F  SP-SU 20 x 15 Flowers attract hummingbirds, quail eat seeds

Blue Palo Verde Parkinsonia floridum I,N,S  SU-F   SP 20 x 25 Popular roosting site for many species

Foothills Palo Verde Parkinsonia microphyllum I,N,S  SU-F   SP 15 x 20 Popular for nest sites

Screwbean Mesquite Prosopis pubescens I,N,S    SP W 15 x 15

Velvet Mesquite Prosopis velutina I,N,S    SP W 25 x 25 Flowers attract abundance of insects

Virgin’s bower Clematis drummondii I SP

Coyote melon Cucurbita digitata I SP-SU Wildlife eats seeds, vine trails on gound

Wild cucumber Marah gilensis I SP Grows from spring to summer, vine trails on ground

Desert milkweed Sarcostemma cynanchoides I SP-F Trails or twines, food source for monarch butterfly

roundcovers

planTing lisT for secondary waTercourses

a Food Availability: primary season that food is available for birds 
b Food: F = fruit, I = insects, N = nectar, S = Seeds
c Shelter: includes nesting and roosting
d Cover: allows ground-foraging birds to escape from predators
e Flowers: primary flowering season(s). 
f  Deciduous: W = Winter deciduous, S = Summer deciduous
g Plant in the driest areas of the watercourse, such as upper    
   banks and trailside

Native to the Sonoran Desert, and naturally found along xeroriparian watercourses, many of these plants also provide avian habitat. 
This list should be used for all plantings in or adjacent to the watercourses, and can be extended into nearby parks, school grounds, 
and neighborhoods to create additional habitat in those areas.

Section/Perspective View

habitat and a beautiful watercourse experience n a t i v e  |  a v i a n  f r i e n d l y  |  s p i r i t  o f  t h e  w a t e r c o u r s e

Cactus Wren 
(Campylorhynchus 

brunneicapillus)

Gambel’s Quail 
(Callipepla gambelii)

Pyrrhuloxia 
(Cardinalis sinuatus)

Incorporate these elements in your plantings:
	A variety of native plants that will be a source of 

food, shelter, and cover for desired birds. 
	Structural diversity—even a small area can 

include groundcovers, shrubs, and trees.
	Dead wood such as snags (for roosting and 

nesting), as well as branch piles (for cover and to 
encourage insect life) (Marzluff, 2001).

	A ‘wild area’. Dedicate at least part of your yard 
as a ‘wild area’ and refrain from pruning and 
removing leaf litter. If you have mistletoe, allow it 
to grow in this area. 

G

Cacti &
 S

ucculents
g

Shrubs

Trees

Seasons
SP = Spring (mid Feb - Apr)
SU = Summer (May - Sep)
F = Fall (Oct - Nov)
W = Winter (Dec - mid Feb)

!  Excellent for defensive planting
  Showy flowers

Birds of 
The urBan 

waTercourse

Phainopepla 
(Phainopepla 

nitens)

These are just a few of the 
native birds that inhabit 

Tucson’s watercourses. To 
learn more about Tucson’s 

birds, visit Tucson Bird Count 
at www.tucsonbirds.org.

Nests in cholla, yucca, or 
thorny shrubs. Forages 

on the ground. Diet: 
primarily insects.

Nests and forages on the 
ground. Roosts in dense 

shrubs or trees. Diet: 
seeds, leaves, and fruit.

Often seen high in desert 
trees. Diet: primarily 

mistletoe fruit, also insects.

Nests and roosts in dense 
thickets of vegetation. 

Forages on the ground. 
Diet: insects and seeds.

Nests and roosts in 
dense, thorny shrubs and 

trees. Forages on the 
ground. Diet: seeds, fruit, 

and insects.

Abert’s Towhee 
(Pipilo aberti)

Plan View of planting space above
scale: 1’ = 1/8”

Brittlebush (3)

Prickly-pear (1) Fairy duster (3)

Graythorn (3)

Saguaro (1)Catclaw (1)

Desert Grasses, Arizona Native Plant Society, 1993.
Desert Bird Gardening, Arizona Native Plant Society, 1997.
Engel-Wilson, Carolyn, “Landscaping for Desert Wildlife”, Arizona Game and Fish Department, 1992.
Marzluff, J. M., and K. Ewing. “Restoration of Fragmented Landscapes for the Conservation of Birds: A General Framework 
and Specific Recommendations for Urbanizing Landscapes.” Restoration Ecology 9.3 (2001): 280-92.
Mielke, Judy, Native Plants for Southwestern Landscapes. Austin, TX:University of Texas Press, 1993.  
Recon Environmental, Draft Work Plan for Rillito River Ecosystem Restoration and Environmental Project—Area 1, Tucson, 
Arizona, 2006.

you can Make a Difference: Feed birds by planting vegetation 
rather than putting out feeders. Provided food is one of the biggest 
factors in supporting non-native avian species such as the House 
Sparrow, Pigeon, and Cowbird (a nest predator) (Marzluff, 2001).
Supervise pets. Cats are second only to habitat loss in causing the 
extinction of bird species (Coleman et al., 1997). Birds that forage or 
nest on the ground are frequent targets for cats. Disturbance from 
dogs can be lessened by keeping dogs on a leash, and on the trail.

Turn unused sPace inTo HabiTaT this 10 ft. x 20 ft. planting 
space shows the diverse vegetation that can be supported 
behind a residential wall bordering an alley.

Vines
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Plant Name Origin Invasivea Occurrenceb Frequency 
Scientific Common     Public Private Total No. sectionsc 
Groundcovers        

Acacia redolens Freeway Acacia non-native  8 0 8 3 
Verbena gooddingii Goodding Verbena native  5 0 5 1 

Cacti/Succulents        
Agave americana Century Plant non-native  0 42 42 12 
Agave vilmoriniana Octopus Agave non-native  1 4 5 3 
Aloe saponaria African Aloe non-native  4 77 81 7 
Carnegiea gigantea Saguaro native  5 0 5 1 
Dasylirion wheeleri Desert Spoon native  101 1 102 8 
Ferocactus wislizenii Barrel Cactus native  0 7 7 4 
Fouquieria splendens Ocotillo native  2 3 5 2 
Hesperaloe parviflora Red Yucca non-native  0 3 3 1 
Opuntia acanthocarpa Buckhorn Cholla native  0 31 31 8 
Opuntia bigelovii Teddy Bear Cholla native  0 4 4 1 
Opuntia engelmannii  Engelmann's Prickly Pear native  14 159 173 15 
Opuntia engelmannii var. linguiformis Cow's Tongue Prickly Pear native  0 56 56 8 
Opuntia ficus-indica Indian Fig non-native x 0 498 498 26 
Opuntia imbricata Tree Cholla native  0 2 2 1 
Opuntia microdasys Bunny Ears non-native  8 14 22 4 
Opuntia violacea v. 'santa-rita' Santa Rita Prickly Pear native  14 33 47 10 
Opuntia arbuscula  Pencil Cholla native  0 5 5 2 
Yucca baccata Banana Yucca native  0 5 5 1 
Yucca elata Soaptree Yucca native  5 0 5 2 

Shrubs/Bunch Grasses        
Ambrosia deltoidea Triangleleaf Bursage native  10 0 10 2 
Arundo donax Giant Reed non-native x 0 7 7 2 
Atriplex canescens Four-wing Saltbush native  510 0 510 4 
Buddleia marrubifolia  Woolly Butterfly Bush  non-native  0 1 1 1 

Table 4.  Planted species origin, occurrence and frequency in 55 sections along Alamo Wash, Tucson, AZ.

Table continued on next page Table continued on next page 

APPENDIX A
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Plant Name Origin Invasivea Occurrenceb Frequency 
Scientific Common     Public Private Total No. sectionsc 

Caesalpinia pulcherrima Red Bird of Paradise non-native  0 16 16 2 
Calliandra eriophylla Fairy Duster native  8 0 8 3 
Cassia artemisioides  Feathery Cassia non-native x 14 5 19 3 
Cassia nemophila  Desert Cassia non-native x 18 0 18 1 
Cassia phyllodinia Silver Leaf Cassia non-native x 3 0 3 1 
Celtis pallida Hackberry native  33 8 41 7 
Cotoneaster lacteus Red Clusterberry non-native  0 12 12 1 
Dodonea viscosa Hopbush native  94 5 99 6 
Encelia farinosa Brittlebush native  166 2 168 6 
Justicia spicigera Mexican Honeysuckle non-native  1 0 1 1 
Lantana camara Lantana non-native x 0 23 23 6 
Larrea tridentata Creosote native  26 2 28 3 
Leucophyllum frutescens  Texas Ranger non-native  21 8 29 5 
Leucophyllum laevigatum  Chihuahuan rain sage non-native  53 0 53 1 
Lycium fremontii Wolfberry native  11 0 11 1 
Muhlenbergia rigens Deer grass native  15 0 15 1 
Nerium oleander  Oleander non-native  0 159 159 14 
Pyracantha sp. Pyracantha non-native  0 16 16 2 
Salvia greggii Autumn Sage non-native  13 0 13 1 
Simmondsia chinensis Jojoba native  38 2 40 4 

Trees        
Acacia constricta Whitethorn Acacia native  20 0 20 2 
Acacia greggii Catclaw native  20 4 24 8 
Acacia salicina Willow Acacia non-native  0 9 9 3 
Acacia farnesiana+A52 Sweet Acacia native  29 4 33 8 
Celtis reticulata Hackberry native  2 0 2 1 
Chilopsis linearis Desert Willow native  12 0 12 5 
Eucalyptus camaldulensis Red Gum non-native  0 2 2 1 
Eucalyptus microtheca  Coolibah non-native  0 2 2 1 
Eucalyptus polyanthemos Silver-dollar Gum non-native  0 5 5 1 

Table 4 cont.  Planted species origin, occurrence and frequency in 55 sections along Alamo Wash, Tucson, AZ. 

Table continued on next page 
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Plant Name Origin Invasivea Occurrenceb Frequency 
Scientific Common     Public Private Total No. sectionsc 

Gleditsia triacanthos Honey Locust non-native  0 2 2 2 
Ligustrum lucidum Common Privet non-native  0 3 3 1 
Olea europea Olive non-native  0 4 4 1 
Parkinsonia floridum Blue Palo Verde native  85 0 85 9 
Parkinsonia hybrid ‘Desert Museum’ Desert Museum Palo Verde native  0 2 2 1 
Parkinsonia microphyllum Foothills Palo Verde native  1 0 1 1 
Phoenix canariensis Canary Island Palm non-native x 0 3 3 2 
Pinus halepensis  Aleppo Pine non-native  0 7 7 3 
Pithecellobium flexicaule Texas Ebony non-native  0 4 4 2 
Prosopis velutina Velvet Mesquite native  108 3 111 7 
Prosopis x South American South American Mesq  non-native  74 0 74 8 
Punica granatum Pomegranate non-native  0 10 10 2 
Rhus lancea African Sumac non-native x 0 4 4 2 
Schinus molle California Pepper non-native  0 1 1 1 
Washingtonia robusta Mexican Fan Palm non-native   0 2 2 2 

a Invasive: a native or non-native species which reproduces and spreads rapidly, establishes over large areas, and persists 
b Occurrence: Public = number of species planted by a commercial developer, the City of Tucson, or Pima County; Private = number of   species 

planted by private residents 
c No. sections: The number of sections in which a species occurred. 55 of 57 sections were used because two sections are underground  
 

Table 4 cont.  Planted species origin, occurrence and frequency in 55 sections along Alamo Wash, Tucson, AZ. 
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