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ABSTRACT 
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This thesis integrates wildlife management and 

biology, urban residential development, and the hydrology 

of desert watercourses. Literature is surveyed within each 

area and information is applied to the issue of wildlife 

conservation in urbanizing areas of Eastern Pima County. 

It is recognized that some natural wildlife habitats 

and wildlife species are valued by urban residents. 

Valuable areas of wildlife habitat are being list due to 

conventional residential development strategies. This 

paper discusses the impact of typical residential 

development on native Southwestern wildlife species and 

habitat. Alternative development design guidelines are 

proposed which would provide viable wildlife habitat 

within developed areas. 

Design guidelines which are presented in this paper 

are applicable to low elevation arid areas in the 

Southwest where developers are seeking to integrate 

natural wildlife habitat within residential areas. 
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1. INTRODUCTION 

Statement of the Problem. 

The Tucson metropolitan area continues to grow 

rapidly. Growth projections through the year 2000 show the 

population of Pima County increasing by fifty-one percent, 

with an increase in the Tucson area of twenty-seven percent 

(Tucson Trends 1986). Much of this growth will occur in the 

scenic and biologically rich desert areas in the foothills 

around Tuscon. Land development for residential and 

commercial uses is quickly transforming the natural desert 

into asphalt, buildings and exotic landscaping. This 

conversion of natural land to the built environment results 

in the loss of habitat for native wildlife. This loss is 

especially significant when habitats associated with 

streams and watercourses are modified or destroyed by 

development. Although the loss of riparian habitat is 

becoming a concern of residents and planners, appropriate 

planning and design guidelines that would protect these 

resources are still lacking. 

In 1983 Tucson experienced major floods which caused 

considerable property damage. Since that event the network 

of natural watercourses: in the metropolitan area has 

received a great debl of attention. That attention has 

focused on flood control aspects of riparian areas. County-



planned channelization is completed or underway on many 

major streams,' and bank stabilization on minor washes is 

almost synonymous with development. 

As programs for flood and erosion control continue, 

questions arise about the natural values associated with 

riparian areas. An awareness of the multiple use potential 

of watercourses is growing within the agencies which 

regulate use of these riparian areas. The public is also 

becoming aware of what is being lost as a result of poor 

planning and management of urban riparian areas. 

Recreation, open space, wildlife habitat, water recharge, 

and aesthetics are gaining recognition as appropriate uses 

for natural watercourses in Pima County (Pima County Design 

Commission 1986, Pima County Open Space Committee 1986, 

Shaw et al. 1986, ULI/AIA 1984). 

Development of riparian areas without the permanent 

loss of natural resource values requires innovative 

planning and design. Developers, planners and designers 

must recognize the value of riparian areas and recognize 

opportunities for conservation. An understanding of 

techniques for integrating wildlife habitat within 

development is also ne-cessary. To accomplish this, the 

principles of wildlife conservation must be applied by 
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planners and designers in the development of urban areas 

(Newhouse 1984, Brush 1977, Burns 1986, Rodiek 1986); 

Importance of Wildlife to Urban Residents. 

Wildlife and the natural areas which support it are 

important resources to the city dweller. Witter et al. 

(1981) found that Tucson residents view wildlife in the 

city as an asset rather than a liability. Ninety-three 

percent of respondents described the wild animals around 

their homes as "enjoyable" rather than "pests". Research 

shows that a high proportion of nonconsumptive use of 

wildlife occurs in residential settings (Shaw et al. 1985, 

Witter et al. 1981). The most common activities included 

feeding wildlife and "taking special interest in wildlife 

around your home" (Shaw et al. 1985). Shaw found that more 

than fifty-two percent of adult Americans engaged in 

wildlife oriented activities where enjoyment of wildlife 

near their homes was the primary objective. In his study of 

Tucson residents, Szot (1975) found that over ninety-two 

percent of respondents enjoyed seeing wildlife in their 

backyards. Some respondents said that their choice of 

homesite reflected a desire to be near wildlife. The 
t 

majority ot respondents considered urban wildlife to be a 
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valuable resource and indicated that the presence of 

wildlife contributed to the quality of life in the city. 

Several studies indicate that conservation of wildlife 

habitat within residential developments may make a more 

desirable place for people to live. Ulrich (1984) found a 

consistent preference for natural scenes with vegetation 

over views of the man-made environment. Pudelkewicz (1981) 

found a significant positive correlation of residents' 

visual preferences with high ratings of wildlife habitat 

diversity. Residents enjoyed viewing diverse natural areas 

that support wildlife. 

Natural features in a residential setting may increase 

property values. The value of properties near parks tends 

to be higher and more stable than those of comparable sites 

not near public green spaces. Front yard trees and 

landscaping on developed residential lots contribute almost 

fifteen percent to property value (Arizona Republic 1987). 

In one study (Ulrich 1984), shoppers were willing to drive 

a longer route to shopping more than fifty percent of the 

time in order to enjoy the scenic natural beauty along the 

way as compared with a faster, less scenic, highway route. 

Clearly the presence of wildlife and wildlife habitat 

can be a significant amenity in residential environments. 

Wildlife conservation and home building are not necessarily 
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incompatible. Closer collaboration between wildlife 

biologists and engineers, architects, planners and others 

concerned with the development of housing facilities could 

accomplish much towards the goals of maintaining and 

enhancing opportunities for Americans to participate in 

wildlife-oriented recreation activities in residential 

environments (Shaw et al. 1985). 

Importance of Riparian Habitat in Tuscon. 

The Tucson basin is characterized by exceptional 

topographic and biological diversity. Large and small 

watercourses and their associated plant communities form 

well defined networks throughout the metropolitan area. The 

biotic diversity of these riparian areas represents a 

significant natural and scenic resource for area residents. 

The opportunity to integrate this natural resource into 

urban developments as recreational and aesthetic amenities 

has been recognized by local resident and planning groups 

(City of Tucson 1969, 1970; Houghton Neighborhood 

Association 1985; Old Fort Lowell Neighborhood Association 

Inc. 1986; Pima County Urban Design Commission 1986; Shaw 

et al. 1986; ULI/AIA 1984). 

Stream-side habitats were never abundant in Arizona 

and over the past century these important wildlife areas 
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have become increasingly scarce as a result of the lowering 

of water tables and the conversion of land for human 

development. Now it is estimated that in Arizona, riparian 

areas represent less than one half of one percent of the 

land and that less than five percent of the original 

deciduous riparian woodland remains (Johnson 197 8). 

Although more than seventy percent of Tucson's riparian 

resource has been lost as a result of urbanization, what 

remains still forms a critical and significant environment 

for native plants and animals (Burns et al. 1986). 

Representatives of some of the most productive riparian 

environments remain within the metropolitan area including 

cottonwood and mesquite forests, perennial desert streams, 

and marshes (Shaw et al. 1986). 

Southwestern riparian environments have long been 

recognized for their importance to wildlife (Cross 1985, 

Hubbard 1977, Johnson and Carothers 1982, Shaw et al. 

1986). Riparian habitat is important to wildlife because 

when compared with upland habitats it supports greater 

plant productivity and structural diversity, and it often 

includes a source of surface water (Thomas et al. 1979). 

Most riparian environments support an exceptionally high 

diversity of wildlife species relative to adjacent habitat 

types (Jakle and Gatz, 1985). 
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Numerous species of birds breed and nest in 

southwestern riparian habitats (Szaro 1980). Some of these 

riparian habitats support the highest bird population 

densities of forest habitat types in North America 

(Johnson, 1984). Studies by Johnson et al. (1977) show that 

more than fifty percent of 166 breeding bird species 

studied in Arizona and New Mexico were completely dependant 

on stream-side habitat. These habitats are also important 

to migrating birds who use them as rest stops in their 

movements across long distances and between upland and 

lowland areas (Shafer 1980, Stevens et. al. 1977). Mammals 

use riparian corridors as travelways, for shade, food and 

escape cover (Cross 1985, Krausmann et al. 1985). Some 

reptiles, including the Arizona Skink and the Greater 

Earless lizard are found only in riparian habitat (Jones 

1985). Streamside . environments are responsible for 

producing and maintaining a large degree of the biotic 

diversity found in the Southwestern United States (Hubbard 

1977) . 

Importance and Scope of this Study. 

In metropolitan Tucson large areas of Sonoran Desert 
* 

upland habitat and associated riparian areas are being 

converted for residential development. This study will 
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focus on these riparian areas classified as xeroriparian 

(Johnson et al. 1981). These are watercourses defined as 

mesic to xeric environments with average annual moisture 

higher than the surrounding uplands. This paper will 

describe their significant characteristics, and propose 

design guidelines for residential developments on sites 

containing these watercourse systems. Results will be 

applicable to low elevation zones throughout the Southwest. 

This study will be of interest to those concerned with 

urban planning and citizens concerned with the conservation 

of urban wildlife resources. 

A wealth of information is available from research 

into the functioning of riparian areas. However, very 

little of this research specifically addresses the 

xeroriparian systems of the Southwest. The proposed design 

guidelines are based upon available information. Further 

research is necessary to develop more specific guidelines. 

Study Goals and Objectives. 

The goal of this study is to provide information 

useful to planners, developers, and designers about 

xeroriparian wildlife and the methods for integrating 

riparian wildlife values into site planning. The objectives 

of the study are to: 
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o Provide an overview of the ecological and physical 

elements which characterize the xeroriparian wildlife 

habitat and which influence site planning and design 

decisions. 

o Provide an overview of the impacts to riparian wildlife 

associated with residential development in the desert. 

o Provide an overview of site planning strategies which 

classify and assess wildlife resources on the site, 

o Provide site design guidelines for riparian wildlife 

conservation in residential developments. 

2. METHODS 

Methods include a literature review and analysis, 

informal interviews with professionals, and observation of 

existing developed landscapes. 

A literature review provides the basis for 

understanding the ecology and hydrology of urban riparian 

areas. The literature also provides information on planning 

and design for urban wildlife. Information will be 

evaluated from two perspectives; application to 

Southwestern riparian wildlife habitats, and application 

to residential site planning and design. 

Extensive information is available on the ecology of 

desert riparian ecosystems (Anderson et al. 1977, Bull and 
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Skovlin 1982, Carothers et al. 1974, Shafer 1980); the 

significance of riparian habitat to wildlife (Gavin 1972, 

Odum 1978, Stevens et al. 1977, Szaro 1980); and the 

hydrology of desert watercourses (Brady et al. 1985, DeBano 

and Heede 1987, Fenner et al. 1985, Graf 1980, Szaro and 

DeBano 1985) . Another body of literature details approaches 

and techniques for enhancement and restoration of riparian 

plant communities for wildlife (Anderson and Ohmart 1985, 

Glinski 1977, Juelson 1980). Designers and developers have 

in some cases successfully incorporated wildlife values 

into their development plans (Holub 1984, McHarg and Sutton 

1975, Vilkitis 1978) . A number of studies have examined how 

people perceive and value wildlife in urban areas (Black et 

al. 1985, Pudelkewicz 1981, Shaw 1985, Szot 1975). And 

finally, although somewhat limited to more mesic 

environments, the results of research on urban wildlife 

ecology and management are available (Alden 1974, Emlen 

1974, Leedy and Adams 1984, MacMullen 1968, National 

Institute for Urban Wildlife 1986, and Stenberg and Shaw 

1987) . 

t 
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3. SONORAN DESERT XERORIPARIAN HABITAT 

Definition of Xeroriparian. 

A riparian association of any kind is one which occurs 

in or adjacent to drainageways and/or their floodplains. 

These areas are further characterized by species and/or 

life forms different from that of the immediate surrounding 

non-riparian areas (Lowe 1964) . Riparian areas are 

functionally wetlands since they are supported by inflowing 

water, be it perennial, intermittent, or ephemeral (Bull 

and Skovlin 1982). 

Xeroriparian environments are defined as mesic to 

xeric habitats with average annual moisture higher than the 

surrounding uplands. These areas are provided with surface 

moisture in excess of local rainfall only on infrequent 

occasions (usually for less than one month per year) 

(Johnson et al. 1981). 

Physical Characteristics of Xeroriparian Watercourses. 

Dry washes are a characteristic element of the Sonoran 

Desert Upland (Dunbier 1968). These watercourses form a 

well defined network throughout the Tucson metropolitan 

area (Shaw et al. 1986). 
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FIGURE 1. Tucson watercourse network. 

In contrast to the rapidly eroding channels 

characteristic of many urbanized areas, natural desert 

riparian environments are hydrologically and biologically 

stable systems supporting mature, long-lived trees and 

shrubs (Johnson et al. 1979). 

Other tactors which characterize the immediate 

environment o£ desert watercourses include increased 

humidity, lower temperatures and lower surface wind speeds 

as compared with adjacent upland conditions. Consequently 
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the rate of evapotranspiration is lower (Campbell 1970). 

The riparian environment of the desert wash is buffered by 

vegetation from the heat and desiccation of the adjacent 

desert. A micro-climate is created within the riparian 

corridor which supports species which could not survive in 

the upland desert. 

Desert stream systems are dynamic. The variables of 

most importance in stream dynamics include; stream 

discharge, longitudinal slope, sediment load, resistance of 

banks and bed to movement of flowing water, vegetation, 

temperature, geology, and the works of humans (Heede, 

1980). The relationships are complex. For example, over 30 

variables are involved in the process of sediment 

transport. Some generalizations can be made about the 

function of stream dynamics which relate to human 

development adjacent to desert watercourses. For example, 

when stream sections are shortened, as with some 

channelization, stream gradient will increase, sediment 

transport will increase and erosion will result. On the 

other hand, some development features such as road dip-

crossings may locally stabilize the streambed and enhance 

the riparian plant community. 
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FIGURE 2. Cross-section (typical) of desert wash. 

The concept of dynamic equilibrium is useful to apply 

to stream ecosystems and their stage of development. After 

a local disturbance such as construction of a road crossing 

the stream will adjust to the new physical situation. This 

may occur within a relatively short time period, perhaps a 

few years (Heede 1982). However if impacts to the 

watercourse are occurring repeatedly, the system may 
t 

continue in disequilibrium, causing excessive erosion or 

deposition. The magnitude of changes associated with an 
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imbalanced stream system can be unpredictable. Potential 

channel adjustments include bank erosion and increased 

width, meandering or braiding, and bed profile changes 

(DeBano and Heede 1987, Heede 1980). Major watercourses 

within the Tucson area, including the Rillito and Santa 

Cruz Rivers, are examples of stream systems undergoing 

massive changes in bed profile and sediment transport 

rates. These stream systems are moving toward a new level 

of equilibrium. Instability is induced by the impacts of 

urban development and storm runoff. 

Stream systems function as an interconnected network. 

The impacts of any changes will eventually affect the 

entire system. As urbanization of Tucson reaches higher 

into the watershed, impacts to the watercourse network are 

becoming more pervasive and significant. 

Stream restraining measures must be applied with great 

caution so that treatment of one location does not lead to 

problems elsewhere in the system. In some situations, 

treatment "side effects" may actually be more detrimental 

to the attainment of a new equilibrium condition than no 

treatment (Heede 1980). 

Stream corridors are well recognized for their role in 
t 

controlling water and nutrient runoff. Water runoff and 

consequent flooding are both minimized when eflective 
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stream corridors extend to the uplands on both sides of a 

stream. Bank erosion and mineral nutrient runoff are also 

inhibited with large streamside buffers. Consequently, the 

amount of sedimentation and siltation within the channel 

may be minimized (Forman and Godron 1986). 

SUMMARY. 

o In general, natural xeroriparian environments are 

hydrologically and biologically stable systems supporting a 

greater diversity and abundance of native plants and 

animals than adjacent upland habitat. 

o Watercourse size is influenced by watershed area, 

rainfall patterns, soils, stream gradient and character of 

adjacent development. 

o Xeroriparian habitats provide an environment for wildlife 

which can not survive in the hot, dry upland. 

o Stream-flow, surface runoff and flooding are primary 

mechanisms causing interactions among living and non

living elements in the Sonoran Desert. 

o Natural desert stream systems maintain a dynamic 

equilibrium within thu landscape. Local impacts to a 

watercourse may change . the form and functioning of the 

system, and affect the riparian environment. 
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o Desert stream systems function as an interconnected 

network of valuable habitat within the desert landscape, 

o Riparian corridors may control water and nutrient runoff, 

bank erosion, and rates of sedimentation. 

Biotic Function of Riparian Corridors. 

Riparian corridors have long been recognized as 

ecologically important because they facilitate the flow of 

species, individual animals, and genes throughout the 

landscape (Noss and Harris 1986). Riparian corridors can 

serve as biological links between other habitat areas 

(Forman 1981). These corridors act as particularly 

effective links in the Sonoran Desert when they include a 

topographic gradient to upland habitat, thereby creating a 

living link between highland and lowland habitat. The 

preservation of stream corridors can be a critical 

"restocking" factor for urban habitat islands which 

typically suffer from high species extinction rates and 

mortality (Davis and Glick 1978). 

Stream flow, surface runoff and flooding are primary 

mechanisms causing interactions among biotic and abiotic 

elements in the Sonoran Desert landscape. The quantity and 

frequency of flow (hydroperiod) is also the key factor that 

determines plant composition and productivity (DeBano and 
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Heede 1987, Odum 1978). Projects which change the 

hydroperiod of a watercourse may alter the ability of the 

established riparian plant community to maintain its 

dominance (Shafer 1980). Watershed development may affect 

the biotic quality and productivity of the riparian 

corridor. 

SUMMARY. 

o Riparian corridors include the channel and the riparian 

plant and animal community on both sides. 

o Riparian corridors are important biological links and 

facilitate the flow of species, individual animals and 

genes throughout the Sonoran Desert landscape. 

o Changes to the volume, velocity and frequency of stream-

flow may impact the plant community of the riparian 

corridor. 

Plants and Wildlife of the Xeroriparian Corridor. 

Xeroriparian watercourses of the Sonoran Desert 

provide critical habitat for numerous plants and animals. 

This riparian habitat functions as a source of food, water, 

and cover as well as providing the important connection 
t 

between landscape elements which healthy wildlife 

populations require. Riparian habitats contribute to the 
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biotic diversity of desert environments in disproportion to 

their area. Many bird species are dependant on the abundant 

plant life of desert washes for nest sites. The 

xeroriparian "oases" are favored by wintering and migrant 

bird species (Johnson and Haight 1985). Riparian corridors 

are important to large and small mammals that may inhabit 

the corridors and that use them as travel or dispersal 

corridors between larger habitat islands (Cross 1985, 

Krausmann et al. 1985). Deer use of xeroriparian washes 

depends on their need for forage, cover and thermal 

regulation. Desert mule deer seem to prefer mid-sized 

washes (25-150 meters wide) because of the high plant 

species diversity and available cover. 

The structure and width of the plant community 

associated with a desert watercourse depends on a number of 

factors including watershed area, amount of scour from 

flooding, and shading or availability of sunlight. These 

factors will determine what plant species will survive 

along the wash. Plants found in the riparian corridor can 

be classified as obligate riparian, preferential riparian 

or upland species (Johnson et al. 1979). 

Obligate riparian plants are entirely dependant upon 
t 

the higher soil moisture content found in the soils of the 

riparian zone. These plants may also be dependant: on 
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periodic flooding for seed distribution, germination, and 

seedling establishment (Glinski 1985). Obligate riparian 

species such as Cottonwood, Sycamore and Willow are 

generally located along the banks or in the channel itself, 

or in an area which receives frequent flooding (Lowe 1964) . 

Preferential riparian species may be found in both the 

upland and the riparian zone, but typically grow in greater 

abundance and to larger sizes when they are in the riparian 

zone. For example, mesquite trees will grow to great size 

in some riparian environments, but remain of small or 

moderate size in the dry uplands. 

Upland plant species are primarily associated with the 

dryer upland desert environment, but may sometimes be found 

growing in the riparian environment. 

« 
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FIGURE 3. Plant types associated with xeroriparian washes. 

Stream systems are classified according to Horton 

(1945) starting at the highest point in the watershed with 

first order watercourses. Where two first order washes join 

they form a second order wash and so on. Stream order 

increases only when two streams of like order join. 

Botanical features of the riparian corridor were found to 

vary in a predictable way- in relation to the physiography 

of the drainage. * Both the distribution of individual 

species and species groups, and patterns of general plant 
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diversity, are strongly related to watershed area, and in 

turn to stream order (Johnson et al. 1979). Riparian 

vegetation typically grows within the channel of first and 

second order washes. In third order washes the channel 

begins to open up with a narrow vegetation corridor along 

the banks. The plant corridor widens as a flood plain 

develops along larger order watercourses. Trees may 

dominate the banks of watercourses with watershed areas 

exceeding one square mile. 
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FIGURE 4. Major and minor floodplains. 
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According to a study by Warren and Anderson (1985), 

plant species diversity is highest at intermediate stream 

orders (third and fourth). This may be due to the lack of 

scour, the abundant light, and the contribution of species 

from adjacent upland habitats. As watershed area increases 

and watercourses become larger, the diversity of both 

preferential and obligate riparian plants decreases. Scour 

from flooding removes plant species which grow in the 

channel, other species are shaded out by the more abundant 

overstory, and a higher soil moisture enables riparian 

species to out-compete desert upland species. However, as 

species diversity decreases in higher order washes, the 

structural diversity of the plant community and the 

contrast between the riparian plant community and upland 

desert becomes more extreme. 

* 
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FIGURE 5. Relation between watercourse size and species 
diversity and structural diversity. 

SUMMARY. 

o The riparian corridor is critical habitat for many desert 

plants and animals. 

o The corridor contains a mix of plant species including 

obligate and preferential riparian species, and upland 

species. 

o The. abundance, type, . size and distribution of plant 

species growing within the corridor depends primarily on 

thr size and physiography of the immediate watershed. 
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Importance of Xeroriparian Habitat as Compared with Upland 

Desert. 

In general, the xeroriparian habitat supplies a more 

abundant and greater variety of the food, water and cover 

needed by wildlife than does the adjacent upland desert 

habitat. The additional water and soil moisture found in 

the riparian zone supports plant growth not found in the 

upland desert. The plants in turn support some animals that 

are rare or absent in the upland desert as well as many 

species which utilize both habitat types. Xeroriparian 

habitats may support five to ten times the bird population 

densities and species diversity of the desert uplands 

(Johnson and Haight 1985). 

Riparian wildlife may utilize adjacent desert upland 

habitat for food and other resources. In one study between 

forty-one and eighty-four percent of riparian bird species 

were found to regularly use the adjacent upland habitats 

(Szaro 1980). The quality of areas adjacent to riparian 

habitats plays a major role in determining the composition 

of the riparian wildlife community (Krausmann et al. 1985, 

Szaro 1980). Adjacent habitats of low value to birds may 

promote higher concentrations of birds in the riparian 

habitat (Stevens e^ al. 1977). The riparian habitat gains 

.importance to wildlife as the upland is developed for human 
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uses. Deer are especially dependant on desert washes when 

upland habitat is of poor quality or has been converted by 

urbanization (Krausmann et al. 1985, Ordway and Krausmann 

1986). A study of reptile species diversity found that in 

comparison to mesquite woodland and desert upland, the 

desert wash habitat had the highest species diversity and 

equalled the desert upland in population abundance (Jakle 

and Gatz 1985, Jones and Glinski 1985). This greater 

species diversity is the result of the increased variety of 

micro-habitats found in the desert wash environment. 

The riparian habitat may also be more important to 

certain wildlife species during certain seasons of the year 

and times of the day. Many animals which utilize both 

upland and riparian habitat depend upon the cooler and 

shadier riparian environment during the hot summer days. 

The interface between the riparian environment and the 

upland desert forms an "edge" habitat. Different plant 

communities come together at this edge. Johnson et al. 

(1979) found that by measuring the difference in vegetative 

diversity and density between desert upland habitat and 

riparian habitat, the edge between these habitats can be 

found. This interlace or' "edge" between the two habitats 
i 

has some features of particular importance to wildlife. As 

the larger riparian trees and shrubs phase into the sparser 
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upland plant community a mingling of upland and riparian 

plants occurs. As a result, the structural diversity of the 

"edge" habitat may be higher than either the riparian or 

upland alone. Some wildlife species prefer this edge 

habitat over the riparian and upland habitat. Other 

wildlife species may use the edge habitat on a seasonal or 

daily basis for certain life needs. In describing the "edge 

effect" Aldo Leopold (1933) noted that animals seek the 

edge because they have simultaneous access to more than one 

environmental type, and they have access to a greater 

richness of desirable border vegetation. In edge habitat 

there is often a mixing of the wildlife species common to 

each adjacent area as well as other species which may be 

unique to the edge. The difference between the riparian 

plant community and the upland plant community typically 

becomes more pronounced as the watercourse becomes larger. 

Thus, the edge habitat gains significance at higher order 

watercourses. 

« 
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FIGURE 6. Concept of edge environment. 

SUMMARY. 

o In general riparian habitat supports a greater diversity 

and abundance of wildlife than the adjacent upland, 

o Riparian habitats provide more of the basic wildlife 

needs of food, cover and water, than adjacent upland, 

o Riparian habitats may become more important to some 

species during certain seasons of the year, and times of 

the day, or when' upland is of poor quality or lost to 

development. 
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o The transition zone between riparian corridor and the 

upland forms ah "edge" habitat of particular significance 

to some wildlife. 

Impacts to the Riparian Corridor Associated with Urban 

Residential Development. 

The following is a narrative and discussion of the 

impacts to desert riparian wildlife associated with 

development of the typical residential subdivision. The 

typical subdivision allocates no common open space and 

breaks the entire developed area into lots, drainage 

features, and transportation corridors. Major impacts 

associated with this type of development include direct 

loss of habitat, fragmentation of habitat, and change in 

the population density and species diversity of resident 

wildlife. Impacts generally cover the entire site and are 

long-term or irreversible. 

1. Habitat Loss. The direct loss of wildlife habitat 

is the most significant impact of this development type. 

Loss of habitat results from site grading and preparation, 

and from stream channelization and inadequate setbacks from 

watercourses. The loss of- riparian habitat may be a more 

significant loss £han the conversion of upland desert 

because of the higher wildlife value of riparian habitat:. 
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Loss of habitat is generally a permanent impact. Some 

plants on the site may be suitable for salvage and 

replanting at a later date. However, revegetation efforts, 

and tree and cactus salvage and transplant operations can 

only partially compensate for the loss of the original 

spatially and structurally complex mix of biotic and 

abiotic elements which constitute a wildlife habitat. 

2. Habitat Fragmentation. The fragmentation of 

riparian habitat by roads, drainage features, closely 

spaced house lots, fences, graded land, etc. is the second 

most significant impact associated with development in the 

Sonoran Desert. Habitat fragmentation is a serious threat 

to the integrity of watercourse systems. Throughout the 

Southwest watercourses have been channelized and developed 

without adequate setbacks. Many of these developments 

interrupt very productive riparian corridors. As a result 

the riparian system becomes increasingly fragmented (Noss 

1987, Simberloff and Cox 1987). 

Habitat fragmentation generates at least two different 

problems. First is the loss of large, wide ranging, or 

ecologically specialized species that cannot be "contained 

within" remaining patches of inadequate size or cannot 
t 

tolerate human disturbance. Second is the progressively 

increasing domination of remaining habitat fragments by 
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opportunistic and eurytopic species that are characteristic 

of developed .and disturbed landscapes (Noss and Harris 

1986) . In the Sonoran Desert this means the likelihood of 

losing Mule Deer, Javelina, Fox, and other wide ranging 

species either because they have been cut off from habitat 

they traditionally used or because they cannot survive in 

the amount of habitat left. The second implication is the 

elimination of sensitive species with special habitat 

needs. These species are replaced by less sensitive species 

such as pigeons, starlings, and house sparrows which can 

tolerate disturbed habitat (Davis and Glick 1978). Because 

of disturbance, fragmentation and increasing isolation of 

habitat "islands", the flow of species, individuals and 

genes out of and into the fragmented habitat is restricted 

and diversity declines. Habitat islands are not stable 

ecosystems and are vulnerable to rapid changes in 

population number and species decline. 

3. Change in Species Composition and Numbers. The 

replacement of natural Sonoran Desert habitat with the 

typically fragmented and exotically landscaped subdivision 

environment will result in a major change in the species of 

wildlife able to survive; in the urban area (Emlen 1974) . 

For example, urban areas tend to have very high numbers of 

relatively few bird species. Species with broad 
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requirements dominate (Davis and Glick 1978). A revealing 

study by Emlen (1974) found that of fourteen bird species 

residing in the urban Tucson study area, three, comprising 

two-thirds of the individuals, are alien invaders from 

distant lands; five species with 22% of the individuals are 

native species with wide geographical ranges and ecological 

tolerances; and six, with only fifteen percent of the 

individuals are local species closely identified with our 

southwest desert habitat. 
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FIGURE 7. Composition of an urban Tucson bird 
community, from Emlen (1974). 
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Urban landscape features promote the survival of some 

species and may cause the elimination of others. Lawn areas 

and the development and proliferation of artificially 

watered non-native trees and shrubs usually results in an 

increase in the insectivorous and granivorous birds such as 

house sparrows and starlings. Building features such as 

overhanging eaves and roof tiles provide nesting sites for 

non-native crevice-nesters such as the house sparrow 

(DeGraaf and Wentworth 1986). In his study of a Tucson 

suburb Emlen (1974) found the population of this one non-

native species outnumbered the populations of all other 

bird species studied. 

Additional factors such as traffic, noise, and 

domestic dogs and cats can severely impact wildlife species 

diversity within a residential area. Native ground-nesting 

birds such as Gambels Quail are unable to reproduce in many 

urban areas because of predation by house cats. House cats 

also prey on lizards. 

Cactus nesters such as the Cactus Wren and Curve-

billed Thrasher are generally eliminated from developments 

along with the cactus they need for nesting. Loss of 

Saguaros affects native- cavity-nesting birds such as 

Western Screech Owl, Elf owl, Common Flickers, Purple 

Martins, Lucy's Warbler, and Ash-throated Flycatcher (Bull 
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and Skovlin 1982). These species may be further impacted by 

Starlings and House Sparrows (both exotics) which may 

compete for any cavities that remain. Emlen found that 

native low flying bush species including Bendire's 

Thrasher, Pyrrhuloxia, and Brown Towhee and one ground 

pouncing arboreal species, the Loggerhead Shrike were 

eliminated from the urban area presumably as a result of 

relentless disturbance from traffic and other human 

activities. 

Territorial species including Mocking Birds, Gila 

Woodpecker, and Cardinals were found by Emlen in some cases 

uo be more prevalent in the urban subdivision than in their 

usual desert habitat. The extensive use of the abundant and 

veil distributed telephone lines and antennas as song and 

< ailing perches may contribute an important habitat feature 

cor these species. 

The loss of leaf litter and woody debris may eliminate 

a major portion of the lizard community from the urban area 

(Jones and Glinski 1985). A virtual absence of snakes from 

residential areas occurs because many residents kill them 

on sight. 

4. Physical Impacts to Riparian Habitats. Urban 
« 

runoff is a major factor which determines the structure and 

integrity o£ urban riparian areas. The extent of 
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development immediately adjacent to a watercourse may 

correspond to the degree of erosion in the stream (Whipple 

1981). Development which occurs too close to riparian 

habitats can cause a general degradation of the riparian 

resource. Research has clearly established that 

urbanization increases the rapidity of runoff, the total 

flood volume, and the peak discharge to be expected from a 

given rainstorm (Whipple 1977). Flood discharges may be 

increased as much as six fold (Whipple 1977), and flow 

frequency may increase five-fold (Resnik 1987). 

At least three major and related hydrological changes 

can result from urban development. These are increased 

flooding, changes to sediment transport, and increased bank 

and channel erosion. To control these phenomena 

watercourses are frequently "engineered" or channelized. 

An increase in flood volume results from increased 

impervious surface and reduced interception and 

infiltration. Pavement and rooftops shed water quickly and 

consequently drainages receive more water than prior to 

development. The peak flow of the watercourse will be 

greater and sharper than pre-development. Low-lying areas 

may be more frequently flooded and the floodplain may 
t 

increase in width. 
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FIGURE 8. Effect of urbanization on flood peaks in 
watercourses. 

The change in sediment transport rates is also a 

serious problem associated with urban runoff. The runoff 

generated from impervious surfaces, such as roofs and 

parking lots, may be sediment free. When this water 

contacts the natural surface of a stream it will be 

"hungry" for sediment and pick up sediment from the stream 

bed and banks. This will, erode the stream channel. The 

sediment imbalance bf urban runoff is a serious issue which 

has not yet been adequately addressed by modern 
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engineering. Detention basins may reduce the peak volume of 

runoff, but they increase the problem of sediment 

imbalance. 

Channel widening, straightening and lining are common 

watercourse treatments. The intention is to get the water 

through the site and downstream as fast as possible. This 

approach originated with storm drainage principles 

developed for the northeastern cities of the United States 

(McHarg 1975). These principles emphasize accelerating 

runoff in piped systems across soils which are generally 

impervious. This approach for xeroriparian systems has 

already resulted in many cases of watercourse degradation, 

and loss of associated riparian habitat, because desert 

watercourses are forced to accommodate the highly erosive 

and excessive runoff from developed areas. 

SUMMARY. 

o The most significant impacts to the urban riparian 

habitat include direct loss of habitat and habitat 

fragmentation. 

o Urbanization may cause a change in wildlife species 

composition and abundance; 
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o Physical impacts to the riparian resource can be severe 

and are usually associated with flood control measures and 

inadequate development setbacks. 

4. URBAN PLANNING FOR WILDLIFE: AN OVERVIEW 

Several organizations including the U.S. Fish and 

Wildlife Service, University of Massachusetts and the 

National Institute for Urban Wildlife have published 

guidelines for urban wildlife planning (Leedy 1979, Leedy 

et al. 1978, Leedy 1979, Leedy and Adams 1984, Maestro 

1974) . In addition, there is considerable research dealing 

with specific urban wildlife issues such as storm-water 

control and wildlife enhancement (Adams et al. 1983) and 

wildlife-highway relations (Leedy et al. 1975). Several 

recent conferences have focussed on planning for wildlife 

in the urban context (National Institute for Urban Wildlife 

1986, Stenberg and Shaw 1987) and have emphasized the 

integration of wildlife values in residential development 

(Stenberg and Shaw 1986). Wildlife values have been planned 

into a number of residential developments throughout the 

country including the Woodlands in Texas (McHarg and Sutton 

197 5), a three thousand acre development in Florida 

(Vilkitis 1978), and the Ventana de Sabino Villas and La 

Reserve in Tucson. These developments have identified and 
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then attempted to protect wildlife values of highest 

priority on the site. The common theme in these efforts has 

been to create an environment for people which will provide 

a wide range of resource uses and at the same time assure 

chat the function of the living landscape upon which those 

resource uses are dependant will be maintained as an 

integral part of the development. 

Planning Scales and Effectiveness. 

For a successful integration of the wildlife resource 

into the residential environment, planning for urban 

wildlife must be accomplished on three levels; the regional 

scale, the local scale, and the site scale. Ecosystem 

functions depend on landscape interactions at a large 

scale. Once regional and community goals have been 

identified, implementation at the site scale is critical. 

An example of the importance of both large scale and 

site scale planning is the development of watercourses in 

the Tucson basin. The high quality riparian habitat 

associated with watercourses occupys the landscape 

irrespective of property lines. Poor site planning on a key 

parcel could quickly destroy the integrity of this system. 
t 

Planning at the regional scale must identify wildlife 

resources of regional significance, while site planning 
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must incorporate these values through sensitive site 

design. 

A recent study of wildlife habitats of Eastern Pima 

County has identified and classified the most scarce and 

valuable habitats of the Metropolitan Tucson area (Shaw et 

al. 1986). With the successful implementation of the 

recommendations of this study, the community may provide 

for the long-term survival of wide-ranging species, 

facilitate gene flow among populations, and help perpetuate 

the large scale ecological processes that operate within 

the Tucson basin. However, these wildlife conservation 

concepts must be implemented at a finer scale if they are 

to be effective in the landscape. Basin management plans, 

area plans and neighborhood plans can ensure that habitat 

information is used to guide site planning and design. A 

good example of this planning concept comes from the 

municipal government in Fort Collins, Colorado where a 

practice of drainage basin master-planning has identified 

riparian corridors and rights-of-way needs in advance of 

other land planning activities. This effort encourages the 

incorporation of aesthetic and open space considerations 

with watershed planning (Engomoen 1985). A similar attempt 

is now being made 'within the Tucson basin to master-plan 

for the Houghton East Neighborhood (Tucson 1987). 
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Site Planning for Wildlife. 

The data ' and technical skills necessary to plan and 

design for urban wildlife are available (Rodiek 1986). 

Wildlife habitat by design implies integrating other 

disciplines; wildlife biologists, botanists and ecologists 

are often essential partners in this process. The 

integration of wildlife values within development must be 

accomplished through site analysis and sensitive site 

design. Wildlife values can be integrated into site design 

along with recreation, landscaping, transportation, 

drainage, housing, etc. 

Wildlife planning can be readily integrated into 

conventional planning approaches for residential 

developments (Leedy et al. 1978). Typically, the site level 

allows a more detailed approach to wildlife planning, and 

consideration can be given to the relationship of 

infrastructure and other design components to wildlife. A 

number of approaches have been used for site planning for 

wildlife (Geis 1975, Leedy et al. 1978, Lynch and Hack 

1984, Maestro 1974, McHarg 1969, McHarg and Sutton 1975, 

USFWS 1980, Vilkitis 1978) and should be consulted. 

Newhouse (1984) gives an overview of methods used by 

various public agencies. Typically a site analysis is used 

to identify wildlife values on site. 
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Three factors determine the usefulness to planners of 

wildlife information and therefore its likelihood of being 

used. The information must be available to professionals in 

a timely fashion, the information must be in a form 

understandable to site planners, engineers and landscape 

architects and in a format which can be readily 

incorporated into the planning methodology (Maestro 1974, 

Newhouse 1984). A natural scientist is trained to 

investigate thoroughly, often taking years, whereas a site 

planner must use the best available information and make a 

decision quickly. The site analysis for wildlife must 

facilitate this rapid decision making. 

The central components of habitat analysis are 

delineation of the study boundaries and the habitat 

inventory and analysis. The wildlife characteristics of the 

area must be summarized in an efficient manner. This 

information must then be integrated with other site data. A 

common and useful assumption in the analysis of the site 

for wildlife is that wildlife carrying capacity is 

proportional to the quality of the existing habitat. 

Therefore, a classification and assessment of habitat will 

be diagnostic of environmental conditions of value to 
* 

wildlife. The assumption that most habitat methods rely on, 

generally stated, is that wildlife can be supported in 



5° 

areas with certain characteristics, and cannot be supported 

if those characteristics are absent (Atkinson 1985). 

Site Planning for Wildlife in the Tucson Basin. 

Site planners in the Tucson area are fortunate to have 

a fairly substantial data base to rely on for gross habitat 

classification and assessment (Brown et al. 1977, Johnson 

1985, Johnson et al. 1979, Shaw et al. 1986, USGS 1975). 

These sources should be used for the initial classification 

and assessment of wildlife habitat on the development site. 

More detailed site analysis should follow based on 

procedures developed by Newhouse (1984) and Leedy and Adams 

(1984). The integration of wildlife values can then be 

accomplished through sensitive and imaginative site design. 

SUMMARY. 

o Several government and private organizations have 

developed guidelines for urban wildlife planning. 

o Urban wildlife planning is gaining importance to 

planners, landscape architects, engineers and developers. 

o Planning for urban wildlife should take place at the 
* 

regional, community and site scale. 

o Planning for urban wildlife can be readily incorporated 
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into conventional planning approaches for residential 

developments. Many references are available. 

o An adequate amount of information now exists for 

successful site planning for wildlife in Tucson. 

5. SITE DESIGN GUIDELINES FOR XERORIPARIAN HABITAT 

Introduction. 

The proposed design guidelines are based on the 

information outlined and discussed in previous chapters. 

These guidelines have been developed for Sonoran Desert 

lands typical of the greater Tucson area with a landscape 

characterized by some topographic relief and a well-defined 

watercourse system. These guidelines may not apply to flat 

sheet-flow areas with undifferentiated channels. These 

design guidelines assume that a site analysis has 

identified areas critical to wildlife. These guidelines can 

apply to design of sites as small as 15 acres or larger 

areas such as basin management areas. 

Goals and Objectives for Conserving and Integrating 

Xeroriparian Resources within New Residential Developments. 

One of the greatest tasks confronting site designers is 

to identify realistic and justifiable objectives for 

wildlife conservation which are compatible with homesite 
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development. A range of alternative conservation 

strategies exists. The degree to which wildlife should be 

integrated within development will depend on the intended 

character of the development, the goals of the neighborhood 

and municipal government, and compatibility with 

development and engineering objectives. Based on the 

importance of habitat, the special nature of riparian areas 

and ±zi format ion on the functioning of riparian ecosystems 

the following goals have been developed to direct the 

efforts of site planners. 

o Minimize the loss of xeroriparian habitat and other 

important habitat features of the site. 

o Minimize the fragmentation of xeroriparian habitat on the 

site. 

o Reduce the introduction of exotic species onto the site, 

o Maximize the biological potential of the xeroriparian 

resource and enhance its function for wildlife. 

o Preserve ecosystem processes associated with xeroriparian 

resources. 

o Minimize adverse physical impacts on critical components 

of the xeroriparian system. 

* 
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o Minimize the effects of human disturbance to important 

habitat within the development. 

o Encourage opportunities where people may enjoy and 

appreciate the indigenous wildlife resource. 

By observing some general planning concepts these 

goals may be accomplished. Riparian areas and adjacent 

habitat should be planned and managed as a unit. The 

impacts of runoff from developed areas must be considered. 

Critical riparian habitats must be buffered, and links with 

upland habitat must be identified and maintained. 

Guidelines. 

The guidelines which follow have been developed to 

help site planners meet the goals listed earlier. 

a. The primary riparian corridors on the site. 

The primary riparian corridors can be defined as well 

developed, continuous, natural drainage channels going 

through the site and linking the site to large habitat 

reserves located off-site or to a major channel. Many of 

these primary riparian corridors within the Tucson basin 

have been identified by Shaw et al. (1986). (Habitat 

reserves are defined as areas including National Parks, 

Forests, and Monuments, State Parks, County Parks, and any 

area which is sparsley developed, or developed with 
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adequate corridors of open space for wildlife movement.) 

The primary corridors are generally the largest and 

most continuous drainage channels. These riparian 

corridors form the spine of the local drainage system. 

FIGURE 9. Example of primary riparian corridor on the 
development site. 
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FIGURE 10. Example of "habitat reserves" which can be 

functionally linked to the development site. 

Functions of the primary riparian corridors include: 

o Primary wildlife habitat within a development, 

o Permanently support the populations of a broad range of 

native plant and wildlife species. 

o Provide a biological link connecting wildlife populations 

on—site with other riparian and open space areas adjacent 

to the site. 1 

o Provide important open space with associated 
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recreational, wildlife and scenic values. 

o Provide flood control, sediment transport and related 

functions including recharge and erosion control. 

Design Guidelines: 

The width of the primary xeroriparian corridor should 

be enough to effectively perform the functions of 

controlling water and nutrient flows from upland to 

channel, facilitate the movement of wildlife and plants 

along the riparian corridor, and provide protection from 

the impacts of development. The corridor should include the 

channel and an area on both sides of the channel which 

encompasses the riparian plant community to its interface 

with the upland plant community (Forman and Godron 1986). 

A protective buffer consisting of upland habitat can 

be added to the width of the riparian corridor. The buffer 

width should be a minimum of 60 feet (on flat terrain), 

with an increase of 4 feet for every one percent increase 

in slope (Corbett and Lynch 1985, Leedy and Adams 1984, 

USGS 1982, Whipple 1981). This buffer will allow the 

infiltration of runoff from adjacent developed properties, 

reduce the rate of channel erosion, provide protection from 

human disturbance arid provide added space within which the 

watercourse may meander. 
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FIGURE 11. The xeroriparian corridor includes the 
designated floodplain and the "edge" 
environment. 

Development within the corridor (including the buffer) 

should be limited to road crossings and utility crossings 

and these should be designed to minimize negative 

disruption. 
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utility crossings should be and FIGURE 12. Road 
perpendicular to watercourse, not parallel. 

Any fencing, walls, roads and utilities built across 

these corridors should allow the passage of wildlife. 

< 
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FIGURE 13. Boundary walls can be built with wildlife and 
watercourse undercrossings. 

b. Important links between habitat areas. 

An important feature which maintains the integrity and 

function of the riparian corridor is its connection with 

adjacent areas of undisturbed habitat. A link of natural 

open space can connect the primary riparian corridor with 

other habitat areas on- and off-site. Without this 

connection, habitat areas within developments may lose the 

biological connection with large reservoirs of plant and 
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wildlife species in adjacent areas. Species diversity and 

richness may d'-cline. 

Design Guidelines: 

Connect on-site riparian habitat with off-site habitat 

along a watercourse. 
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FIGURE 14. The riparian corridor should be linked to 
natural habitat located off the site. 

In some cases a useful link can also be located along 

an area of high topographic relief such as a ridge which is 

unsuitable for development. However this may not be 
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suitable for some animals if the ridge does not support 

adequate escape cover vegetation. 

Design the linkages as areas of minimal density 

housing or no development at all. The width of the link 

should be a minimum of 1000 feet. This is based on the 

needs of Desert Mule Deer and Javelina for large amounts of 

open space where vegetation is sparse. Because of the 

sparsity of vegetation in the upland, this link must be 

considerably wider than the more heavily vegetated riparian 

corridor. The movement of these mammals will be more likely 

where housing density is low and disturbance from humans is 

infrequent. 

Development within this connector should be limited to 

low density residential developments (0.25 residences per 

acre or less) and located so as not to bar wildlife 

movement through the area. Cluster design should be 

encouraged with associated open space located where it will 

most augment the corridor concept. 

t 
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FIGURE 15. Areas of low density development can be used 
to link riparian corridors on the development 
site with designated natural areas. 

c. Secondary Channels. 

Secondary watercourses are all other watercourses on 

the site which flow at 100 CFS or greater during the 

regulatory flood. They are typically linked to the primary 

corridors. In addition to primary watercourses, secondary 

watercourses within the development site may function as 

wildlife habitat and should be identified and conserved. In 

addition to wildlife habitat these watercourses and the 
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associated plant community may provide flood control, 

recharge, recreational and scenic functions. These 

secondary open spaces can function as green-belts between 

developed areas, providing privacy and noise control. A 

buffer on these watercourses can serve flood control 

functions. These watercourses may equal the primary 

corridor in habitat quality, but do not function as the 

primary habitat links within and out of the site. 

FIGURE 16. Secondary watercourses can also serve as 
habit&t reserves within the development. 
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Design Guidelines: 

The width' of the secondary watercourses includes the 

channel and an area on each side which includes the maximum 

setback established by the city floodplain ordinance for 

natural channels. 

A buffer of at least 60 feet width can be added to the 

regulatory setback to provide additional erosion, flood 

control, esthetic and wildlife values. 

No development should occur within the regulatory 

setback. Development may occur within the buffer but should 

not include any paved, roofed or other impervious surfaces. 

This will maintain the flood and erosion control values of 

this area. 

d. Location of additional open space. 

In the event that the development plan contains open 

space objectives which are not met by conservation of the 

riparian resources and links to the upland, additional open 

space can be located so as to benefit wildlife. A design 

which connects additional open space to the primary 

riparian open space system will provide maximum benefit to 

native wildlife. Open space can be used to link two 

separate watercourse systems, to link a ridge-top area to 

the watercourse system, or to link important habitat areas 



6 5  

to each other. Open space can be used to preserve important 

stands of specimen trees such as those within a mesquite 

bosque. 

Consolidated natural open space is preferable to 

scattered fragments of open space throughout the 

development (Goldstein et al. 1983). However, some 

compromise can be reached between consolidation of open 

space for wildlife and design of open space for pedestrian 

functions and landscape aesthetics. It is important that 

residents have access to some natural areas within the 

development. 

Design Guidelines: 

Base the open space system on a network of corridors. 

A corridor configuration can link the different habitats 

into one contiguous system. This will enable species to 

utilize the different habitat components as required and 

would best approximate the natural biological functioning 

of the riparian system. 

« 
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FIGURE 17. Use a "corridor" concept to link the 
different open space and habitat areas into 
one contiguous system. 

Connect the open space and habitat within the 

development to habitat on adjacent sites. This will 

maximize the functioning of the wildlife habitat within the 

development. 

Open space can be used to provide some pedestrian 

trail access from ttye street to special habitat areas. 
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FIGURE•18. A narrow right-of-way can provide access from 
the street to an open space corridor and 
trail system within the development. 

e. Flood Control. 

Runoff from new developments can have a profound 

effect on the integrity and functioning of the riparian 

resource. Inadequate setbacks and ineffective runoff 

control may result in , bank erosion, down-cutting, and 

general degradation4 of the riparian habitat (Platts et al. 

198b, Whipple 1981). On the other hand, effective runoff 

control has the potential to enhance riparian resources. 
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This may occur when runoff from the development is 

effectively metered into watercourses by a variety of on-

site detention facilities (DeBano and Heede 1987, Hough 

1984). With appropriate design, the riparian resource may 

benefit from the additional runoff coming from development 

and watercourses may have a higher moisture content over a 

longer period of time. This may cause increased plant 

growth and productivity, greater bank consolidation and 

stability, and improved wildlife habitat. This approach to 

site runoff control has the potential to improve plant 

growth throughout the site, thus improving the overall 

attractiveness of the developed landscape. Trapping and 

retarding runoff may boost plant growth around homes and in 

rights-of-way, and open spaces. 

A number of methods are possible to accomplish 

detention of runoff. These include check dams in swales and 

on lots to slow flow over permeable soils; use of road dip 

crossing as detention features and as grade control 

structures; installment of trickle tubes in parking areas 

and other manmade impoundment features; use of french 

drains, swales and other detention facilities around homes, 

and use of play fields, parking areas, rooftops and golf 

courses as detention facilities. 



69 

Methods used for flood control must be site specific. 

Methods will depend on the density of the development (and 

consequently the amount of impervious surface), the 

topography, and the soil structure. 

Invariably, development will induce changes in the 

width, depth and profile of the watercourse on and off-site 

(DeBano and Heede 1987). One method to minimize these 

changes is the designation of large setbacks from the edge 

of the watercourse (Whipple 1981). In other words, keep 

intensive development and impervious surfaces away from the 

channels. This may be far more effective treatment in the 

long term than attempting to stabilize the width and depth 

of the channel through expensive and disruptive channel 

lining and checkdam installation. An adequate setback will 

allow the watercourse room in which to establish a new 

long-term dynamic equilibrium. This may include channel 

widening, widening of the floodplain, and increased channel 

meandering. The setback can also function as a sediment 

source for water coming from detention features within 

developed areas. 

Design Guidelines: 
t 

Establish a wide setback for development. 
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FIGURE 19. A wide setback from the watercourse will 
protect the development from flooding and 
erosion and protect the riparian area from 
development. 

Keep detention features close to development and away 

from the primary riparian corridors. 

t 
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FIGURE 20. Incorporate stormwater detention features 
within the developed areas and away from the 
primary channels. 

f. Housing adjacent to riparian areas. 

Further protection of the riparian environment can be 

achieved as a result of careful placement of housing 

adjacent to watercourses. The type and density of housing 

is of greatest concern. 

Cluster design should be encouraged since this type of 

housing allows the * site designer the flexibility to reduce 

home lot size and cluster the lots onto the least sensitive 

habitats. This type of development also allows for the most 
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functional design of open space and generally is considered 

to be the most economical. The topography and other 

physical constraints of the Tucson basin lend themselves to 

the use of the cluster option (Untermann and Small 1977, 

White 1964). 

The major cause of human disturbance from residential 

housing is associated with high bedroom count units, 

particularly high bedroom count townhouse units since they 

have a greater number of individuals per acre. Low bedroom 

count units and housing for the elderly produce the least 

impact (Leedy and Adams 1984). 

Design Guidelines. 

High density housing and units which have the 

potential for generating human disturbance should be 

located away from the most sensitive habitat area. 

g. Road crossings. 

The location and design of roads crossing watercourses 

can make a difference to the functioning of the wildlife 

community. Preliminary research indicates that in most 

cases, the mortality associated with roads does not cause 

long term impacts oh small mammal populations which inhabit 

roadside areas (Adams and Geis 1983). Studies also indicate 
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that movement of small mammals is inhibited by roads with 

widths greater than 20 meters (includes shoulder). 

Road crossings of watercourses can be designed to 

allow for the passage of vehicles and pedestrians across 

the watercourse while allowing for the passage of water, 

pedestrians and wildlife along the watercourse. The 

successful installation and use of a wildlife under-

crossing will minimize vehicle/wildlife accidents. 

Design Guidelines: 

Minimize the number of road crossings of watercourses, 

especially major roads. 

Minimize the width of the road at crossings. Use dip 

crossings for minor roads where the total road width is 

less than 60 feet. For any roads which are greater that 60 

feet in total width a wildlife under-crossing should be 

constructed. This can be in the form of a box or arch 

culvert, or a span bridge. Span bridges are the best under-

crossing for wildlife, followed by a box culvert at least 

three feet in height and lastly the arch culvert. A series 

of under-crossings can be designed, depending upon the size 

of the watercourse. Culverts should be oversized if 

* 
possible, with wider culverts under wider roads. Wildlife 

aje more likely to use these culverts if they can see 



7 4  

through the culvert to daylight and habitat on the other 

side. Culverts should be a minimum of 48" in diameter if 

they are to provide a wildlife undercrossing. 

Additional unfenced and vegetated right-of-way should 

be provided at the road crossing to facilitate wildlife 

movement. Reflective striping on pavement at dip-crossings 

may also alert wildlife and motorists to the crossing. 

h. Recreation. 

Recreation may bring residents in direct contact with 

the natural environment in their neighborhood. Residents 

will have the opportunity to enjoy the natural environment 

without having to leave their neighborhood. 

Recreational use of the primary open space corridor 

and secondary watercourses should be limited to non-

mechanized and informal recreation such as walking, horse

back riding, photography, nature study, picnicking, and 

other leisure time activities. The use of motorized 

vehicles should be restricted to the sand bottoms of larger 

washes where flood scour prevents plants from becoming 

established. The use of off-road vehicles along the banks 

and in the beds of smaller washes may disrupt the soil 
t 

surface, allowing increased erosion and permanent loss of 

plant, cover. 
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Design Guidelines. 

Locate trails so that people have opportunity for 

interaction with wildlife. Trails should limit recreational 

use near sensitive wildlife areas. 

Trails should be limited in width. Trails should not 

be located exclusively in the riparian area but should 

meander through the riparian plant community and the 

adjacent upland plant community. This will provide better 

views along the trail, allow easier passage for pedestrians 

and horse-back riders and be more protective of riparian 

vegetation. 

i. Revegetation. 

Revegetation is the replacement of soil and plant 

materials as an effort to mitigate the impacts of a 

construction activity. This is different from salvage. 

Salvage is the removal and temporary holding of plant 

material for future use within a site. Salvaged plant 

material can often be used for revegetation. 

Revegetation should occur to mitigate impacts to the 

riparian resource from construction of detention/retention 

basins, bridges, culverts, dip crossings, roadways, flood 

control channels/ and check dams. The disturbance 

associated with construction activities should be limited 
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as much as possible because successful revegetation is 

costly. 

The long-term function of revegetation is to 

reestablish the self-perpetuating plant community native to 

the area. The more immediate function of revegetation 

should be to establish plant cover which provides erosion 

control and is of value to wildlife. This initial plant 

cover should develop rapidly and easily to quickly offset 

initial wildlife losses resulting from clearing. 

Ultimately, conditions should be created to allow for a 

self-perpetuating native plant community to exist on the 

revegetation site. 

Plants which are indigenous to the area of 

revegetation should be used for two reasons. The natural 

plant community is the base of an interconnected biological 

community. Therefore native plants should be preferred to 

support native wildlife (Mills and Carothers 1987). The 

second reason is that native plants are best suited to the 

environmental conditions of the area, will require less 

maintenance and are more likely to survive and reproduce. 

Design Guidelines. 

Successful revegetation for wildlife will depend upon 

the simultaneous establishment of three vegetation types 
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including annuals, shrubs, and trees at each site (Anderson 

and Ohmart 1979). Superimposing three plant communities on 

a single area permits the development of an early ephemeral 

stage dominated by annuals. The growth of as many annuals 

as possible should be encouraged while watering is 

occurring, presumably over a three year period. These 

rapidly growing annuals will form a community of high value 

to birds. The second stage (shrubs) will continue to help 

offset early losses and, in contrast to annuals, will be 

able to persist without watering. Perennial shrubs are of 

particular importance for wildlife (Anderson and Ohmart 

1985), providing food and cover for small mammals and 

birds. Finally, as trees mature the revegetation area will 

approach full potential value to wildlife. A balance of 

native ground cover, shrubs, and trees which approximates 

natural conditions should be achieved. 

i 
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Three stages of revegetation, all seeded or FIGURE 21. 
planted at once. 

j. Enhancement of wildlife habitat. 

One of the best ways to enhance residential areas for 

native bird species is by increasing the foliage volume of 

native vegetation (Mills and Carothers 1987). Other 

wildlife such as large and small mammals and reptiles 

should also benefit by an increase in foliage density and 

volume. This can be done by planting native trees and 

shrubs into areas wftere enhancement is needed. Areas which 

most need enhancement include road crossings of 
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watercourses and areas serving as buffers for important 

wildlife habitat. 

Planting salvaged trees and cactus, particularly 

saguaro, into the riparian area may also have an 

enhancement effect. These plants can provide additional 

structural diversity within the riparian plant community. 

The addition of saguaros will allow native cavity nesting 

species such as Common Flicker, Gila Woodpecker, American 

Kestrel, Western Screech Owl, Ferruginous Pygmy Owl, Purple 

Martin, Brown-crested Flycatcher and Lucys Warbler to breed 

in the riparian area. Other species which are largely or 

completely dependant on the branches of saguaros for 

nesting such as Red-tailed Hawk, Great-horned Owl and Road 

Runner may also benefit. 

b. SUMMARY AND CONCLUSIONS 

Many urban and suburban residents feel the need for 

living with nature close at hand and appreciate a natural 

setting in which wildlife is important. The natural 

amenities found throughout the Tucson Basin are a 

significant part of what makes Tucson a desirable and 

attractive community in which to live. 

« 
Xeroriparian areas are of great value to wildlife. 

These areas provide wildlife with a greater diversity and 
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abundance of essential food, water, and cover than most 

other habitats. These ephemeral watercourses may function 

as important biological movement corridors in the Sonoran 

Desert, allowing the flow of populations, individuals and 

genes between upland and lowland, and between habitat 

patches in urban areas. 

Imaginative ecological planning can produce safe and 

interesting semi-wild areas which require a minimum of 

maintenance in Tucsons urban and suburban neighborhoods. 

The most valuable areas in Tucson for wildlife are riparian 

environments which may be integrated within residential 

developments through planning which conserves their unique 

values as wildlife habitat. 

Conservation of xeroriparian habitats within new 

residential developments should aim to preserve critical 

areas and maintain their viability as wildlife habitat, 

preserve major riparian corridors, design for linkage 

between habitats, minimize adverse impacts from 

development, and encourage opportunities for people to 

enjoy wildlife and the natural areas which function as 

essential wildlife habitat. 

i 
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APPENDIX A - Definitions 

Bosque: a desert woodland that is made up of primarily 
mesquite trees and is associated with riparian-type 
conditions. 

Cover: all the forms of environmental protection which 
help an animal stay alive. 

Diversity: a combination of richness and abundance 
(numbers of individuals of various species). 

Ecosystem: the combination of all living organisms within 
an area along with the non-living elements necessary for 
the organism to survive. 

Edge: the place where different plant communities, 
successional stages, or vegetative conditions come 
together; usually not a clear-cut line, but rather a 
transition zone, or "ecotone" where plant and animal 
communities merge into one another. 

Indigineous Wildlife: plants and animals which naturally 
occur in an area, are native to an area without being 
dependent upon human resources; plants and animals that 
have evolved in that particular area. 

Perennial: to reoccur on a yearly basis. 

Riparian: On or pertaining to land adjacent to riverine 
and estuarine channels: occupied by biotic communities 
differing in speciGs comnposition and/or population 
densites from those of the surrounding uplands due to an 
increase in moisture and different soil conditions. 

Species richness: The number of different species present 
in an area. 

Wildlife: all living things that are outside the direct 
control of man; most often refers to vertebrate animal 
species, particularly birds and mammals. 

Wildlife habitat: a type of area having environmental 
conditions that meet^ the biological needs o£ one or more 
individuals of a species; the place in nature where an 
organism lives, or the place where one would go to find it. 

Xeroriparian: riparian habitat with an average annual 
moisture higher than surrounding uplands but provided with 
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surface moisture in excess of local rainfall but only on 
infrequent occasions. 

APPENDIX B - Municipal policies and guidelines related to 
protection of environmental quality within the Tucson 
Basin. 

Pima County. 1986. Urban Design Commission Final Report. 

". . protect, repair and restore natural 
watercourses. Protect existing watercourses which 
remain natural and revegetate degraded watercourses. 
All planning and future development should recognize 
the value of watercourses and coordinate in a manner 
which establishes an interconnected network of 
riparian habitats. 

Mandate comprehensive and multiple-use wash planning 
as a component of every region, area, community and 
neighborhood plan. 

Utilize incentives such as density bonuses and 
transfer of development rights to promote sensitive 
planning for washes." 

Tucson Visual Environment. 1969. Dept. of Community 
Development, City of Tucson. 

"The existing regional pattern of rivers and washes 
provides a series" of natural connectors in the study 
area and could be used to link various open space 
elements such as golf courses, national forests and 
monuments, wildlife areas, open spaces in cluster 
developments, parks and agricultural areas. By 
providing easily accessible open space opportunities 
in the form of multipurpose linear parks along the 
drainageways, the community can make the enjoyment of 
such distinctive areas available to more of its 
citizens." 

Planning an Open Space Syustem: A Report for Community 
Discussion. 1970. Planning Division, City of Tucson. 

"This non-renewable form of open space is becoming 
critically important as a potential multi-purpose 
recreational resource for urban areas. . . a subtle 
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balance between man and nature should be maintained in 
which wildlife may continue to thrive in spite of 
man's presence. 

These washes and their floodplains should be kept in a 
natural state for recreational purposes such as 
riding, picnicing and nature study. . . " 

ULI/AIA Plan for Action: Preserving Tucson by Planning its 
Future. 1984. 

"Dry washes, rivers and floodplains should be further 
protected and used as greenbelt areas. 

Tucson also has an opportunity to pursue floodplain 
management in combination with an open space 
development program." 

Pima County. 1987. Draft Open Space Committee Report. 

"Our greatest open space asset is our system of desert 
washes. . . A network of dedicated open space along 
these washes is the foundation of a community-wide 
open space system. This network is a vital link to 
our natural heritage. What remains of it must be 
proserved." 

Shaw et al. 1986. Wildlife Habitat in Tucson: A Strategy 
for Conservation. Report for Pima County Dept. of Flood 
Control. 

"It shall be the policy of the Tucson Metropolitan 
Governments to create an interconnected network of 
prime wildlife habitat, aesthetic open space, and 
attractive sites for recreation built around the areas 
designated as 'Critical and Sensitive Wildlife 
Habitats'. The goals of the system shall be to 
preserve the most diverse and aesthetic native 
riparian vegetation .and to provide public access to 
this system for recreational activities that are 
compatible wittt the preservation of its natural 
characteristics." Policy adopted by Tucson Mayor and 
Council, 1986 and by Pima County Board of Supervisors, 
1986. 
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City of Tucson. 1984. Floodplain Regulations. 

"Development in the floodway and in the floodway 
fringe shall not unnecessarily alter riparian habitats 
of stream channels and not significantly increase 
channel or bank erosion. 

Whenever any watercourse. . . is located in the area 
being subdivided, right-of-way shall be provided for 
the purpose of. . . protecting the watercourse." 

Houghton East Neighborhood Plan. 1985. City of Tucson, 
Planning Development. 

"Consolidated Open Space: An undisturbed area free of 
structures or other imnprovements concentrated in 
areas of sufficient size as to create visual diversity 
and interest and/or passive recreational 
opportunities. The open space should be contiguous 
within the project site and linked with other open 
space areas surrounding the site, to create continuous 
areas of undisturbed vegetation." 

"Encourage the maintenance of drainageways in a 
natural state to allow wildlife movement outside the 
Monument boundaries." 



85 

APPENDIX C - Scientific names of plants and animals 
mentioned in the text. 

MAMMALS 

Grey fox - Urocyon cinereoargenteus 
Javelina - Pecari tajacu 
Mule deer - Odocoileus hemionus 

BIRDS 

American kestrel - Falco sparverius 
Ash throated flycatcher - Mylarchus cinerascens 
Bendire's thrasher - Toxostoma bendirei 
Brown towhee - Pipilo fuscus 
Cactus wren - Canipylorhynchus brunneicapillus 
Cardinal - "Richmondena" cardinalis 
Common flicker - Colaptes "cafer" 
Curve-billed thrasher - Toxostoma curvirostre 
Elf owl - Micrathene whitneyi 
Ferruginous pygmy owl - Glaucidium brasilianum 
Gambels quail - Lophortyx gambelii 
Gila woodpecker - Centurus uropygialis 
Great-horned owl - Bubo virginianus 
House sparrow - Spizella passerina 
Loggerhead shrike - Lanius ludovicianus 
Lucy's warbler - vermivora luciae 
Mockingbird - Mimus polyglottos 
Pidgeon - Columba sp. 
Purple martin - Progne subis 
Pyrrhuloxia - Pyrrhuloxia sinuata 
Red-tailed hawk - Buteo jamaicensis 
Road runner - Geococcyx californianus 
Starling - Sturnus vulgaris 
Western screech owl - Otus asio 

REPTILES 

Arizona skink - Eumeces gilberti arizonensis 
Greater earless lizard - Holbrookia texana 

PLANTS 

Cottonwood - Populus* sp. 
Willow - Salix sp. 
Mesquite - Prosopis velutina 
Saguaro - Cereus qigantea 
Sycamore - PlaLanus wrightii 
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