
Urban macrostructure and wildlife
distributions: Regional planning implications.

Item Type text; Dissertation-Reproduction (electronic)

Authors Stenberg, Kathryn.

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 24/05/2023 21:24:49

Link to Item http://hdl.handle.net/10150/184583

http://hdl.handle.net/10150/184583


INFORMATION TO USERS 

The most advanced technology has been used to photo
graph and reproduce this manuscript from the microfilm 
master. UMI films the text directly from the original or 
copy submitted. Thus, some thesis and dissertation copies 
are in typewriter face, while others may be from any type 
of computer printer. 

The quality of this reproduction is dependent upon the 
quality of the copy submitted. Broken or indistinct print, 
colored or poor quality illustrations and photographs, 
print bleedthrough, substandard margins, and improper 
alignment can adversely affect reproduction. 

In the unlikely event that the author did not send UMI a 
complete manuscript and there are missing pages, these 
will be noted. Also, if unauthorized copyright material 
had to be removed, a note will indicate the deletion. 

Oversize materials (e.g., maps, drawings, charts) are re
produced by sectioning the original, beginnfng at the 
upper left-hand corner and continuing from left to right in 
equal sections with small overlaps. Each original is also 
photographed in one exposure and is included in reduced 
form at the back of the book. These are also available as 
one exposure on a standard 35mm slide or as a 17" x 23" 
black and white photographic print for an additional 
charge. 

Photographs included in the original manuscript have 
been reproduced xerographically in this copy. Higher 
quality 6" x 9" black and white photographic prints are 
available for any photographs or illustrations appearing 
in this copy for an additional charge. Contact UMI directly 
to order. 

U·M·I 
University Microfilms International 

A Bell & Howell Information Company 
300 North Zeeb Road, Ann Arbor, M148106-1346 USA 

313/761-4700 800/521-0600 





Order Number 8906393 

Urban macrostructure and wildlife distributions: Regional 
planning implications 

Stenberg, Kathryn, Ph.D. 

The University of Arizona, 1988 

Copyright ©1988 by Stenberg, Kathryn. All rights reserved. 

U·M·I 
300 N. Zeeb Rd. 
Ann Arbor, MI48106 





URBAN MACROSTRUCTURE AND WILDLIFE DISTRIBUTIONS: 

REGIONAL PLANNING IMPLICATIONS 

by 

Kathryn Stenberg 

Copyright © Kathryn Stenberg 1988 

A Dissertation Submitted to the Faculty of the 

SCHOOL OF RENEWABLE NATURAL RESOURCES 

In Partial Fulfillment of the Requirements 
For the Degree of 

DOCTOR OF PHILOSOPHY 
WITH A MAJOR IN WILDLIFE AND FISHERIES SCIENCE 

In the Graduate College 

THE UNIVERSITY OF ARIZONA 

1 988 



THE UNIVERSITY OF ARIZONA 
GRADUATE COLLEGE 

2 

As members of the Final Examination Committee, we certify that we have read 

the dissertation prepared by ____ ~K~a~t~hxyn~~S~t~e~nbe~~r~g~ ______________________ __ 

entitled URBAN MACROSTRUCTURE AND WILDLIFE DISTRIBUTIONS: REGIONAL 

PLANNING IMPLICATIONS 

and recommend that it be accepted as fulfilling the dissertation requirement 

for the Degree of Doctor of Philosophy 

a~ 11/21/88 
William W. Shaw Date 

11/21/88 
Robert W. Mannan Date 

ta;( ~( t 

11/21/88 
Date 

11/21/88 
Date 

11/21/88 
Date 

Final approval and acceptance of this dissertation is contingent upon the 
candidate's submission of the final copy of the dissertation to the Graduate 
College. 

I hereby certify that I have read this dissertation prepared under my 

~!~~ 00 accepted as ;U;fi::: ; dissertation 

Dissertation Director William W. Shaw Date 



STATEMENT BY AUTHOR 

This dissertation has been submitted in partial 
fulfillment of requirements for an advanced degree at the 
University of Arizona and is deposited in the University 
Library to be made available to borrowers under rules of 
the Library. 

Brief quotations from this dissertation are allowable 
without special permission, provided that accurate 
acknowledgment of source is made. Requests for permission 
for extended quotation from or reproduction of this 
manuscript in whole or in part may be granted by the 
copyright holder. 

SIGNED: 

3 



ACKNOWLEDGMENTS 

I would like to express my sincere appreciation to 

Professor William W. Shaw, who served as dissertation 

director and graduate advisor. without his willingness to 

explore the new field of urban wildlife ecology and his 

support for the uncommon combination of planning and 

wildlife management, this degree would not have been 

possible. 

I also wish to acknowledge Pat Jones of the University 

of Arizona Center for Computing and Information Technology 

for her consultations on the data analysis process. 

4 

Financial assistance for this study was provided by the 

MacIntire Stennis Forestry Research Project ARZT 174805 M 

12-32 through the University of Arizona Agricultural 

Experiment Station. 



1. 

2. 

3. 

4. 

TABLE OF CONTENTS 

Page 

LIST OF TABLES 7 

LIST OF ILLUSTRATIONS • 8 

9 ABSTRACT 

INTRODUCTION 11 

16 BACKGROUND 

Public Interest in Urban Wildlife 16 
Effects of Urbanization on Wildlife 19 

Urban Ecology. 19 
Vegetation Influences on Bird Diversity 

and Density 23 
Urbanization Effects in Desert Areas 27 
Miscellaneous Variables that Influence 

Bird Diversity and Density. 28 
Metropolitan Planning Variables that 

Influence Bird Diversity and Density 29 
Urban Macrostructure and Bird Species 

Diversity and Density 31 
Urban Mammal Populations 32 

Summary 34 
Objectives . 37 

STUDY AREA AND METHODS 38 

Study Area 38 
Landuse Zones . 38 
Sample Selection • 43 
Access to Census Points 44 
Bird Census Method 45 
Evaluation of the Bird Census Method 48 
Mammal Census Method 51 
Land Cover Variables 53 
Analysis 57 
Summary 59 

RESULTS 

Land Cover Elements 
Total Study Area 
Zonal Distinctions 

60 

60 
61 
67 
72 Composite Land Cover Variables 

5 



5. 

TABLE OF CONTENTS -- Continued 

Page 

Bird Species Distributions . 73 
Species Rankings . 73 
Species Assemblages 74 
Relationships with Land Cover Variables 81 
Relationships With Housing Density. 95 
Summary • • 101 

Bird Species Diversity. 101 
Associations With Land Cover 

Variables 102 
Avian Community Structure 116 
IvIammal Distributions 118 

CONCLUSIONS AND MANAGEMENT IMPLICATIONS 124 

Summary 132 

APPENDIX A. LAND COVER VARIABLES . 133 

APPENDIX B. FREQUENCY OF SPECIES OCCURRENCE 138 

APPENDIX C. SPECIES OCCURRENCE BY HOUSING 
DENSITY CLASS . 141 

APPENDIX D. PERCENT OCCURRENCE OF SELECTED 
LAND COVER CHARACTERISTICS BY 
STUDY AREA AND ZONE 143 

LITERATURE CITED 144 

6 



LIST OF TABLES 

Table Page 

1. Percentage of Land Use Types Within 
Each Study Area Zone 63 

2. Frequency of Occurrence of Different 
Open Space Types Found within 
the Study Area Zones 64 

3. Means of Housing Density, Distance to Open 
Space, Distance to Development, and 
Heterogeneity Within Study Area Zones 65 

4. Frequency of Occurrence and Rank Order for 
Common Bird Species in the Tucson 
Metropolitan Study Area 75 

5. Bird Species Assemblages 77 

6. Spearman~s Rank Correlations Between Species 
Occurrence and the Composite Land Cover 
Variables That Describe the 
Intensity of Urbanization 82 

7. Spearman~s Rank Correlations Between Species 
Occurrence and the Composite Land Cover 
Variables That Describe Natural 
Vegetation Types 91 

8. Spearman~s Rank Correlations Between Species 
Occurrence and Land Cover Descriptor 
Variables 94 

9. Spearman~s Rank Correlations Between Bird 
Diversity Indices and the Land Cover 
Descriptor Variables 103 

10. Spearman~s Rank Correlations Between Bird 
Diversity Indices and Composite 
Land Cover Variables 105 

11. Community Similarity Coefficients by 
Housing Density Classes 117 

7 



LIST OF ILLUSTRATIONS 

Figure 

1. Study Area. 

2. Study Area Zones 

3. Mean Land Cover Values by Study Area Zone 

4. Urban, Suburban, and Exurban Avian Patterns of 
Response to Natural Vegetation and Intensity 
of Urbanization Scales. Plots of Mean 
Composite Land Cover Variables for Points 

Page 

39 

40 

69 

Where Species is Present. 78 

5. Mean Composite Land Cover Values for Points 
Where Selected Bird Species are Present 
and Where Bird Species are Absent 84 

6. Percent Bird Species Occurrence by Housing 
Density Classes That are Based on Pima 
County Zoning Codes 96 

7. Mean Bird Species Diversity, DIV, by Zone 107 

8. Mean Exurban and Suburban Bird Species 
Diversity, NURBDIV, by Zone 108 

9. Mean Exurban Bird Species Diversity, RURALDIV, 
by Zone 109 

10. Bird Diversity Indices Regressed on Land Cover 
Variables - Equations 112 

8 



9 

ABSTRACT 

Urban environments can satisfy the habitat requirements 

of a variety of wildlife species. It has been shown that 

urban residents enjoy wildlife near their homes. The goal 

of this study was to determine if urban wildlife 

distributions could be predicted by metropolitan planning 

variables, so that opportunities for urban residents to 

enjoy wildlife near their homes could be enhanced. 

Three hundred one random points, stratified into seven 

zones, based on intensity of urbanization and vegetation 

type, were chosen in the Tucson metropolitan study area. 

Birds were censused with the variable circular plot method. 

Sign of selected mammal species were searched for at a 

subset of these points. 

Native bird species diversity declined steadily as 

housing density increased. The study area still supports a 

high diversity of native species because of the high levels 

of natural open space still found intermixed with 

residential development. The amount of land covered in 

residential development and the amount of paloverde-saguaro 

vegetation types with associated riparian areas were the 

best predictors of native bird species diversity. The data 

also suggest that plant cover created by man-maintained 

vegetation is not as attractive to native bird species as 

naturally occurring vegetation. 



Ground nesters and insectivores tended to drop out at 

higher housing densities while seed-eaters were retained. 

Three patterns of avian response to variables describing 

the intensity of urbanization and the amount of natural 

vegetation emerged; urban, suburban, and exurban. 

Native Sonoran desert birds appear to be highly 

sensitive to urbanization, as minor increases in 

residential housing densities lead to declines in 

diversity. Mammal species appear to be most sensitive to 

the size of open space areas and fragmentation and 

isolation of natural lands. 

10 

Metropolitan planning processes may be limited in their 

ability to retain high species diversities. The impacts of 

urbanization on wildlife diversities may be mitigated 

through sensitive open space planning. 



CHAPTER 1 

INTRODUCTION 

All land is habitat for some form of wildlife. 

Granted there is a considerable range in the quality of 

that habitat and in many areas of our cities the species 

present may be generally undesirable from a human 

viewpoint. Nonetheless, the potential is there and many 

urban lands could benefit from more active management and 

involvement by wildlife professionals. 
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Wildlife managers act as land use planners when they 

make habitat management decisions. Conversely, land use 

planners act as wildlife managers because their decisions 

about future developments affect the lands available to 

wildlife. Despite over two decades of discussion, 

research, and education, metropolitan areas are still not 

generally recognized to contain habitats for wildlife. 

Therefore, when long term metropolitan or county wide plans 

are undertaken, wildlife managers are typically not 

involved or are included only as an afterthought, perhaps 

to provide input on an open space element. 

Planning theory refers to effects that occur without 

being consciously planned for as "unanticipated 

consequences" (Meyerson and Banfield 1955). That is, 

habitat management or alteration is an "unanticipated 

consequence" of the activities of land use planners. 



However, when the effects on a habitat are unanticipated, 

such as when a county planner approves a development 

project, they are no less real than when anticipated, as 

when a wildlife manager manipulates the environment. 

Therefore, if providing for wildlife values in an urban 

area is important to the human community, then wildlife 

management considerations should be included in local 

planning decisions. 
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"Urban wildlife" refers to all wild (ie. non-domestic 

and non-feral) animals that happen to occur in urban areas. 

For the purposes of this discussion "urban" and 

"metropolitan" will include a city, its suburbs, and their 

immediate surroundings that are affected by elements in the 

built environment. 

Considerable attention has been focused on determining 

how the structure of urban vegetation affects bird 

communities found there. Emlen (1974), DeGraaf (1978), 

DeGraaf and Wentworth (1981), Green (1984), Penland (1984), 

and Goldstein, et ale (1986) have investigated the 

relationship of urban bird density and diversity to factors 

such as the volume of vegetation in various layers, plant 

species composition, and spatial arrangement. 

Unfortunately, this information is not always accessible to 

the landscape architects, urban planners and civil 

engineers who shape the face of the urban landscape (Dorney 

1986). It is important to realize that once first order 



plans, such as the zoning and grading controls, are set, 

the options and opportunities available to a site planner, 

who mayor may not be informed about urban wildlife needs 

and resources, are very limited. Further, once the site 

planning has been done, the options available to the 

ultimate homeowner are even more limited. 

13 

Wildlife professionals have also been involved in 

setting up II backyard habitat" programs in several states, 

including Missouri and Washington. These programs are 

geared toward providing information to the individual 

homeowner, although many other types of property owners and 

landscape architects have found them to be helpful. 

It is time to take a broader perspective and ask what 

are the needs of urban wildlife on a regional scale. In 

his remarks to the International Association of Fish and 

Wildlife Agencies, Doig (1978:118) stated " •.• if we're 

going to have any impact on meeting the total needs of our 

society, we've got to begin to influence land use patterns 

on a broad scale rather than on an individual acre basis." 

There are only a few ways which public bodies in the 

u.s. can direct land uses to achieve planned goals. These 

controls are the police power, eminent domain, spending, 

proprietary, and taxation powers of government (Barlowe 

1978). proprietary powers are the rights that result from 

land ownership. Many municipal governments have a policy 

of acquiring open space lands. Therefore, if the goal is 



to improve wildlife resources, knowledge of how the 

arrangement of open spaces in a metropolitan area affect 

wildlife distributions would be important. 

14 

The most important power for metropolitan-wide land 

use planning is the police power. However, the police 

power is limited and can only be used to regulate matters 

concerning public health, safety, morals, convenience, and 

welfare (Barlowe 1978). Public welfare can be and has been 

interpreted both broadly and narrowly. However, it has 

never been interpreted to encompass plantings for wildlife. 

With very few exceptions (concerning species known to 

present human health hazards), municipal governments cannot 

regulate which plant species are used in landscaping 

private property on the basis of wildlife habitat 

enhancement. Also with few exceptions (again concerning 

human health and safety interpretations) vegetation volume 

and physiognomy, some of the best predictors of urban 

avifauna, are not factors that are controllable by local 

governments through expression of their police powers. 

The question to be addressed in this study is whether 

the observed decline in species diversity in urban areas, 

which can be explained by declines in vegetation volumes, 

may also be explained by factors that are controllable by 

urban planners doing first order metropolitan planning. 

The focus will be on factors that are frequently addressed 
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in metropolitan land use plans and zoning codes rather than 

other types of regulations or performance standards. 
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CHAPTER 2 

BACKGROUND 

This chapter will report the results of a review of 

the literature. First, literature to support the 

contention that the public enjoys wildlife in urban areas 

will be discussed. If the public enjoys urban wildlife 

then perhaps there would be support for planning for 

wildlife on a community wide basis. Next the literature 

dealing with urban bird populations will be explored. Most 

studies show that vegetation volume and structure are 

important predictors of urban bird densities and 

diversities. A smaller number have looked at factors that 

could be used in a metropolitan planning effort. Finally, 

the literature on urban mammal populations will be 

considered. 

Public Interest in Urban Wildlife 

Many urban residents enjoy wildlife near their homes. 

Ninety five percent of the residents in Columbia, MD, 

viewed wildlife near their homes and sixty six percent 

actually encouraged wildlife to come into their yards 

(Pudelkewicz 1981). In a study in Taylor, MI, (near 

Detroit) seventy six percent of the respondents liked and 

enjoyed seeing wildlife on their property (Cauley 1974). 

Snyder and George (1981) surveyed people throughout the 

state of Pennsylvania and included both urban and rural 
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residents. Ninety nine percent of their respondents 

reported observing wildlife and seventy five percent said 

they fed birds and mammals. In a survey of the inhabitants 

of the three major urban centers in Missouri, Witter, et 

al. (1981) found that ninety three percent enjoyed wildlife 

near their homes. In Waterloo, Ontario, ninety seven 

percent of the homeowners surveyed said they liked seeing 

birds in the city (Dagg 1974). Manski, et al. (1981) 

observed many people feeding and watching the squirrels in 

a park in Washington, D.C. Two individuals even provided 

over 3000 pounds of peanuts for the park squirrels during 

one year. In 1975, DeGraaf and Payne estimated that u.s. 

households spent $185 million on birdseed, bird houses and 

feeders. In a national survey of almost 6000 persons 16 

years old and older, 54 % enjoyed wildlife near their home 

(Shaw and Mangun 1984, Shaw, et a1. 1985). Shaw and Mangun 

(1984) estimated that almost $600 million was spent in the 

u.S. in 1980 on birdseed, feeders, and houses for an 

average expenditure of $46 per person. These figures 

indicate that people care enough to spend time and money to 

support wildlife in an urban environment. 

Szot (1975), Bugarsky (1986), and Ruther (1987), have 

all investigated aspects of the attitudes of the residents 

of Tucson, Arizona towards urban wildlife. Almost ninety 

two percent of the respondents in Tucson said they enjoyed 

seeing wildlife in their backyards (Szot 1975). Ruther 
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(1987) surveyed the residents of the Tucson metropolitan 

area and found that eighty five percent enjoyed wildlife 

near their homes at least some of the time. She also found 

that fifty nine percent of the respondents felt that a 

"publicly funded agency" should be involved in managing 

urban wildlife. The assumption was that this indicated 

support for the state game agency to assume urban wildlife 

management responsibilities, but it could also indicate 

support for county or city agencies to do so. 

Bugarsky (1986) derived an economic valuation of the 

Pusch Ridge bighorn sheep herd which lives on the outskirts 

of the Tucson metropolitan area. Ninety percent of the 

derived value of the herd was existence value, which is the 

satisfaction one gets from simply knowing a resource 

exists. Since the residents of Tucson have demonstrated 

support for a resource they may never see, one could 

hypothesize that they would also support managing wildlife 

in all parts of the metropolitan area and not simply in 

their own backyards. 

It seems reasonable to suppose that if it is possible 

to plan for wildlife in metropolitan areas at a community 

or regional planning level that there might be considerable 

support for doing so. If wildlife is planned for early in 

the development process, then more opportunities will be 

retained for the individual homeowner to attract and enjoy 

wildlife in his/her own yard. 
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Yeomans and Barclay (1981) asked people who are 

members of the National Wildlife Federation's Backyard 

Habitat Program what benefits they received from attracting 

wildlife to their homes. The number one response was 

enjoyment (99%). Eighty six percent felt that their 

'backyard habitats' were beneficial for their children. 

Schicker's (1986) work seems to suggest that children who 

have early experiences with wildlife and the natural 

environment develop an appreciation for it that carries 

over into adulthood. 

Given the substantial interest in residential 

wildlife, the possibility that direct childhood experience 

with wildlife is important in developing an environmental 

ethic, and the fact that roughly 75% of the population of 

the u.s. now lives in metropolitan areas, the management of 

urban wildlife resources should be a high priority in the 

wildlife management profession. 

Effects of Urbanization on Wildlife 

Urban Ecology 

The urban environment has many effects on the wildlife 

populations that try to live there. The climates in large 

urban centers are different from surrounding countrysides. 

Cities are warmer, with higher average daily temperatures 

than the surrounding areas (Erz 1966, Sukopp, et ale 1982, 

Vepsalainen and Pisarski 1982, Dorney 1986). These warmer 



temperatures tend to attract a wider variety of birds in 

winter and may have allowed some species to overwinter 

further north than they did historically. Breeding may 

also begin earlier and end later in the year due to this 

temperature differential in cities (Erz 1966, Graber and 

Graber 1979). Huff (1977) found, by studying comparable 

raincells, that there is actually more precipitation over 

highly urbanized areas. Therefore, the climate of large 

cities tends to be warmer and wetter than the surrounding 

natural areas. 
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There is more light in cities due to the effects of 

increased reflective surfaces and artificial lighting. 

Artificial lighting prolongs the day length in cities which 

affects diurnal cycles and may trigger earlier reproductive 

activity in some species (Erz 1966, Vasic and Stevanovic 

1970). 

Many authors have commented on the abundance of food 

available in the urban environment (e.g. Erz 1966, Burr and 

Jones 1968a, DeGraaf and Thomas 1976, Graber and Graber 

1979, Manski, et al. 1981, Beissinger and Osborne 1982, 

Dyrcz 1982, Mulsow 1982, Sikorski 1982a, Luniak 1983, Cowie 

1984, Green 1984, and DeGraaf and wentworth 1986). 

Considerable quantities of food are provided throughout the 

year by people who feed birds and mammals. Great 

quantities of seeds, fruits, and refuse are unintentionally 

provided through spillage, wastage, and concentration at 
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refuse collection sites. Even the lawns that are so common 

in urban and suburban areas are highly productive of 

certain types of food (Falk 1976, Green 1984). However, 

most of this food associated with cities benefits only a 

few foraging guilds; the graminivores, scavengers, and 

omnivores. Not surprisingly it is birds of these guilds 

that are most strongly represented in urban avifaunas. As 

a general rule of thumb, as urbanization increases the 

number of species of seedeaters, and omnivores increase and 

the insectivores decrease (Emlen 1974, DeGraaf 1978, 

Lancaster and Rees 1979, DeGraaf and Wentworth 1981, 

Beissinger and Osborne 1982, Green 1984). 

Another major effect of urbanization is fragmentation 

of available habitat. Habitat fragmentation may result in 

genetic isolation of sedentary species (e.g. reptiles and 

amphibians - Schlauch 1975). More importantly, habitat 

fragmentation reduces the amount of habitat available 

through effects of species-area requirements, isolation, 

and spatial heterogeneity (Butcher, et al. 1981, Cronon 

1983, Vizyova 1986). 

The number of ground and cavity nesting species 

declines as urbanization increases (Emlen 1974, DeGraaf 

1978, Beissinger and Osborne 1982, Green 1984). These 

observed declines are commonly speculated to be the result 

of the reduced ground and shrub vegetation layers and the 

prompt removal of dead limbs and trees in urban areas. 



Also, it is commonly thought that predation rates are 

higher in urban environments (Thomas, et al. 1977, 

Beissinger 1978, Tomialojc 1982, Green 1984, Dorney 1986). 

This effect is ascribed to the high densities of dogs and 

cats, the thinness of the lower vegetation layers (escape 

cover), and increased levels of human disturbance which 

alert predators to the locations of nests and roosts. 
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Nest locations tend to be higher and/or on more 

unorthodox substrates than in natural environments. Birds 

nest higher in response to increased predation or to a 

decrease in the amount of lower level vegetation (Burr and 

Jones 1968a, DeGraaf 1985). Artificial substrates, such as 

roofs and window ledges, are used by terns, gulls, and 

raptors (Armstrong 1965, Monaghan 1979). There is some 

evidence that the number of species that regularly breed in 

urban areas declines and that breeding success is lower as 

urbanization increases (Batten 1972b, DeGraaf and Thomas 

1976). 

Home ranges tend to be smaller in urban areas. This 

effect has been shown best with mammals but also holds true 

for some bird species (Armstrong 1965, Schinner 1969, 

Cauley 1974, Winstead 1974, Harris 1977). For those 

animals that do adapt well to the urban environment, it 

seems that the resources they need to survive (ie. food, 

water, and cover) are more abundant or more closely spaced 

than in more natural habitats. 
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Overall, as urbanization increases, species densities 

increases and species diversity declines (Graber and Graber 

1965, Speirs, et al 1970, Emlen 1974, Hooper, et ale 1975, 

Lussenhop 1977, DeGraaf and wentworth 1981, Beissinger and 

Osborne 1982, Luniak 1983, Green 1984, Mason 1985, 

Goldstein, et ale 1986). This occurs as territorial ground 

and cavity nesters and insectivores are replaced by flocks 

of gregarious, weakly territorial, omnivorous and 

graminivorous species. This decline in species diversity 

is also seen in ants (Vepsalainen and Pisarski 1982), click 

beetles (Nowakowski 1982), reptiles and amphibians (Minton 

1968, Orser and Shure 1972), rodents (Goszczynski 1979a, 

Gliwcz 1982), and other mammal populations (Van Druff and 

Rowse 1986). 

Vegetation Influences on 
Bird Diversity and Density 

Many studies have tried to relate the observed 

changes in species density and diversity to other elements 

of the urban landscape that vary with increasing 

urbanization. Most of these studies have correlated 

changes in the avifauna to changes in the vegetation 

composition (Emlen 1974, Lucid 1974, Williamson 1974, 

DeGraaf, et ale 1975, Hooper, et ale 1975, Gavareski 1976, 

Thomas, et ale 1977, Beissinger 1978, DeGraaf 1978, 

Lancaster and Rees 1979, Williamson and Degraaf 1981, Green 

1984, DeGraaf and Wentworth 1986, Goldstein et ale 1986). 



There is no one feature of the vegetation that is 

universally predictive of bird diversity or density. The 

various studies have looked at different aspects of the 

vegetation and frequently measured them differently, so 

results are somewhat varied. 

24 

Most studies found some aspect of increasing 

vegetation volume or amount to be important in increasing 

bird species diversity. Schinner (1974) working in 

residential neighborhoods in Detroit found bird diversity 

to be related to the volume of deciduous vegetation and the 

area of herbaceous growth. Beissinger (1978), also working 

in the midwest, in Oxford, OR, observed that total percent 

vegetative cover was lower in his urban plots when compared 

to undisturbed forest. He also observed that the urban 

vegetation lacked vertical continuity and seemed to exist 

primarily in isolated strata. Beissinger's data seem to 

indicate that spatial arrangement as well as volume is 

important in maintaining urban bird communities. Volume 

and number of trees and shrubs were important in explaining 

the abundance of several cornmon native bird species in 

Washington, D.C. (Williamson 1974, Williamson and DeGraaf 

1981). 

The birds of Amherst, MA, have been thoroughly 

investigated. In 1975, DeGraaf, et ale found that plant 

species played a significant role in selection nesting 

substrate by a particular bird species. Thomas, et ale 
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(1977) measured a variety of vegetation and habitat 

variables in three strata based on housing density in 

Amherst and related them to the densities of 10 bird 

species. They found that the volume of tree and shrub 

cover tended to be the most important elements in 

explaining observed bird densities. DeGraaf (1978) also 

found tree and shrub cover to be the most important factors 

from among those measured, to breeding birds in Amherst. 

In a later refinement, DeGraaf and Wentworth (1986) found 

shrub maturity to be more important than the number of 

shrubs. They also found that planted trees, no matter how 

abundant or mature do not replace natural forest stands as 

habitat for most insectivorous species. Finally, 

Goldstein, et al. (1986) in comparing urban and suburban 

neighborhoods in Amherst, found that the volume of woody 

vegetation accounted for 50% of the variation in the number 

of breeding bird species. They also speculated that one 

could classify birds into three groups: those that would 

occur in urban areas regardless of the amount of woody 

vegetation, those that will respond to an increase in the 

amount of woody vegetation, and those that will not occur 

in urban areas regardless of the amount of vegetation. 

Also in the eastern hardwood forest regions, Hooper, 

et al. (1975) found the volume of the shrubs under 12' to 

be the most important factor in explaining bird density in 

Reston, VA. They also speculated that the clumping of the 
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vegetation or its spatial arrangement was as important as 

the volume. Lucid (1974) working in residential areas of 

Blacksburg, VA, found that the age of development was 

related to bird diversity. Of course, as the vegetation in 

a development grows its volume increases. In addition, as 

vegetation matures its value to wildlife as a food source 

and as cover increases. 

In the Pacific Northwest, another forested 

environment, Gavareski (1976) found that greater amounts of 

natural vegetation in urban parks leads to higher bird 

diversity. She also found the diversity of the vegetative 

structure to be important. In Vancouver, Canada, Lancaster 

and Rees (1979) related bird diversity to foliage height 

diversity. However, when the foliage height diversity 

index includes artificial structures, to give a measure of 

the environmental structural diversity, there is an inverse 

relationship with bird diversity. 

In Australia, Green (1984) found total native 

vegetation was the most important feature to both native 

and exotic birds in the suburbs of Melbourne. She also 

found that native birds foraged more often on native plants 

than the exotic birds. Exotic birds were observed perching 

more often on artificial structures than native birds. 

Therefore, if the goal is to encourage native birds over 

exotic birds, then native vegetation appears to be a more 

important consideration than simply total vegetation. 
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In Tucson, AZ, Emlen (1974) qualitatively related 

plant species to the occurrence of individual bird species. 

He also developed a foliage height diversity index that 

included artificial features, such as structures and power 

poles, that seem to increase structural diversity of the 

environment. Like Lancaster and Rees (1979), Emlen found 

an inverse relationship between this index and bird 

diversity. 

To summarize, it appears that the amount and volume of 

the vegetation is very important to the birds occurring in 

urban areas in forested regions of the world. However, the 

vertical and horizontal arrangement and maturity of the 

vegetation are also significant. It is especially 

interesting to note that native birds distinguish not only 

between native and exotic vegetation but also between 

natural stands and man-maintained growth. Furthermore, 

artificial structural diversity does not increase native 

bird diversity. 

Urbanization Effects in Desert Areas 

In all of the studies just discussed bird diversity 

declines as urbanization increases. In some desert areas 

it appears that the opposite effect is seen, up to a point. 

This "town oasis" effect is described by Pitelka (1942) for 

a small village in the coastal sage environment on the 

California coast and by Bohn, et al. (1980) for homesteads 
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in the sage desert of eastern Oregon. Speirs, et ale 

(1970) observed that if urban development occurs on former 

agricultural fields diversity increases relative to that 

expected in those agricultural fields. The "town oasis" 

effect results when trees are introduced to an environment 

where they do not ordinarily exist. The increase in 

vegetation volume, diversity, and occasionally an increase 

in reliable water sources leads to an increase in bird 

species diversity until the development grows to the point 

where negative urban effects take over. One might expect 

to see a "town oasis" effect with urbanization in a 

creosote flat of the Sonoran desert, although Emlen (1974) 

did not find this result in his study. The paloverde-

saguaro communities of the Sonoran desert tend to be very 

lush and diverse in their natural state and it is not 

likely that urbanization in these environments would result 

in a "town oasis" effect. 

Miscellaneous Variables that Influence 
Bird Diversity and Density 

Variables other than vegetation have been measured in 

attempts to explain bird diversity and density. DeGraaf 

(1978) measured the number of bird feeders in his study 

plots and found them to be important for wintering birds, 

but not breeding birds. Traffic flow, the number of dogs, 

cats, children, adults, bird feeders, and nest boxes were 

all measured by Thomas, et ale (1977) and Goetz (1975). 



These variables tended to not be significant in explaining 

the variation in the abundance of individual bird species. 

Metropolitan Planning Variables that 
Influence Bird Diversity and Density 

A major variable controlled by metropolitan planning 

is housing density. Most researchers include housing 

density implicitly by choosing census plots with different 

housing densities. Williamson (1974) censused in three 

areas comprised of a semi-natural park and two levels of 

housing density. He found that introduced species tended 

to be more abundant in the higher density neighborhood. 

Thomas, et a1. (1977) selected census plots from within 

three suburban strata based on housing density. This 

factor was not used in the analysis thereafter. 

29 

DeGraaf (1978) used housing density implicitly when he 

chose his study areas. He chose three neighborhoods at a 

low suburban density and two in a higher residential 

density. He then included this factor explicitly by 

counting the number of dwellings in each plot. Number of 

dwellings was a minor variable in the regression equations 

for individual species. The minor role of this variable in 

explaining bird densities is not surprising given the 

extremely limited range of variation included in this 

study. 

Hooper, et a1. (1975) found a relationship between 

breeding birds and the percentage of a plot covered by 



pavement and buildings. This relationship was not as 

strong as the associations with the vegetation variables 

measured. However, again due to an extremely small number 

of plots, the range of variation in the building coverage 

is very disjointed and limited. Schinner (1974) using a 

very limited range of building densities, did find a 

relationship between bird species diversity and building 

volume. 

This inconsistency in the reported importance of 

housing density or building coverage is probably due 

primarily to the lack of a meaningful range in this 

variable as measured. plots selected on the basis of 

differences in housing density may have meaning to the 

humans making that selection without having meaning to the 

birds which are making habitat selections. 
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Another common element controlled in the metropolitan 

planning process is the spatial arrangement of open space. 

This variable is measured as distance to open space and has 

been shown to be a significant factor in explaining bird 

densities and diversities. DeGraaf (1978) and DeGraaf and 

wentworth (1981) found distance to the nearest woodlot to 

be important to breeding and wintering birds. The effect 

of woodlot distance seemed to be most important to 

insectivores. Vizyova (1986) found the degree of isolation 

of urban woodlots in Bratislava to be significant in 

explaining the number of species. 
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Urban Macrostructure and 
Bird Species Diversity and Density 

There is some indication that it may be possible to 

describe wildlife distributions on the basis of the urban 

macrostructure. The macrostructure of an urban area refers 

to its general patterns of development or intensity of 

urbanization and land use types. For example, Dorney 

(1979) divided the City of Waterloo, Ontario, into nine 

biological zones based on the amount of disturbance 

experienced in each area. The zones range from the highly 

disturbed central business district out through residential 

and suburban zones to an agricultural or "remnant 

ecosystem" zone. He found qualitative relationships 

between these "zones" and wildlife species, number of 

species, and population densities. His "zones" are 

descriptors of categories frequently used in municipal land 

use plans. However, the data are compiled from several 

studies by various authors and there may be serious 

problems with comparability of methods and accuracy of 

results that are not immediately obvious. 

witt (1982) took a somewhat different approach by 

using breeding bird atlas data for west Berlin. Atlas data 

is a listing of the species that breed within each cell of 

a grid that is laid over the area of interest. In this 

case, each grid cell had an area of .40 mi 2 (1.04 km2 ). 
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witt overlaid the atlas grid on a map showing the 

macrostructural contour lines of the town. Macrostructural 

categories were generalized descriptors such as "parks", 

"old, dense buildings", "allotments", and "new, built-up 

areas". He found qualitative relationships between the 

number of species breeding in a grid cell and the overall 

land use type in that cell. 

Urban Mammal Populations 

Compared to the literature for birds, there have been 

relatively few studies done on urban mammal populations. 

Like birds, mammal diversity in urban areas tends to 

decline (Goszczynski 1979b, Gliwcz 1982, Van Druff and 

Rowse 1986). As is the case with birds, mammal species 

that do well in urbanized situations tend to occur at 

densities that are higher than usual for natural situations 

(Cauley 1974, Goszczynski 1979a, 1979b, Harris 1981a). 

Only a few studies have attempted to relate features 

of the urban environment to observed densities or 

diversities of mammal populations. Harris (1981a) 

estimated fox (Vulpes vulpes) numbers and distribution in 

Bristol. He was not able to find a correlation between fox 

numbers and housing density, type, age, or "any other 

obvious habitat feature" (p.455). Fox density did 

correlate negatively with the presence of stray dogs. 



Van Druff and Rowse (1986) found the density of 

dominant trees, the percent of the area in mowed grasses, 

in pavement, gravel or dirt, and in water within the 50 ha 

surrounding their traplines to be the most important 

factors influencing the abundance of mammal species. They 

trapped only in greenspaces and did not measure mammal 

abundance across an urban gradient. However, several 

individual species did exhibit a negative correlation with 

human density, percent of area covered in buildings and 

pavement, and the total length of the roads. These are 

all variables that indicate the degree of urbanization. 
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Goszczynski (1979b) looked at mammal occurrence across 

an urban gradient in Warsaw. He found that diversity 

decreased in greenspaces as one moved in toward the city 

center. He feels that the progressive isolation of 

greenspaces, internal division of greenspaces into smaller 

units, and the prevalence of dogs and cats are the primary 

factors in the observed degradation of the mammal community 

as urbanization increases. 

Gliwcz (1982) censused rodents across an urban 

gradient in Warsaw. He found that the rodent diversity 

declined until only the field mouse (Apodemus agarius) 

remained in the greenspaces at the city center. Urban 

habitat features that may contribute to this decline are 

not reported. However, he feels that the field mouse is so 

successful in urban areas because it can tolerate a wide 



range of ecological conditions, eat a diversity of foods, 

and can maintain permanent populations in small isolated 

areas. 
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Williamson (1983) also studied changes across an urban 

gradient. He measured gray squirrel (Sciurus carolinensis) 

abundance in 5 plots in Springfield, MA. Tree density, 

basal area, and the number of oaks were positively 

correlated to squirrel density. Indicators of the degree 

of urbanization that were significant were the percent of 

the area in pavement and buildings, and the distance to the 

nearest woodlot. He concluded that "squirrel abundance is 

apparently influenced not only by vegetation but also by 

the amount of urban development ••• " (p. 352). 

There is limited evidence that urban features 

controllable in the metropolitan planning process, such as 

coverage by buildings and pavement, and the spatial 

arrangement of open spaces, are important to urban mammal 

populations. However, there are no studies that attempt to 

describe mammal populations in all landuse types in a 

metropolitan area. 

Summary 

There is considerable evidence that urban residents 

enjoy and value opportunities to view wildlife near their 

homes. Managing for wildlife through metropolitan planning 

will ultimately lead to more opportunities for people to 
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attract and enjoy wildlife at their residences. Therefore, 

it seems reasonable to suppose that the public will support 

attempts to manage wildlife at the community-wide level. 

Urbanization has many effects on both the environment 

and on wildlife communities. Urban temperatures, rainfall, 

and the amount of light, food, and environmental 

heterogeneity, all tend to vary significantly from the 

natural situation. As urbanization increases wildlife 

diversity declines while densities tend to increase. 

Urban bird communities have been studied extensively. 

Vegetation variables have been shown to be significant in 

explaining the variation in bird species diversity and 

density. Most of the studies have been done in forested 

regions where it appears that the amount, maturity, and 

spatial arrangement of the vegetation is very important to 

the urban bird communities. A higher proportion of 

naturally occurring stands of native vegetation will also 

tend to increase bird diversity in urban areas. In some 

desert situations bird diversity will increase as 

urbanization increases the variety and volume of the 

vegetation in the area. 

Variables that are controllable through the community 

planning process have not been studied as thoroughly as 

vegetation. Housing density has been included in several 

studies with mixed results. However, the housing density 

levels chosen tended to have limited or disjointed ranges. 
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In addition, levels have been preselected and may have 

meaning for the human researcher but not for the wildlife 

being studied. Distance to the nearest woodlot has been 

shown to be significant for native birds and especially 

insectivores. Metropolitan planning is simply a way of 

guiding the development of the urban macrostructure. There 

is some evidence that macrostructural elements are 

important to urban bird communities. 

The literature on urban mammal populations is very 

limited. Coverage by buildings and pavement and amount of 

open space appear to be important to urban mammal 

communities. However, there have been no studies that have 

looked at mammal populations in all landuse types 

throughout a metropolitan area. 

Given the public interest in urban wildlife and the 

lack of information on how metropolitan planning variables 

influence wildlife populations, the importance of regional 

urban wildlife studies becomes apparent. If wildlife 

issues can be included in community wide plans before 

development actually occurs, then more opportunities will 

be retained for the site planner to incorporate wildlife 

amenities into developments and for the homeowner to enjoy 

wildlife near his horne. This study was intended to address 

the lack of information on how wildlife distributions vary 

throughout an entire metropolitan region and the potential 



feasibility of managing selected wildlife populations 

through municipal planning processes. 

Objectives 

The following objectives were established for this 

study: 

1. Determine breeding bird diversity throughout a 

range of metropolitan land use types. 

2. Identify relationships between bird species and 

land uses which could be used to predict the occurrence of 

a species in an urban area. 

3. Identify elements of the metropolitan environment 

which are important in predicting bird species diversity. 

4. Establish presence or absence of selected 

mammalian species on a range of metropolitan land use 

types. 
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5. Qualitatively analyze the distribution of selected 

mammal species and the underlying urban macrostructure to 

identify factors which may be predictive of mammal 

occurrence. 

6. Identify a subset of variables which are important 

in predicting wildlife distributions and which are 

controllable through municipal and county planning 

processes. 
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CHAPTER 3 

STUDY AREA AND METHODS 

Study Area 

This study was conducted in the Tucson metropolitan 

basin. It is an area of roughly 504 square miles and is 

centered on the City of Tucson, Pima County, AZ. The study 

area extends roughly from the outskirts of the Town of 

Marana in the northwest almost to Vail in the southeast 

(FIGURE 1). It encompasses the metropolitan areas of 

eastern Pima County. 

In the Rincon, Catalina, and Tucson Mountains the 

study area boundary was established at 1/2 mile from the 

nearest road to minimize time spent hiking to and from a 

census point. As a result the boundary follows a rather 

convoluted path through these ranges where road access is 

minimal. The Davis-Monthan Air Force Base, a block 

approximately 19 square miles in size in the southeastern 

portion of the Tucson Valley, was omitted from the sampling 

area due to restricted access. 

Landuse Zones 

Metropolitan environments are not homogeneous and 

other researchers (Goszczynski 1979b, Williamson 1983) have 

found it useful to stratify urban habitats according to 

landuse categories based on the intensity of urbanization. 
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As seen from space (LANDSAT composite photo 1974) the 

Tucson Valley shows four distinct patterns or zones of 

development intensity: inner city, river corridors, 

suburban, and mountains. These four zones were expanded to 

seven zones to account for differences in the vegetation 

communities in the suburban areas. 

Inner City Zone. In Tucson, the "inner city" zone is 

the area of most intensive development. The term "inner 

city" is used rather loosely here. While this zone does 

encompass the central business district and most of the 

major commercial centers, it is still largely residential. 

It also includes many sizable gaps that have been left by 

"leap-frog" development. Nevertheless, the average housing 

density is significantly higher than in the remaining 

zones. 

River Corridor Zone. Moving out from the "inner 

city", the next zone encountered on the satellite photo is 

associated with the major river systems in the basin. 

Development along the Rillito and Santa Cruz Rivers and the 

Tanque Verde, Pantano, and Canada del Oro Washes appears to 

be less intensive and less structured than the fine grid 

network of the "inner city". Historically, intensive 

development has been set back from these watercourses due 

to the danger of periodic floods. They have also supported 

lusher vegetation types (the riparian deciduous woodland 

and mesquite bosques) than other parts of the study area. 



Today, agricultural pursuits and stables still tend to be 

concentrated in these river areas. These factors have 

combined to produce a pattern of development that is 

different from the areas to either side when seen from the 

vantage point of an earth satellite. 
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Ironwood Suburban Zone. The ironwood suburban zone is 

bounded by the Santa Cruz River, Canada del Oro Wash and 

the northern boundary of the study area. It is typified by 

low density (less than I residence per acre (RAC)) 

residential development and a high proportion of the 

ironwood-paloverde-saguaro vegetation type. 

Paloverde-Saguaro Suburban Zone. The foothills of the 

Tucson Mountains (west of the Santa Cruz River) and the 

Catalina Mountains foothills (north of the Rillito River

Tanque Verde Wash complex) were identified as the 

paloverde-saguaro suburban zone. This area is also 

typified by low density residential development and a 

paloverde-saguaro vegetation type. However, the ironwood 

and the additional vegetative diversity associated with the 

ironwood community is lacking in this zone. 

Creosote Suburban Zone. The foothills of the Rincons 

and the southern portion of the study area is typified by 

very low density or very new residential development and by 

industrial and institutional uses. Much of this southern 

area is also rangeland. The vegetation in this zone is 

predominantly creosote and this plant community is less 
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diverse and supports a lower avian diversity than other 

vegetation communities of the Sonoran Desert (Tomoff 1974). 

Chihuahuan Suburban Zone. The fourth suburban zone is 

in the extreme southeastern corner of the study area. 

Bounded on the north by Rincon Creek and the west by 

Pantano Wash, this area is also predominately low density 

residential, horse farms, and rangeland. However, the 

vegetation is transitional from the Sonoran desert types to 

the Chihuahuan desert grassland types. 

Mountain Zone. Around the western, northern, and 

eastern edges of the study area is the mountain zone. From 

the satellite photo, these areas are characterized by 

little or no development of any kind and very rugged 

terrain. Despite the paucity of urban development in this 

zone it is still very much influenced by the urban 

environment of the Tucson Valley. 

Sample Selection 

A sample of 301 random points was chosen and 

stratified on the basis of the area in each of the seven 

zones. Since the zones varied greatly in size, this 

insured that the sampling intensity remained constant 

throughout the different portions of the study area. 

Points were located by selecting X-Y coordinates from 

random number tables and then locating them on a large 

street map of metropolitan Tucson (scale 1:72411.43) that 



was gridded to one tenth of an inch. By selecting census 

points randomly throughout the study area, the problem of 

categorizing habitats into classes that may have little or 

no meaning to the fauna or the proportion of occurrence in 

a metropolitan area was avoided. 

Access to Census Points 
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One of the major differences between urban wildlife 

studies and those done in other types of environments is 

the issue of accessibility. Several authors have mentioned 

using modified census techniques in order to accommodate 

the special circumstances encountered in urban work (Smith 

1971, Cauley 1974, Emlen 1974, Penland 1984). It is not 

possible to climb fences in order to census birds in 

backyards without extensive prior arrangements and often 

not even then. Other researchers have found that even when 

permission to trespass is arranged ahead of time, it is 

often necessary to repeat the process when access is 

actually desired (Penland 1984). In addition to the myriad 

of individual landowners, Tucson has many areas of 

restricted access such as ~country club~ style residential 

developments, federal and military lands, state 

penitentiaries, industrial and tribal lands. Some of these 

areas are completely closed to all access (e.g. military 

lands and penitentiaries) while others are occasionally 

subject to negotiation (e.g. ~country club~ style 
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developments). Where access was denied to a particular 

point's location, the census point was moved to the point 

of nearest access. In residential areas, points which fell 

on houses or in yards were most commonly moved to the 

street. If there was an alley and the point fell in a 

backyard, the nearest alley location was used. Most other 

types of restricted access lands were not indicated on the 

base map used and so negotiations and adjustments had to be 

made in the field. In each case every attempt was made to 

get as close as possible to the original random point. The 

main exception was the Davis-Monthan Air Force Base, X-Y 

coordinate pairs that fell within its boundaries were not 

chosen. 

Bird Census Method 

Each point was visited once during the 1986 or 1987 

breeding seasons. In Tucson, the breeding season extends 

from early April to early August. Due to the monsoon rains 

that occur in the summer, many species delay breeding until 

the rains start or they nest twice, once early in the 

season and again after the monsoons arrive. These 

behaviors give a longer breeding season than is usual in 

other areas. 

All birds seen and heard were counted. The distance 

from each bird to the point and the species were recorded 

after the variable circular plot method described in 
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Reynolds, et ale (1980). The variable circular plot method 

was developed for use in structurally complex vegetation 

types, which describes the urban situation. 

Censuses were not conducted when there was heavy cloud 

cover. The weather was clear for almost half of the 

censuses (148/301) and partially overcast for the rest. 

Temperatures ranged from 44 to 89 degrees Farenheit with a 

mean temperature of 71.30 F. It was found that bird 

activity in Tucson dropped off markedly at temperatures in 

excess of 90 0 F and only three censuses were conducted at 

temperatures in excess of 85 0 F. Censuses were started 

within 1/2 hour of sunrise and ended no later than 3 hours 

after sunrise. However, temperature seemed to playa 

stronger role in bird activity in the desert than time 

after sunrise. Days with winds in excess of 3 on the 

Beaufort scale (gentle breeze) were also avoided (mean 

value was 1.3). These census conditions are commonly 

reported in the literature (Lucid 1974, Thomas, et ale 

1974, Williamson 1974, Thomas, et ale 1977, Lancaster and 

Rees 1979, Guth 1980a, Williamson and DeGraaf 1981, 

Tzilkowski, et ale 1986). 

Points were censused in each zone during each week to 

avoid sampling one zone predominately during one part of 

the breeding season. Frequently points in two or three 

zones would be sampled in a single morning. The starting 

location in relation to the city center also varied so that 
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points in the city center would not always be sampled early 

in the morning and ones further out later. 

An attempt was also made to distribute censusing 

throughout the week. In a few cases (approximately 5%) 

censuses were deliberately conducted on Sundays. This was 

because of heavy traffic that made it impossible to hear 

bird calls on any other day of the week. 

Traffic noise also played a role in census time. 

Birds seen and heard at a point were recorded for 8 

minutes. If noise from traffic or aircraft obscured bird 

calls, the amount of time that sounds were obscured was 

recorded. The time spent at a point was extended by that 

amount to provide 8 minutes of unobscured census time. 

Occasionally curious passers-by or residents would 

interrupt the census "clock" with questions. These 

interruptions were dealt with in the same manner as traffic 

noise. Census times were extended by one minute at 3.7 

percent of the points and by two minutes at 7.3 percent of 

the points. If the obscuring noise was unceasing, the 

census was abandoned for that particular day and moved to 

another day such as Sunday. Williamson (1974) and Mason 

(1985) felt that conducting censuses early in the morning 

minimized disturbances from traffic and pedestrians. 

However, there were points in the Tucson sample where 

traffic noise was overwhelming even at 6 am. 
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Census time varies greatly in the literature depending 

on the census method used and the objectives of the study. 

Most times reported are under ten minutes with 4 to 5 

minutes being the most common (Thomas, et al. 1974, 

Williamson 1974, Thomas, et al. 1977, DeGraaf 1978, Engel 

1980, Guth 1980a, Williamson and DeGraaf 1981, Mason 1985, 

Tzilkowski, et al. 1986). Reynolds, et al. (1980) 

recommended a census time of ten minutes to census all the 

species at a point with the variable circular plot method 

in a coniferous forest. They feel that shorter times are 

appropriate in more open canopy types. Williamson (1974) 

used the variable circular plot method in an urban area and 

censused birds at each point for five minutes. However, he 

was only interested in ten fairly common species, possibly 

allowing for a somewhat shorter census time. Since several 

habitat types would be encountered in the Tucson 

metropolitan area, eight minutes was selected as being 

adequate for the most dense type expected. 

Evaluation of the Bird Census Method 

The method probably underestimates rare species and 

those with low detectibility but it is assumed that this 

sampling error is relatively constant at all sites and is, 

therefore, ignored (Lancaster and Rees 1979, Vizyova 1986). 

The objective was to evaluate the occurrence of all 

species and not just breeding birds, therefore, all birds 
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seen and heard were recorded (Gavareski 1976). Each point 

was visited only once which is in keeping with the 

objective of evaluating species occurrence rather than 

species density (Gavareski 1976, Bohn, et ale 1980, Green 

1984, Tzilkowski, et ale 1986). The strip census method is 

reportedly a very efficient way to observe all of the 

species present in a plot and repeat visits to the same 

plot generally do not add significantly to the species 

list. (Lussenhop 1977, Hohtola 1978, Dunning 1987). The 

circular plot census is just a modified strip census being 

done from a stationary point rather than while moving along 

a line. It is assumed that the circular plot method is 

just as efficient a way to generate a species list as the 

strip census. 

The circular plot has some advantages over a strip 

census in an urban environment, although the strip census 

is the more common in the urban literature. In 

metropolitan Tucson, dogs are most commonly kept in fenced 

backyards. If a researcher tries to walk along the alley 

behind those yards to census the birds, the dogs 

(frequently in as many as 60-80% of the yards) will bark 

until the researcher is 3-4 houses away. The resulting 

noise makes it almost impossible to hear the birds to 

census them and disturbs the residents. with a stationary 

point, I found that after a minute or so the dogs would 



quiet down and simply watch me, allowing me to hear and 

census birds from the alley. 
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Several researchers have also found that human 

interruptions are a common problem in urban bird census 

work (Smith 1971, Penland 1987). I did not find this to be 

much of a problem. It may be that a researcher conducting 

a strip census is peering into more yards and is therefore 

more likely to be questioned by residents than one who is 

simply standing in one place. 

Finally, the point census was chosen over the strip 

census because of the extreme heterogeneity of the urban 

environment. It was felt that birds may be responding to 

extremely small changes in the environment such as the 

presence of native vegetation in one yard in a block of 

exotic vegetation. While the purpose of this study is to 

examine the effect of large scale changes in the land cover 

on the avifauna, it was felt that the heterogeneity 

encountered in urban strip censuses would make 

interpretation of results much more difficult. In 

addition, it is not uncommon for the land cover variables 

measured in this study to change dramatically over very 

short distances. The point census minimizes the 

environmental heterogeneity encountered regardless of the 

type of habitat variables being measured. 

To summarize the methodology, all birds seen and heard 

were censused with the variable circular plot method at 301 



randomly chosen points in the Tucson metropolitan area 

under generally clear and calm conditions for 8 minutes. 

Censuses were conducted from sunrise until the ambient 

temperature approached 850 F. 

Mammal Census Method 

Censusing mammals in urban areas presents special 

access and public acceptance problems. Landowners that 

readily allow researchers access to census birds and 

measure vegetation may be adamantly opposed to trapping of 

any kind (Cauley 1974). Cauley (1974) found that it was 

difficult to randomize trap positions because of these 

access and permission problems. He also had traps stolen, 

even though they were chained to trees and trapped animals 

were released before they could be recorded. 

Goszczynski (1979a), Engel (1980), Grubb and Magee 

(1980), and Van Druff and Rowse (1986) were able to trap 

mammals in metropolitan areas by preselecting areas that 

were relatively secure from human disturbance. The 

necessity of using locations where there is little or no 

human access or disturbance severely restricts the 

randomness of an urban sample. 
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Several other authors, whose research concerned only a 

single species, conducted their censuses by visually 

observing individuals (Ryan and Larson 1976, Engel 1980, 

Manski, et al. 1981, Williamson 1983). Harris (198la) had 
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residents in one study area and school children in another 

searching for and reporting fox sightings, dens, and earths 

in order to determine the distribution and density of foxes 

in the City of Bristol. The use of sign to establish the 

presence of mammal species may, therefore, be more 

palatable to the public in urban areas than trapping 

schemes. 

Goszczynski (1979b) looked at the distribution of 

several mammal species by counting tracks in fresh snow. 

Observing tracks, scat, dens, and other sign can be a 

useful way of establishing presence or absence of a variety 

of mammal species under the varied conditions of site 

access and public support encountered by the urban 

researcher. 

Since the objective of this mammal survey was to 

simply establish a qualitative index of presence or absence 

of mammals throughout the metropolitan area the 

identification of sign was the method used. Mammal sign 

was searched for in the area immediately adjacent to a 

subsample of the random points used in the bird census. 

Sightings tended to be sporadic but were recorded when they 

occurred (including road-killed animals). Identification 

by tracks also tended to be sporadic because the desert 

substrate tends to be hard and does not take tracks very 

well. Even the softer bottoms of washes tend not to be 

suitable for track identification. Therefore, scat, dens, 



and holes were the signs that were relied upon. Webb 

(1940), Murie (1954), and Halfpenny (1986) were consulted 

to aid in identification of mammal sign. 

Land Cover Variables 

Land cover variables were measured by interpretation 

of 1986-1987 aerial photographs of the Tucson metropolitan 

area (scale 1:4800). Variables were measured in a plot 

approximately 6.9 acres (2.79 ha) in size. 
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Dummy values for "home range" were calculated for the 

six most common species from their density values reported 

by Emlen (1974) and Tweit and Tweit (1986). The plot size 

was chosen to be at least as big as these "home range" 

values so that land cover variables measured would include 

resources from every part of a theoretical territory. Bird 

detectibility dropped off sharply from 250' (76m) to 300' 

(9lm). Therefore, land covers were measured within a 

square centered on the point with sides 550' (167.6m) long. 

(A square plot shape was chosen to facilitate the 

digitizing process described below.) Such a square is 

approximately 6.9 acres in size and meets the first 

criterion of encompassing "home ranges" of the most common 

species. 

This small plot size also minimizes the heterogeneity 

encountered in the urban environment. Lussenhop (1977), 

Hohtola (1978), and Penland (1984) recommended smaller plot 



sizes to counteract the rapid expansion in number of 

"habitat" types encountered as area sampled increases in 

urban areas. 

Aerial photographs (1:4800), taken in the winter of 

1986-1987, were used for land cover identification. Since 

the objective was to relate wildlife diversity (species 

richness) to regional land cover variables that might be 

manipulated through the community planning process, it was 

felt that aerial photo interpretation would be more 

appropriate than detailed site inventories of the 

vegetation. Van Druff and Rowse (1986) found that 

variables measured off of aerial photos gave a greater 

number of significant correlations than variables measured 

in detailed ground surveys in their study of mammal 

populations in Syracuse, NY. 
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Seventeen land cover types were measured off of the 

aerial photographs (see Appendix A. for description of 

variables). Land cover was measured by placing an aerial 

photograph on a digitizing table and centering a template 

of the plot on a census point. The square templates were 

oriented to the compass directions on the photo and squared 

with the edges of the digitizing table. The square plot 

shape allowed plots to be squared with the grid on the 

table and minimized the number of X-Y coordinates needed to 

describe the plot. Due to the extreme precision of the 

digitizing table (accurate to 0.001 of an inch) it was 
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impossible to accurately hit the same point twice. 

Therefore, reducing the number of points needed to describe 

a polygon increased the overall accuracy of the data 

collection. 

Each cover type within the plot boundaries was 

digitized as a separate polygon. The X-Y coordinates 

describing each polygon were stored with MAPIT (Robert 

Itami, copyright 1987), a program designed to organize and 

grid map-data for use with Map Analysis Package (Tomlin, 

copyright 1981). For the purposes of this study, however, 

the X-Y data were read by AREACALC (Robert Itami, copyright 

1986), a program that calculates the area and the perimeter 

of each individual polygon. The percent of each plot 

covered with each cover type was then calculated from this 

output. These "percent cover" variables were used in the 

analysis. 

Each plot was also characterized by the predominant 

land use (see TYPE6 in Appendix A). These land use types 

were determined by interpretation of the aerial 

photographs. 

Two types of housing density were calculated by 

counting the number of residences within the plot and 

dividing by the acreage in the plot. The first was the 

number of residences per acre based on the 7 acre plot 

centered on the census point. 
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The second was the number of residences per acre based 

on a larger plot, 24.7 acres (10 ha). The rationale for 

this second density measure lies in the heterogeneous 

nature of the urban structure in Tucson. A single plot 

frequently encompassed residential development of several 

apparent densities as well as significant amounts of 

undeveloped and relatively undisturbed land. It was 

thought that a larger plot might give a more representative 

profile of the vicinity of the census point. 

Any plot for which a housing density could not be 

calculated (for example, industrial sites) was assigned a 

"missing value" of 999.99. 

For developed sites the distance to the nearest open 

space was calculated. Open space was defined as open areas 

with no structures of any kind (for this purpose paved 

roads were defined as structures). The distance to open 

spaces of two sizes, 2.47 acres (1 ha) and 24.7 acres (10 

ha), were measured from the aerial photographs. Acceptable 

blocks of open space could be no more than twice as long as 

they were wide. Extremely long narrow corridors were not 

counted. This shape requirement assured that the open 

space measured was a fairly compact, contiguous block which 

should maximize its usefulness to species requiring open 

space (Diamond 1975, Goldstein, et ale 1981). 

Straight line distances were measured from the census 

point to the nearest edge of the open space. Distances 



were measured directly off of the aerial photographs. 

Since most of the distances were short (75% of DISTI = 
O.OOm) and the terrain in the Tucson Valley is generally 

not very rugged, photographic distortion of the scale was 

assumed to be negligible. 
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Open spaces could be of three types: Natural (1), Non

natural (2), or a Mixture of these two (3). Open space 

type was determined by photo interpretation. 

Over half of the points fell in areas that were 

predominantly natural with no houses within the seven acre 

plot. For these points the distance in meters from the 

census point to the nearest edge of the nearest development 

was measured. This gives a measure of the degree of 

isolation. The type of development encountered was also 

recorded. If the development encountered was residential, 

then the housing density in a seven acre plot was 

calculated. One edge of the plot was placed along the edge 

of the development that was closest to the census point for 

calculating this housing density. 

Analysis 

The data were analyzed with the Statistical Package 

for the Social Sciences (SPSSx). The frequency 

distributions of all the variables were analyzed first and 

skewed variables were noted. Next, Spearman~s Rank 

Correlation was used to calculate correlations between all 
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of the variables. A significance level of P~ 0.05 was used 

to interpret the results. Composite land cover variables 

were created for use in the correlation and future 

analyses. 

Principal components analysis, a subroutine of the 

factor analysis procedure, was done with the seventeen land 

cover variables to try and gain insights into the structure 

of the urban environment. Additional composite land cover 

variables were generated from the results of the principal 

components analysis. 

Bird diversity is the primary dependent variable used 

in the analysis. For the purposes of this paper "bird 

diversity" shall mean the number of species observed at a 

census point. In order to clarify bird response to an 

urban gradient, an additional diversity variable was 

created by excluding those species that seem to prefer 

highly urbanized landscapes. A third diversity variable 

was created by further excluding species that are highly 

associated with suburban landscapes. 

Correlations between the occurrence of selected 

individual species, the species diversity, and the land 

cover and site descriptor variables were calculated. 

Stepwise linear mUltiple regression analyses were conducted 

using the bird species diversity values as the dependent 

variables in separate equations. 
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Finally, community similarity coefficients were 

calculated to gain insights into how the bird community 

changed across an urban gradient. Similarity coefficients 

were calculated according to the following equation: 

c = 2w 
a + b 

where C = the similarity coefficient 

w = the number of species common to both habitat types 

a = the number of species in habitat type a 

b = the number of species in habitat type b 

(Beissinger 1978) • 

Summary 

Wildlife were censused at points selected randomly 

throughout the Tucson metropolitan basin. Birds were 

censused with the variable circular plot method described 

in Reynolds, et ale (1980). Land cover variables were 

measured off of aerial photographs and special attention 

was paid to variables that are somewhat controllable in the 

public forum. SPSSx, a statistical program, was used to 

generate correlation matrices and multiple regression 

equations. The relationship between total species number 

("diversity") and the land cover variables was investigated 

through mUltiple regression analysis. 



CHAPTER 4 

RESULTS AND DISCUSSION 

This chapter will first characterize the study area 

through descriptions of the land cover elements. The 

relationships between the land cover variables and the 

occurrence of selected species will then be discussed. 

Interactions between species diversity and land cover 

variables are then explored. Species assemblages and 

community structure are discussed. Finally, the mammal 

data are presented. 

Land Cover Elements 

Three types of variables were used in the analysis. 

60 

Land cover descriptor variables are variables that describe 

the point and its environs in general terms. Land cover 

descriptor variables were measured directly off of the 

aerial photographs described in Chapter 3, and include the 

type classifications, distances to open spaces and 

development, and housing densities (APPENDIX A). Percent 

cover variables are the variables that describe the cover 

types in the seven acre plot centered on each random point. 

These variables were measured off of the aerial photos with 

a digitizer as described in Chapter 3. There are seventeen 

of these percent cover variables (APPENDIX A). The 

composite variables are the percent cover variables 

combined into groups suggested by the principal components 
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analysis procedure and groups that isolate various 

features, such as impervious surfaces, IMPERV (APPENDIX A). 

The principal components analysis subroutine of the 

factor analysis program in the SPSSx package was run with 

the percent cover variables to gain insights into how they 

vary together. The program generated eight factors, of 

which only the first two were conceptually logical. 

Percent of the plot covered by single family dwellings, 

roads, and the open urban savannah yards (more grass than 

trees) loaded heavily on the first factor. This factor 

represented a residential development construct. Multi

unit and commercial buildings and parking lots loaded most 

heavily on the second factor representing an intense 

urbanization construct. Standardized factor scores were 

calculated for these two factors. 

Composite variables were created by simply summing the 

variables that had loaded most heavily on each factor into 

a single variable. These composite variables had stronger 

correlations with the dependent variables than the factor 

scores. Therefore, the composite variables were used in 

subsequent analysis rather than the factor scores. 

Total Study Area 

The random sampling technique employed in this study 

allows one to look at the occurrence of various land cover 

elements throughout the study area. Therefore, conclusions 



may be drawn concerning the character of the Tucson 

metropolitan basin. 
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Results. When the total study area is considered, 

almost half of the sample points are classified as natural, 

that is, with no development in them (TABLE 1). The second 

most common type encountered is residential uses at over 35 

% of the plots. Industrial uses at only 6 % of the plots 

are the third most frequent land use. Institutional, 

agricultural, commercial, and transportation uses follow in 

that order. 

In addition, open spaces and development seem to be 

fairly thoroughly mixed. Seventy five percent of the 

points are immediately adjacent to one hectare of open 

space (DISTl = O.OOm), and in most cases (80 %) of that 

o~~n space is natural (TYPEl = 1) (TABLE 2). The average 

distance to these small blocks of open space is only 43m 

(TABLE 3) and never more than 731m (0.45 mi). Even large 

blocks of open space (10 ha) are fairly common. Sixty five 

percent of the points are right next to ten hectares of 

open space. Furthermore, a great deal of this open space 

is natural (76 %). The average distance to these larger 

blocks of open space is 156m (TABLE 3) and the maximum 

distance is much greater than for the smaller blocks (2706m 

or 1.68 mi). 

When the subset of points that were classified as 

natural are considered, a majority (52 %) are adjacent to 



IABLE 1. Percentage of Landuae Types Within Each Study Area Zone. 

~ 

LANDDSE TOTAL INNER RIVER IRONWOOD PALOVERDK CREOSOTE CBIHDABDAN MOUNTAIN 
1m STODY AREA CITY CORRIDO~H~cmA.Im _ _SUBURBAN _SUBURBAN 

Natural 49.5 % 3.6 36.4 75.8 34.7 69.9 88.9 100.0 

Single Fam. Rea. 33.6 60.0 30.3 21. 2 59.7 9.6 1l. 1 

Mobile Home~ l.0 3.6 3.0 

Multi-unit Rea. 1.0 3.6 1.4 

Commercial l.7 9.1 

Industrial 6.0 7.3 9.1 15.1 

Institutional 4.3 12.7 3.0 2.8 4.1 

Tranaportation 1.0 6.1 1.4 

Agricultural 2.0 15.2 1.4 

~ 
w 



TABLE 2. Frequency of Occurrence of Different Open Space Types Found 
Within the Study Area Zones. 

~ 

OPEN SPACES 
( ~ 1 ha) 

TOTAL 
STODY AREA 

INNER RIVER IRONWOOD PALOVERDE CREOSOTE CHIHUAHUAN MOUNTAIN 

Natural 

Non-natural 

Mixture 

OPEN SPACES 
( ~ 10 ha) 

Natural 

Non-natural 

Mixture 

79. 7 ~~ 

13.6 

6.6 

76.4 

8.0 

15.6 

CI~_1:0RR1DOR SUBURBAH . SAGUARO. SUBURBAN _SUBURBAN 

38.2 

49.1 

12.7 

38.2 

25.5 

36.4 

60.6 

24.2 

15.2 

45.5 

24.2 

30.3 

93.9 

6.1 

90.9 

9.1 

88.9 

4.2 

6.9 

87.5 

2.8 

9.7 

94.5 

1.4 

4.1 

90.4 

9.b 

100.0 

100.0 

100.0 

100.u 

0'1 
~ 



TABLE 3. Means of Housing Density, Distance to Open Space, Distance 
to Development, and Heterogeneity Within Study Area Zones. 

Z!lliIDi 

TOTAL 
STUDY AREA 

INNER RIVER IRONWOOD PALOVERDE CREOSOTE CHIHUABUAN MOUNTAIN 

HOUSING DENSITY 

7 Acre Plot 

24.7 Acre Plot 

DISTANCE TO 
OPKN SPACK 

2. 1 ha 

2. 10 ha 

DISTANCE TO 
DEVELOPMENT 

HETEROGENKITY 

u.78 RAC 

0.72 RAC 

43.5 m 

156.5 m 

226.2 m 

3.9 

CITY CORRIDOR SUBURBAN SAGUARO SQBUBBAN SUBURBAN 

3.1 fj 

2.76 

180.0 

599.4 

B.U 

5.1 

0.26 

0.31 

10.3 

39.0 

166.8 

4.1 

0.::!1 

0.31 

3.1 

16.1 

328.4 

3.2 

0.81 

0.07 

35.4 

143.5 

80.1 

4.4 

0.11 

0.16 

2.8 

27.4 

361. 4 

3.5 

0.u8 

0.08 

0.0 

0.0 

308.9 

4.0 

0.00 

0.00 

0.0 

0.0 

634.5 

r, " ..... 

m 
l.T1 
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development of some kind (DIST3 = O.OOm). Seventy percent 

of the time that development is single family residential 

units (TYPE3 = 2). The second most common type of 

development encountered is industrial (14 %) (TYPE3 = 6). 

This is because industrial development tends to be sited 

near the edges of the study area in otherwise undeveloped 

land. These results indicate that while points chosen at 

random have a high probability of being near natural open 

space they also have an even chance of being near some type 

of development. In other words, development and natural 

open space are still highly intermixed in the Tucson 

metropolitan basin. 

Over 85 % of the study area sampled is covered with 

vegetation and only 13 % of the land cover is impervious 

types, such as roads and buildings. This high proportion 

of vegetative cover is similar to the proportions found in 

other metropolitan areas (e.g. waterloo, Ontario - Dorney 

1986). As might be expected, the mean housing density for 

the entire study area is quite low, less than one residence 

per acre (DENSITYI = 0.78 RAe) (TABLE 3). This low 

average housing density is partially due to the large 

number of undeveloped points in the study area (DENSITYI 

=0.00). 

Discussion. These data describe a community in which 

development and open space are highly intermixed. 

Furthermore, 80 % of the open space encountered at random 



in the metropolitan area is natural. Since publicly 

designated open spaces in the metropolitan basin tend to 

include large areas of modified habitats (such as playing 

fields and golf courses) most of the natural open space 

encountered tends to be privately owned lots and 

undeveloped land. 

The intermixture of residential development and 

natural open spaces should provide habitats for a variety 

of wildlife. It also shows that many of the metropolitan 

residents currently live near some wildlife habitat and so 

should have ample opportunities for viewing wildlife near 

their homes. 

Zonal Distinctions 
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Results. This picture of a sprawling, low density, 

residential, underdeveloped metropolitan area changes 

somewhat when the different zones are examined 

individually. The inner city zone is the most distinctive. 

Only 3.6 % of the plots in this zone were natural compared 

to 50 % for the total sample (TABLE 1). In addition, the 

proportion of points that were in residential, multi-unit 

residential, commercial, and institutional land uses is 

much higher than for the total sample (TABLE 1). Housing 

density is significantly (P<0.05) higher in this zone than 

in any other. The inner city zone is the only zone where 

the mean housing density is greater than 1 RAe (TABLE 3). 
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Both the total amount of vegetation on a plot and the total 

amount of natural vegetation are significantly lower in the 

inner city zone than in any other zone. The open space 

levels are also considerably lower in the inner city zone. 

Only 21.8 % of the points are adjacent to open space of one 

hectare in size and only 38.2 % of those open space blocks 

are natural (TABLE 2). The average distance to open space 

of 1 ha is significantly greater in this zone than any 

other as well (180m) (TABLE 3). The picture is similar 

when larger parcels of open space are considered. Only 14 

% of the plots are right next to 10 ha of open space and 

only 38.2 % of those parcels are natural open space (TABLE 

2). The average distance to 10 ha pieces of open space 

from plots in the inner city increases dramatically to 

almost 600m, significantly further than any other zone in 

the study area (TABLE 3). 

Using land use type, proportion of vegetative cover, 

housing density, and distance to open space as indicators 

of urbanization, the next most highly urbanized zone after 

the inner city is the paloverde-saguaro suburban zone 

(TABLES 1 and 3, and FIGURE 3). The river corridor and the 

other suburban zones follow at intermediate levels of 

urbanization. The mountain zone is almost entirely natural 

with only 3 % in impervious surfaces of any kind (FIGURE 

3). This figure is probably inflated in this zone due to 
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the access problems that frequently kept points closer to 

roads than random chance would allow. 
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Discussion. The Tucson metropolitan basin is 

predominantly natural and low density residential. Despite 

this overall pattern there is a range of urbanization 

intensity from the most intensive urbanization levels in 

the inner city to virtually no urbanization in the mountain 

zone. Much of the natural open space encountered is 

privately owned and is the result of incomplete 

development. It is not likely that residential lots and 

open space parcels will be intermixed in the future to the 

extent that they are currently. During the course of two 

field seasons, several natural sites included in this study 

were converted to residential development. 

Composite Land Cover Variables 

RESIDEN and MULTCOMM, representing the two factors 

identified by the principal components analysis, and the 

composite variables of IMPERV and URBYARD differ among 

zones according to the amount of urbanization that is 

characteristic for each zone (FIGURE 3). 

Several other composite variables PVS, NATPVS, WASHES, 

NATCREST, and CREOSOTE were created to represent the range 

of natural habitats encountered (See APPENDIX A for 

variable definitions). In the total study area there 

seemed to be about twice as much land covered with 
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paloverde-saguaro vegetation types (PVS and NATPVS) as with 

creosote vegetation types (NATCREST and CREOSOTE). with 

the exception of the inner city zone which had low levels 

of all natural vegetation types and the river corridor zone 

which had roughly equal amounts of paloverde-saguaro and 

creosote types, each zone tended to be predominantly either 

paloverde-saguaro or creosote (FIGURE 3). 

Bird Species Distributions 

Along with the ten most common species an additional 

seven species were chosen to represent a range of species 

habitat preferences from urban environments to native 

desert areas. These seventeen species included urban 

exotics, urban natives, and urban intolerant species that 

preferred either creosote or paloverde-saguaro vegetation 

types. It was thought that these different groups might 

respond differently to the land cover variables measured. 

An attempt was made to select the most common species 

in each group to ensure an adequate number of observations 

for analysis. Except for rock doves (Columba livia), each 

of the additional species occurred at a minimum of 15 % of 

the plots. 

Species Rankings 

Species recorded were ranked by the proportion of 

points at which each was observed. The cactus wren 

(Campylorhynchus brunneicapillus) was the most widespread 
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species. It was found at 83 % of the census points. The 

house sparrow (Passer domesticus), which is commonly the 

species with the highest density in urban areas, occurred 

at only 38 % of the points, placing it ninth (TABLE 4). 

Given the low density, extensive nature of the Tucson urban 

macrostructure this result is not entirely surprising. 

House finches (Carpodacus mexicanus) were both widespread 

and numerous in their distributions. House finches 

occurred at 70 % of the points. The other species in the 

top ten are popularly perceived as being common and 

abundant in urban areas and relatively tolerant of 

urbanization. These species are probably widespread 

throughout the metropolitan basin because Tucson is still 

only moderately urbanized. As urbanization continues they 

will probably decline in abundance. 

When frequency of occurrence is examined by zone, the 

species rankings change dramatically. For example, in the 

inner city zone, cactus wrens and house sparrows reverse 

their rank orders (TABLE 4). At the other extreme, in the 

mountain zone, cactus wrens occur at all of the points 

while house sparrows do not rank in the top ten at all. 

Species Assemblages 

When the mean percent cover for each of the five 

natural vegetation variables and the six urbanization 

variables are plotted for points where each species occurs, 



TABLE 4. Frequency of Occurrence and Rank Order For Common Bird 
Species in the Tucson Metropolitan Study Area. 

ZQHE1i 

SPECIES TOTAL 
STDDY AREA 

INNER RIVER IRONWOOD PALOVERDE CREOSOTE CBIBUAHUAN MOUNTAIN 
CI'l'Y CORRIDOR SUBtJRBAH SAGUARO SUBURBAN SUBURBAN 

cactus Hren 

house finch 

mourning dove 

gambe!'s quai! 

white-H. dove 

gila woodpecker 

curve-b. thrasher 
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house sparrow 

n. mockingbird 
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Eur. starling 

grt-t. grackle 

inca dove 

blk-t. gnatcatcher 

ash-to flycatcher 

(1) = Species Hank 

83% (1) 

70 (2) 
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60 (4) 

59 (5) 
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58 (7) 
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38 (9) 
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27 (*) 
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44 (8) 

78 (3) 

56 (5) 
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60 (4) 
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22 (*) 
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96 (1) 

86 (2) 

2 (*) 

47 (7) 

42 (9) 

58 (6) 

o (*l 

4 ( .. ) 

70 (3) 

73 (2) 

79 (1) 

58 (4) 

58 (4) 

52 (6) 

36 (9) 

49 (7) 

36 (9) 

33 (*) 

o (*) 

42 (8) 

36 (9) 

15 (*) 

6 (*) 

12 (*l 

(*) = Species does not occur in the top ~en in this ~one. 
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65 (7) 

8 (*) 

8 (*) 

77 (3) 

4 ("') 

o ("') 

o (*) 

46 (10) 

19 U) 

........ 
L11 



76 

three patterns emerge (FIGURE 4). Therefore, species were 

grouped into three categories, urban, suburban, and exurban 

(TABLE 5). 

The patterns for urban exotic species and urban native 

species are essentially the same on both the natural 

habitat and the urbanization scales and they were all 

classified as urban species. This suggests that urban 

birds, whether native or exotic, are responding to and 

selecting for the same elements in the metropolitan area. 

The non-urban or exurban native birds also exhibit a 

distinctive pattern (FIGURE 4). Mean percent cover of 

natural habitats for points where these species occur are 

much higher than the means for the urban species. The 

exurban native birds' means for the urban elements of 

IMPERV, MULTCOMM, RESIDEN, and URBYARD are much lower than 

the urban species' means. Mean NATVEG values are much 

higher for the exurban native species than those for the 

urban species. In the exurban pattern, mean NATVEG values 

are almost the same as the TOTVEG values. In the urban 

pattern, NATVEG means are much lower than the TOTVEG 

values. 

The plots for the exurban birds indicate that these 

species, which include the widely distributed cactus wren, 

gambel's quail (Callipepla gambellii), and curve-billed 

thrasher (Toxostoma curvirostre), are much less tolerant of 

urbanization than the correlation and distribution patterns 



TABLE 5. Bird Species Assemblages. 

Urban Exotics 

Rock Dove 
House Sparrow 
European Starling 

Urban Natives 

Inca Dove 
Great-tailed Grackle 
Northern Mockingbird 

Suburban Species 

Mourning Dove 
White-winged Dove 
House Finch 

Exurban Species 

Gambel~s Quail 
Gila Woodpecker 
Ash-throated Flycatcher 
Black-throated Sparrow 
Curve-billed Thrasher 
Cactus Wren 
Verdin 
Black-tailed Gnatcatcher 
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might imply. It also appears that they prefer considerably 

more native vegetation than is commonly available in the 

urbanized habitats frequented by urban species. 

The three species, house finches, mourning doves 

(Zenaida macroura), and white-winged doves (Zenaida 

asiatica), which did not have a consistent pattern in the 

correlations are all remarkably similar to each other in 

their plots on the natural and urbanization scales (FIGURE 

4). These species follow a pattern that is very similar to 

the exurban native pattern on the natural vegetation scale. 

However, on the urbanization scale, these species exhibit a 

pattern that is intermediate between the natural and urban 

patterns. These "suburban" species respond to natural 

habitats when they are available in much the same way that 

the majority of the native birds do. However, they are 

much more tolerant of urbanization than the exurban native 

species. Mean values of IMPERV, MULTCOMM, RESIDEN, and 

URBYARD were all much higher for suburban species than 

exurban species. Mean NATVEG values were much lower than 

exurban values and higher than urban values. Mean TOTVEG 

values approached those of the exurban species. Therefore, 

it appears that suburban species require larger amounts of 

native vegetation than urban species and that they are more 

tolerant of man-maintained vegetation (URBYARD) and the 

encroachment of built elements (IMPERV and RESIDEN) than 

the exurban species. 
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Relationships with Land Cover Variables 

Composite Variables on the Urbanization Scale. The 

presence of each species was correlated with the variables 

that describe the level of urbanization. Significant 

correlations (P<O.05) were found between all of the species 

and almost all of the variables (TABLE 6). Urban exotic 

birds such as house sparrows, rock doves, and European 

starlings (Sturnus vulgaris) were correlated positively 

with elements of urbanization such as IMPERV, MULTCOMM, 

RESIDEN, and URBYARD. 

URBYARD is a composite of the urban savannah 

vegetation cover types. This urban savannah may contain 

high proportions of native plants but it differs from 

native vegetation types in several ways. The vegetative 

structure of the urban savannah is simplified, the 

diversity of native plant species used is greatly reduced, 

and the stands are not naturally occurring. The positive 

correlation between the urban exotic bird species and 

URBYARD indicates a relationship with man-maintained 

vegetation. 

The urban exotic group was correlated negatively with 

both NATVEG and TOTVEG. This should not be interpreted to 

mean that urban exotic species avoid vegetation but rather 

that large amounts of naturally occurring native vegetation 

implies a minimal amount of the man-made elements which 



TABLE 6. Spearman's Rank Correlation~ Between Species Occurrence and 
the Composite Land Cover Variables That Describe the 
Inten~ity of Urbanization. 

LAND COVER VARIABLES 

SPECIES IMfERY HULICOHH BESIDEN QRBYARD HATVEG TOTYEG BKTEROG GRADIENT 

gambel'~ quail 

rock dove + 

mourning dove + (+ ) 

white-w. dove (-) 

inca dove + + 

gila woodpecker 

ash-to flycatcher 

Eur. starling + + 

grt.-t. grackle + + 

house finch + + 

blk-t. sparrow 

n. mockingbird + + 

curve-b. thra~her 

cactus wren 

verdin 

blk.-t. gnatcatcher 

house sparrow + + 

- negative correlation P<0.05 
+ = positive correlation P<0.05 

+ + 

+ 

(+ ) 

+ + 

+ + 

+ + 

+ ;-

+ ;-

+ + 

(i) = marginal significance level of 0.10 < P < O.Ob 
• = correlation not significant 

+ + 

+ + 

+ 

(+) 

+ + 

+ + 

+ + 

+ ;-

+ + 

+ ;-

;- ;-

+ ;-

+ ;- l-J 

+ + 

+ + 

+ ;-

+ + 

ex> 
IV 



these species appear to require. The negative correlation 

with TOTVEG is probably due to the fact that NATVEG is a 

large component of TOTVEG. 
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There are several species that are native to the 

southwestern portions of North America, but which are 

commonly perceived as being urban birds. Urban native 

species, such as great-tailed grackles (Quiscalus 

mexicanus), inca doves (Columbina inca), and northern 

mockingbirds (Mimus polyglottos), had a pattern of 

correlation with the elements of urbanization that followed 

that of the urban exotics (TABLE 6). 

Almost all of the rest of the native species were 

correlated negatively with the elements of urbanization and 

positively with NATVEG and TOTVEG (TABLE 6). This was true 

even for species such as cactus wrens and verdins 

(Auriparus flaviceps) which are widely distributed 

throughout the metropolitan area and which are commonly 

perceived as being tolerant of development. 

There was a small group of species for which 

correlations did not follow the expected pattern or the 

correlations were either marginally or not significant. 

The house finch is a native species which was common in all 

zones, including the natural mountain zone (TABLE 4). 

However, this species correlated positively with IMPERV, 

MULTCOMM, RESIDEN, and URBYARD and negatively with NATVEG 

and TOTVEG (TABLE 6). Its pattern was the same as for more 
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commonly recognized urban species. Mourning doves and 

white-winged doves did not have strong correlations with 

the elements of urbanization nor did they exhibit a clear 

pattern (TABLE 6). 

When the means for the urbanization scale variables 

are compared between points where a species occurs and 

points where it is absent, the relationships between 

species occurrence and these land cover variables become 

clearer (FIGURE 5). The direction of the differences in 

the means tends to follow the sign of the correlations. 

However, for many species there is not a very large 

absolute difference in the means between points where a 

species occurs and points where it is absent. 

Composite Variables on the Natural Land Cover Scale. 
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Species were also correlated with several elements of 

natural habitats, PVS, NATPVS, WASHES, NATCREST, and 

CREOSOTE (TABLE 7). The urban exotic species and the urban 

native species were all negatively correlated with all of 

these natural elements. A few of the remaining native 

species, such as cactus wrens, verdins, gambel's quail, and 

black-throated sparrows (Amphispiza bilineata), were 

positively correlated with all of the natural elements 

(TABLE 7). This indicates that these species are 

associated with natural environments without necessarily 

having a strong preference for either creosote habitats or 

paloverde-saguaro habitats. Most of the other native 



TABLE 7. Spearman's Rank Correlations Between Species 
Occurrence and the Composite Land Cover Variables 
That Describe Natural Vegetation Types. 

LAND COVER VARIABLES 

SPECIES PVS NATPVS WASHES NATCREST CREOSOTE 

gambel's quail + + 

rock dove 

mourning dove + + 

white-we dove + + 

inca dove 

gila woodpecker + + 

ash-to flycatcher 

Eur. starling 

grt.-t. grackle 

house finch 

blk-t. sparrow + + 

n. mockingbird 

curve-b. thrasher + + 

cactus wren + + 

verdin + + 

blk-t. gnatcatcher + + 

house sparrow 

- = negative correlation P<0.05 
+ = positive correlation P<0.05 

+ + 

+ 

+ 

-I 

+ + 

(- ) 

+ + 

+ + + 

+ + (+ ) 

(- ) 

(+) = marginal significance level of 0.10 < P < 0.05 
. = correlation not significant 
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species exhibited a positive correlation with either 

paloverde-saguaro vegetation or creosote vegetation and a 

negative correlation with the other type. House finches 

were negatively correlated with creosote vegetation types 

and did not have a significant correlation with the 

paloverde-saguaro types (TABLE 7). Mourning doves and 

white-winged doves which show a weak urban pattern of 

correlations with elements of the built environment, did 

not exhibit an urban pattern with respect to natural 

elements of the environment. Both of these species were 

positively correlated with paloverde-saguaro vegetation 

types and negatively with creosote types (TABLE 7). 
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About half of the species examined in further detail 

were not correlated strongly with WASHES, the composite 

variable that is the sum of the riparian vegetation types 

encountered in the 7 acre plot around a census point (TABLE 

7). Stronger correlations were achieved between species 

occurrence and composite variables that included both 

riparian and upland vegetation types (NATPVS and NATCREST). 

Riparian habitats are a very small proportion of the total 

coverage of a plot, and some of the weak correlations with 

this element may be due to the small amount of variation in 

this variable. When the mean of WASHES for points where a 

species occurs is compared to the mean for points where the 

species is absent, there are frequently significant 

differences, although there are not very large absolute 
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differences (FIGURE 5). The high number of species showing 

no significant correlation with washes is also partially 

due to the high proportion of urban species included in the 

subset of species examined. Urban species tend to not be 

strongly correlated with natural vegetation types. 

Land Use Descriptor Variables. Correlations between 

species occurrence and housing density and distance to open 

space followed species preferences for indicators of 

urbanization (TABLE 8). Species that were positively 

correlated with IMPERV, MULTCOMM, RESIDEN, AND URBYARD were 

also positively correlated with DISTI, DIST2, DENSITYI and 

DENSITY2. Urban and urban tolerant birds occur more 

frequently as the distance to the nearest open space 

increases and as housing density increases. Species that 

were negatively correlated with indicators of urbanization 

were also negatively correlated with distance to open space 

and housing density. House finches, mourning doves, and 

white-winged doves all followed an urban pattern with 

regard to distance to open space and housing density. Each 

of these species was positively correlated with DISTI, 

DIST2, DENSITYI, and DENSITY2 (TABLE 8). 

The distance from a natural plot to the nearest 

development, DIST3, was also correlated to species 

occurrence (TABLE 8). Birds which have so far exhibited an 

urban pattern of correlations were negatively correlated to 

distance to development. That is, urban birds were less 



TABLE 8. Spearman's Rank Correlations Between Specie~ Occurrence and 
Land Cover De~criptor Variable~. 

SPECIES DISTANCE TO OPEN SPACE DISTANCE TO HOUSING DENSITY 
( > 1 HAl (> 10 HAl DEVELOPMENT (7 AC) (24.7 ACl 

gambel's quail 

rock dove + 

mourning dove 

white-w. dove (+ ) 

inca dove + 

gila woodpecker 

a~h-t. flycatcher 

Eur. starling + 

grt-t. grackle + 

hou~e finch + 

blk-t. sparrow 

n. mockingbird + 

curve-b. thrasher 

cactus wren 

verdin 

blk-t. snatcatcher 

house sparrow + 

- negative correlation P<0.05 
+ = po~itive correlation P<O.05 

+ 

+ 

+ 

+ 

+ 

+ 

t 

+ 

+ 

+ 

+ 

+ 

1" 

+ 

+ 

+ 

(~) = marginal significance level of 0.10 < P , O.Ob 
• = correlation no~ significant 

+ + 

+ + 

+ + 

t + 

+ t 

+ + 

+ + 

+ + 

+ + 

I.D 
.j:>. 



likely to occur at a point if it was relatively isolated 

from other urban elements. Species following a natural 

pattern were positively correlated with DIST3, occurring 

more frequently when separated from development by greater 

distances. 

Relationships with Housing Density. 
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When species occurrence is plotted against housing 

density classes, which are based on current Pima County 

zoning regulations, some interesting variations can be 

noted (FIGURE 6). Several exurban native species, such as 

black-tailed gnatcatchers (Polioptila melanura), black

throated sparrows, and ash-throated flycatchers (Myiarchus 

cinerascens), decline steadily as housing density increases 

(FIGURE 6), as would be expected. However, several others, 

such as gambel~s quail, curve-billed thrasher, cactus wren, 

and verdin, increase somewhat in the first housing density 

class before declining (FIGURE 6). This increase at 

extremely low levels of housing density (less than .333 

RAC) may be due to an increased availability of water and 

artificial food sources that have a beneficial effect on 

species. At higher housing densities, these positive 

effects are offset by the negative effects of urbanization. 

As expected, urban species generally increase in 

occurrence as housing density increases. The suburban 

species seem to peak at the middle range of the housing 
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densities and then decline with further increases. This is 

consistent with their mid-range tolerance levels for 

urbanization. 

Summary 

When individual species occurrences are examined by a 

variety of variables representing both natural and urban 

elements of the metropolitan landscape, several distinct 

patterns emerge. On the basis of these patterns species 

can be classified as urban, suburban or exurban species. 

Urban exotic and urban native species respond to elements 

in the environment in the same way. Suburban birds are 

slightly less tolerant of urbanization than urban species 

and somewhat more tolerant of it than exurban species. 

Some exurban species respond positively to extremely low 

levels of residential development. 

Bird Species Diversity 

Three species diversity values were developed. The 

first, DIV, is simply the number of bird species seen or 

heard at a census point. The second, NURBDIV, is the 

number of bird species seen and heard at a census point 

excluding the urban birds. Urban birds were defined on the 

basis of the patterns of response to the various elements 

of the metropolitan landscape described in the previous 

section. Species excluded as urban birds were rock doves, 

inca doves, European starlings, great-tailed grackles, 



northern mockingbirds and house sparrows. Domestic 

chickens, ducks, and geese were also excluded from this 

diversity value. Removing the urban birds from the 

diversity index should clarify responses to the 

urbanization gradient. To further clarify bird responses 

to development, the third diversity value was created by 

further excluding the suburban birds. Additional species 

excluded from this third diversity index, RURALDIV, were 

mourning doves, white-winged doves, and house finches. 

Associations with Land Cover Variables 

Total Study Area. Correlations were done between the 

three diversity indices and the land cover variables. As 

expected correlations were stronger as urban and suburban 

birds were removed from an index. 
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All three diversity indices were correlated negatively 

with land use type (TYPE6), type of open space (TYPEI, 

TYPE2), and with distance to open space (DISTI, DIST2) 

(TABLE 9). Undeveloped, natural cover types were at the 

low end of each range of types. Therefore, as type 

decreases (ie. goes toward a natural value) diversity 

generally increases. 

Total diversity, DIV, was not significantly correlated 

with housing density (TABLE 9). The other two diversity 

indices, NURBDIV and RURALDIV, were negatively correlated 

with housing density (TABLE 9). This result is expected as 
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TABLE 9. Spearman's Rank Correlations Between Bird Diversity 
Indices and the Land Cover Descriptor Variables. 

LAND COVER 
VARIABLES 

LANDUSE 
TYPE 
(TYPE6) 

OPEN SPACE 
TYPE 
2. 1 HA 
(TYPE1) 

2. 10 HA 
(TYPE2) 

HOUSING 
DENSITY 
7 AC PLOT 
(DENSITY1) 

24.7 AC PLOT 
(DENSITY2) 

DISTANCE TO 
OPEN SPACE 
2. 1 HA 
(DIST1) 

2. 10 HA 
(DIST2) 

DISTANCE TO 
DEVELOPMENT 
(DIST3) 

HETEROGENEITY 
(HETEROG) 

URBAN 
GRADIENT 
(GRADIENT) 

DIVERSITY INDICES 

TOTAL BIRD NON-URBAN BIRD EXURBAN BIRD 
DIVERSITY DIVERSITY DIVERSITY 

-0.2757 -0.4704 -0.5185 

-0.2776 -0.4567 -0.4541 

-0.2616 -0.4325 -0.4554 

-0.3449 -0.4376 

-0.3514 -0.4609 

-0.2198 -0.4144 -0.4404 

(-0.0830) -0.3313 -0.3949 

0.2255 0.3414 

-0.2755 -0.3737 

-0.2589 -0.5054 -0.5157 

- = negative correlation P<0.05 
+ = positive correlation P<0.05 
(±) = marginal significance level of 0.10 < P < 0.05 
. = correlation not significant 
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both the common urban species that are positively 

correlated with housing density and the common exurban 

species that are negatively correlated with housing density 

are included in DIV. 

The three diversity indices followed the exurban 

species pattern of correlation with the urbanization 

elements of IMPERV, MULTCOMM, RESIDEN, URBYARD, NATVEG, and 

TOTVEG (TABLE 10). The negative correlations with URBYARD 

indicate that urban vegetation is not an adequate 

substitute for natural, undisturbed vegetation. 

Diversity indices were also correlated with the 

variables in the natural habitat scale. All three 

diversity indices were most strongly correlated with 

NATPVS, the combination of riparian and paloverde-saguaro 

vegetation types (TABLE 10). The three indices were weakly 

or negatively correlated with creosote vegetation types 

(TABLE 10). It was expected that bird diversity would be 

lower in creosote habitats when compared to paloverde

saguaro types as that was the result found by Tomoff 

(1974). 

Zonal Distinctions. There are differences in the mean 

diversity values for each zone as well. When mean total 

diversity, DIV, is plotted by zone over the study area 

there is a general trend toward higher diversity values the 

further one moves away from the inner city (FIGURE 7). A 

series of t-tests were done to determine where significant 



TABLE 10. Spearman)s Rank Correlations Between Bird Diversity 
Indices and Composite Land Cover Variables. 

DIVERSITY INDICES 

NATURAL TOTAL BIRD NON-URBAN BIRD EXURBAN BIRD 
VEGETATION DIVERSITY DIVERSIl'l: DIVERSITY 
TYPES 

PVS 0.4552 0.5852 0.5367 

NATPVS 0.5313 0.6777 0.6369 

WASHES 0.2550 0.2970 0.2814 

NATCREST 0.0998 

CREOSOTE -0.2662 -0.1579 (-0.0870) 

INTENSITY OF 
URBANIZATION 
VARIABLES 

IMPERV -0.2341 -0.4941 -0.5660 

MULTCOMM -0.2399 -0.3397 -0.3473 

RESIDEN -0.2141 -0.4992 -0.5751 

URBYARD -0.2339 -0.5117 -0.5541 

NATVEG 0.2577 0.5260 0.6032 

TOTVEG 0.2682 0.5097 0.5843 

- = negative correlation P<0.05 
+ = positive correlation P<0.05 
(±) = marginal significance level of 0.10 < P < 0.05 
. = correlation not significant 
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(P<0.05) differences in the means occurred. The mean 

diversity value for the inner city zone was significantly 

different from all other zones, except the creosote 

suburban and the chihuahuan suburban zones. The creosote 

suburban zone was significantly different from all other 

zones except the inner city and chihuahuan suburban zones. 

The mountain zone was significantly higher than the 

chihuahuan suburban zone. None of the other zones were 

significantly different from each other. 
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When urban birds were removed from the total diversity 

index (DIV) the pattern of increasing diversity as one 

moves away from the inner city was accentuated (FIGURE 8). 

For the NURBDIV distribution by zone, the inner city zone 

mean diversity was significantly lower than all other 

zones. The creosote suburban zone was significantly 

different from all other zones except the river corridor 

and the chihuahuan suburban zones. Finally, the mean 

NURBDIV value in the mountain zone was significantly higher 

than all other zones. 

When the suburban birds were removed from the 

diversity index as well, the pattern of RURALDIV by zone 

shows how native exurban birds respond to the overall 

patterns of urban development seen in the Tucson 

metropolitan basin (FIGURE 9). with a mean value of 2.6 

species, the inner city zone was significantly lower than 

any other zone. At the other extreme, the mountain zone 
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was significantly higher than all other zones, with a mean 

value of 8.7 species. The river corridor and the suburban 

zones were not significantly different from one another, 

with the exception of the ironwood suburban zone. The 

ironwood suburban zone with its diverse vegetation type can 

support a greater diversity of native bird species than any 

other suburban zone in the metropolitan area. The ironwood 

suburban zone diversity was not significantly different 

from the chihuahuan suburban zone but this may be simply 

due to the small sample size in the chihuahuan suburban 

zone. 

Regression Results. Stepwise mUltiple regression 

procedures were run with each of the diversity indices to 

see if predictive equations could be developed from the 

land cover variables measured. In stepwise multiple 

regression each independent variable is added one step at a 

time. At each step, each variable that is not in the 

equation is re-evaluated for its contribution to explaining 

the remaining variation in the dependent variable. The 

process stops when no more independent variables have 

partial correlations with the dependent variable that are 

significant at a predetermined level. In this case the 

process was stopped when significance levels of P<0.05 were 

exceeded. 

Regressions were run with three sets of independent 

variables and results were similar each time (FIGURE 10). 
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When regressions were run with only the percent cover 

variables and the land use descriptors, such as housing 

density and distance to open space, the results were 

similar to equations generated from composite land use 

variables and land use descriptors. In the percent cover 

equations, paloverde-saguaro and riparian types, as well as 

roads and open urban savannah, were important predictors of 

NURBDIV and RURALDIV. These cover types are the major 

components of the composite variables NATPVS and RESIDEN 

which were important in the regression equation generated 

from composite variables. The r-square values are the same 

for equations generated from either set of independent 

variables which indicates that neither one is better at 

explaining the variation in bird diversity than the other. 

When the regression was run with both percent cover 

and composite variables, the composite variables tended to 

be included first (FIGURE 10). This may indicate that 

there are synergistic effects between cover types that are 

not accounted for when they are considered individually. 

The upland (PVS and CREOSOTE) and riparian (WASHES) 

variables were not selected in either equation, although 

NATPVS and NATCREST which combine these elements were 

selected. This seems to indicate that upland and riparian 

vegetation types together are more important to birds than 

either one alone. 



FIGURE 10. Bird Diversity Indices Regressed on Land Cover 
Variables - Equations 

TOTAL BIRD DIVERSITY INDEX (DIV) 

With Percent Land Cover Variables: 

DIV = PERCNT85 + PERCNT60 + PERCNT80 + PERCNT65 - DIST3 
(0.0325) (0.0733) (0.0496) (0.0624) (-0.0011) 

Constant = 7.8927 
r-square = 0.30 

With Composite Land Cover Variables: 

DIV = NATPVS - DIST3 + WASHES - TYPE6 
(0.0304) (-0.0013) (0.0328) (-0.2118) 

Constant = 8.5230 
r-square = 0.31 

with All Land Cover Variables: 

DIV = NATPVS - PERCNT85 - RESIDEN - DIST3 
(0.0460) (-0.0278) (-0.0230) (-0.0013) 

Constant = 9.3505 
r-square = 0.28 

NON-URBAN BIRD DIVERSITY INDEX (NURBDIV) 

With Percent Land Cover Variables: 

NURBDIV = - PERCNT48 + PERCNT85 + PERCNT65 + PERCNT60 
(-0.0402) (0.0334) (0.0607) (0.0539) 

r-square = 

+ PERCNT80 
(0.0319) 

Constant = 
0.51 

- PERCNT20 
(-0.0749) 

7.1397 

With Composite Land Cover Variables: 

NURBDIV = NATPVS - RESIDEN + NATCREST 
(0.0454) (-0.0245) (0.0153) 

Constant = 6.0289 
r-square = 0.51 
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FIGURE 10. Continued. 

with All Land Cover Variables: 

NURBDIV = - RESIDEN + NATPVS + NATCREST 
(-0.0293) (0.0410) (0.0203) 

Constant = 6.4254 
r-square = 0.53 

EXURBAN BIRD DIVERSITY INDEX (RURALDIV) 

With Percent Land Cover Variables: 

RURALDIV = - PERCNT48 + PERCNT85 + PERCNT65 - PERCNT20 
(-0.0412) (0.0210) (0.0473) (-0.0924) 

r-square = 0.54 

+ PERCNT60 - GRADIENT 
(0.0342) (-0.3402) 

Constant = 7.0615 

With Composite Land Cover Variables: 

RURALDIV = - RESIDEN + NATPVS + NATCREST 
(-0.0316) (0.0374) (0.0167) 

Constant = 4.5896 
r-square = 0.54 

With All Land Cover Variables: 

RURALDIV = - RESIDEN + NATPVS + NATCREST 
(-0.0342) (0.0353) (0.0198) 

Constant = 4.7954 
r-square = 0.56 
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The r-square values for the equations with total 

diversity, DIV, as the dependent variable are very low. 

Only about 30 % of the variation in DIV is explained by any 

of the three equations. A certain amount of this 

unexplained variance is due to the confounding effects of 

the urban and suburban birds included in the DIV index. 

The higher r-square values associated with the equations 

for NURBDIV and RURALDIV show that about 20-25 % of the 

variation in DIV is due to the contrary effects of urban 

tolerant species. 

The r-square values of 0.51 and 0.54 associated with 

the equations for NURBDIV and RURALDIV are low but not 

unusually so for sample data of this type. An examination 

of the residuals showed that assumptions of normalcy and 

linearity were not violated. Obviously there are factors 

that were not measured that might resolve some of the 

remaining 45-50 % of the unexplained variance. 

Discussion of Regression Results. Examination of the 

expected versus the observed residuals showed that the 

equations tended to underestimate the actual values in the 

middle of the range of diversities for all three indices. 

Observed diversity values may be somewhat higher than 

expected simply due to random chance. It is also quite 

likely that some factor which was not measured is 

responsible for elevating diversity values in the middle 

ranges. 
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It may be that as landscape heterogeneity increases as 

urbanization increases, a point is reached where the 

intermixture of natural and urban elements allows more 

species to be present than expected. HETEROG is a count of 

the number of different land cover types encountered on a 

plot. This variable generally increases as urbanization 

increases and ranges from a mean value of 2.2 in the 

mountain zone to 5.1 in the inner city zone (TABLE 3). 

There are significant differences in the mean HETEROG 

values between most of the zones. There is also a 

generally negative correlation between HETEROG and the 

diversity indices (TABLE 9). However, this relationship is 

not very strong and it may be that low levels of 

heterogeneity actually increase bird diversity in a small 

range. Hohtola (1978) felt that a mosaic of urban habitats 

may alleviate some of the negative impacts of urbanization 

on bird communities and that may be the effect being seen 

in these regressions. 

Another potential reason for higher than expected 

diversity in a small part of the range may be the "town 

oasis" effect described in Chapter 2. It may be that 

initial levels of urbanization introduce enough extra water 

and vegetation volume that the area becomes usable to more 

species than the associated natural upland habitats. While 

native birds were negatively associated with urbanization, 

it may be that at low levels and while natural habitats are 
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not yet limiting, that an area becomes usable to one or two 

more bird species than before. Since this study only 

measured bird presence or absence and not a stronger 

measure of habitat selection such as reproductive success, 

it is not possible to state that the higher bird diversity 

levels indicate an increased attractiveness of these 

habitats to bird species. That they may be slightly more 

usable to a wider a variety of species does not imply that 

they can replace natural habitats. 

Finally, several studies found the age of development 

to be a factor in explaining bird species diversity, as 

discussed in Chapter 2. As developments age the vegetation 

tends to mature and increase in volume making it more 

attractive to bird species. Age of development was not 

measured in this study so it is not possible to test if 

this is a factor in elevating observed diversity values. 

Avian Community Structure 

Species occurrence was listed by housing density 

classes for all species recorded (APPENDIX C). 

Coefficients of similarity were then calculated for the 

bird communities present in each class (TABLE 11). There 

was a steady decline in community similarity from natural 

sites to progressively higher housing density classes. 

This observed decline is the result of species dropping out 

at the higher housing density levels rather than the 



TABLE 11. 

HOUSING 
DENSITY 
CLASS 

0.00 

0.001-
0.333 

0.334-
1.333 

1. 334-
3.003 

3.004-
4.000 

4.001-
8.000 

8.001-
HIGHEST 

Community Similarity Coefficients by Housing Density 
Classes. 

0.001- 0.334- 1.334- 3.004- 4.001- 8.001-
0.00 0.333 1.333 3.003 4.000 8.000 HIGHEST 

RAC RAC RAC RAC RAC RAC RAC 

1. 00 

0.75 1. 00 

0.62 0.86 1.00 

0.61 0.74 0.81 1. 00 

0.44 0.62 0.68 0.74 1.00 

0.44 0.47 0.59 0.64 0.80 1.00 

0.26 0.36 0.43 0.47 0.69 0.67 1.00 

t-' 
t-' 
-..J 



addition of new species. As expected, the decline is 

caused by the loss of most of the exurban native bird 

species at the higher density levels. 
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It is interesting to note that the changes in the 

Tucson bird community parallel those reported in other 

urban areas. As discussed in Chapter 2, as urbanization 

increases, ground nesters, cavity nesters, and insectivores 

tend to decline. Seed eaters, omnivores and those species 

that can tolerate a wide range of environmental conditions 

remain. 

Mammal Distributions 

Since the survey technique relied on chance sightings 

and detection of sign such as holes, dens, scat, and 

tracks, some species were detected much more readily than 

others. Several species were abundant and their sign was 

easily detected. These species were the antelope jack 

rabbit (Lepus alIeni), black-tailed jack rabbit (Lepus 

californicus), desert cottontail (Sylvilagus audubonii), 

Harris~ antelope squirrel (Arnmospermophilus harrisii), 

round-tailed ground squirrel (Spermophilus tereticaudus), 

rock squirrel (Spermophilus variegatus), and white-throated 

woodrat (Neotoma albigula). There is a high level of 

confidence attached to the data for these species. That 

is, if no sign was found for these species at a plot, then 
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it is reasonably certain that the species is not present at 

the plot. 

Several other species were seen fairly frequently, but 

.there is no certainty that the absence of sign equals the 

absence of the species at a plot. These species were the 

coyote (Canis latrans), mule deer (Odocoileus hemionus), 

javelina (Dicotyles tajacu), bobcat (Felis rufus), and 

skunks. Other animals, such as the smaller rodents, pocket 

gophers and mice, were not detected by the method at all. 

Large Mammals. The larger mammals, such as javelina 

and mule deer, were never detected very far from large 

parcels of open space and the publicly designated wildlands 

that surround the metropolitan basin. Therefore, these 

species were detected in the mountain zone and along the 

fringes of the suburban zone. Occasionally, signs of these 

animals were near residential developments and there are 

reports of sightings several miles into the suburban zone 

from public lands (Supplee 1986). However, these locations 

are always in conjunction with large blocks of undisturbed 

natural habitat and there is no indication that mule deer 

and javelina are adapting to suburban residential 

environments. 

Lagomorphs. The three lagomorph species were found at 

almost all sites in the mountain, suburban and river zones. 

The antelope jack rabbit seems to be the most sensitive of 

the three being found only in the southern portion of the 



120 

study area in relatively undisturbed creosote habitats. 

The black-tailed jack rabbit also seemed to prefer 

relatively undisturbed blocks of open space or low density 

residential areas in conjunction with large parcels of open 

space. The desert cottontail appeared to be the most 

adaptable, being found everywhere from the undisturbed 

mountain zone to lawns in quiet corners of hospital and 

business park grounds. The most striking element of the 

cottontail distribution is the almost complete lack of 

sightings in the inner city zone. cottontails are only 

found in the inner city zone where there is at least 10 ha 

of open space, part of which must be natural habitats. 

There are two cemeteries on the outer edges of the inner 

city zone that have cottontails and which meet these 

requirements. Also it should be noted that the 

institutional and commercial grounds which had cottontails 

were always adjacent to natural habitats. 

There were several places in the inner city zone which 

appeared to be suitable habitat for cottontails but which 

did not have any cottontails. There may be several reasons 

for this. The plot may be too small, fragmented, and/or 

isolated to maintain a cottontail population. Also it may 

be that once urbanization reaches the level of the inner 

city zone that disruptive influences such as children 

playing in the open spaces and predators such as cats and 

dogs exceed the tolerance limits of cottontails. 
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Squirrels. The ground squirrels seemed to tolerate 

urbanization somewhat better than the rabbits. Being a 

smaller mammal they may have smaller area requirements for 

habitat and undisturbed natural areas. Round-tailed ground 

squirrels and rock squirrels occur in the Reid Park

Randolph Park complex in the center of the inner city zone. 

This is a large, highly modified open space that is 

isolated from other more natural habitats. The round

tailed ground squirrels were detected in the center of Reid 

Park in the midst of large expanses of lawn. 

Arroyo Chico forms a stretch of natural habitat along 

the north edge of Reid Park that may be crucial to the 

presence of rock squirrels in the area. Rock squirrels in 

the park complex were primarily found near this wash. Rock 

squirrels were also found at a plot on Arroyo Chico about 

one mile downstream from Reid Park. Stretches of this wash 

are currently channelized between these two plots but it is 

possible that the riparian corridor historically linked the 

squirrel populations. Several other small washes were 

inspected in the inner city zone for signs of ground 

squirrels without success. The Reid Park-Arroyo Chico 

complex is unique in the inner city zone and the open space 

it represents may be critical to maintaining the urban 

squirrel populations. 

Coyotes. Coyote distributions seem to follow the 

cottontail distributions. Coyotes were positively located 



122 

in the mountain, suburban and river corridor zones. They 

have also been reported and sighted in the two large 

cemeteries that still retain cottontails. It is reasonable 

that coyotes would be found in conjunction with one of 

their primary prey sources. 

However, since coyotes also tend to be omnivorous and 

opportunistic in their dietary habits there is no reason to 

suppose that they do not use the entire metropolitan area 

including the inner city zone. The impervious surfaces of 

the inner city make detection by tracks difficult. Also 

the large number of domestic dogs in the inner city confuse 

the identification of canid scats in those areas. 

Therefore, it is not possible to state conclusively that 

coyotes do not use the entire metropolitan area from the 

data collected in this study. 

Packrats. Somewhat surprisingly, packrats seem to be 

fairly intolerant of urbanization. They were primarily 

found on natural plots or in areas of very low housing 

density. Packrats are probably susceptible to predation by 

domestic animals. Their stick nests are also probably 

susceptible to the housekeeping tendencies of the average 

homeowner. 

Summary. Mammals seemed to follow a much more 

concentric pattern of distribution around the metropolitan 

center that the birds did. Overall, mammal diversity 

declined as urbanization increased. This result is 



consistent with those of other studies as reported in 

Chapter 2. Mammal species seem to be much more dependent 

on the presence of natural open space and corridors to 

large parcels of natural open space than their avian 

counterparts. 
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CHAPTER 5 

CONCLUSIONS AND MANAGEMENT IMPLICATIONS 

The Tucson metropolitan basin is still very suburban 

or even rural in character. Overall, the housing density 

is quite low (averaging less than one residential unit per 

acre (RAC)). Even in the inner city zone, residential 

housing density is low (approximately 3 RAC). Coupled with 

these low residential densities is a high level of 

intermixture between housing and natural open space. 

Average distances to open space are quite low throughout 

the study area. These factors seem to be contributing to 

the relatively high diversity of wildlife still found in 

the metropolitan basin. 

Much of the open space remaining is privately owned 

and it is not likely that it will remain undeveloped as 

Tucson continues to grow. The metropolitan environment 

will change biologically but the nature of these changes 

can be influenced by community planning policies. Now is 

the time to preserve some of these open places for the 

wildlife amenities and for other public benefits they can 

provide. Public acquisition of open land is one way to 

preserve these wildlife benefits. 

Planning Variables and Bird Species Diversity. 

Species diversity increases steadily as housing density 

declines. The fact that this effect has not been seen in 
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previous studies is probably due to study plans that used 

an incomplete range of housing densities. For example, 

Emlen (1974) found higher diversities on his natural plots, 

but he only examined one neighborhood with one housing 

density level and natural plots with no residential 

development. The findings of this study indicate that in 

order to maintain the highest possible level of species 

diversity in the metropolitan area, natural open spaces 

should be intermixed with extremely low levels of housing 

density. As housing densities increase, it should be 

recognized that species diversity will decline. This 

decline may be mitigated somewhat by minimizing the 

distance to natural open spaces. Performance standards can 

be written that require open spaces in new developments to 

be intermixed with housing such that the current urban 

structure is retained. 

An average of 74 % of the area of the 7 acre plots 

centered on a census point were covered with natural 

vegetation (APPENDIX D). In the predominantly natural 

mountain zone where bird diversities were highest, the 

plots were covered with a mean of 97 % natural vegetation. 

As urbanization increases the amount of natural open space 

and native bird species diversity decline until, in the 

inner city zone, mean percent natural cover is only 21 % 

and mean native bird species diversity is 2.6. One might 

suppose that the Tucson community would find the mean 
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native bird species diversities found in the suburban zones 

to be reasonable goals for urban wildlife managers to 

strive for. For example, the paloverde-saguaro suburban 

zone, with a mean native bird diversity of 6.4, is commonly 

perceived as an area with a wide variety of wildlife. The 

Tucson community also sees this foothills area as a 

desirable place to live and considerable development is 

occurring in this zone. Sample plots in the paloverde

saguaro zone had a mean of 77 % natural cover. 

Unfortunately this level of open space retention may not be 

economically feasible for developers. If the community 

desires a high diversity of wildlife, tradeoffs between the 

levels of wildlife and the cost of residential developments 

may have to be made. 

Given the variables measured, the amount of land 

covered with residential development and the amount of 

paloverde-saguaro vegetation types with associated riparian 

areas, were the best predictors of bird species diversity. 

It should be noted, though, that the regression equations 

only explained about half of the variance in diversity. 

This suggests that there are important factors that were 

not included in this study. Judging from the urban 

wildlife literature, the missing factors are probably 

measures of vegetation volume, diversity, or structure. 

There may also be other site specific elements that are 

important in predicting bird diversity. However, it is 



encouraging that two elements that are controllable in the 

metropolitan planning processes, the amount of residential 

development and the amount of natural open space, do so 

well at predicting bird species diversity. 

If steps are taken at the metropolitan planning 
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stages to maximize species diversity where possible, then 

more options will be retained as development occurs. The 

site planner and the homeowner will have more opportunities 

to retain or increase species diversity by working with 

site level variables such as vegetation volume and 

structure, and plant species diversity. 

The data suggest that areas of plant cover created by 

planting vegetation may not be as attractive to native bird 

species as naturally occurring vegetation. There was a 

strong negative correlation with URBYARD and a strong 

positive relationship with NATVEG. These correlations 

indicate that native birds are not as attracted to man

maintained vegetation, regardless of whether that 

vegetation is native or exotic, as they are to naturally 

occurring vegetation. This finding may occur because man

maintained landscapes tend to have lower plant species 

diversities than natural ones. Man-maintained vegetative 

cover also tends to lack shrub and escape cover which is 

important for maintaining a high diversity of wildlife. 

It is also possible that there was a negative 

correlation between man-maintained landscapes and native 
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bird diversity in this study because of the high proportion 

of exotic plants used in those landscapes. However, this 

negative correlation parallels that found by DeGraaf and 

wentworth (1986), who compared native bird diversity in 

residential areas with remnant natural forest cover and 

man-maintained residential "forest" cover with with similar 

plant species composition and structure. 

Naturally occurring, native vegetation, both riparian 

and upland types, seem to be the most important elements in 

maintaining a high diversity of native desert species. The 

recent practice of allowing developers housing density 

bonuses in exchange for the creation of artificially 

maintained vegetative cover with the assumption that they 

somehow benefit the wildlife may not be appropriate. 

Avian Community Structure. As one compares the 

species that occur along a housing density gradient from 

undeveloped plots to highly developed plots, the community 

similarity coefficient declines. In other words, as one 

compares points along the gradient that are progressively 

further apart, the number of species in common decreases. 

This decline is primarily the result of species dropping 

out at the higher housing densities rather than different 

species being added. All of the bird species present at 

the highest level of housing density are present on 

undeveloped sites. Inspection of the species that are 

retained and those that drop out as urbanization increases 
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reveals a pattern that is similar to other urban bird 

studies throughout the world. Ground nesters and 

insectivores tend to drop out while seed-eaters are 

retained. Further research needs to be directed at 

identifying ways to make urban environments more attractive 

to the ground nesting and insectivorous guilds. Increasing 

the number of species from these two guilds in urban areas 

would lead to an increase in the species diversity. 

There appear to be three very distinct patterns of 

response to urbanization among bird species; urban, 

suburban, and exurban patterns. Depending on management 

goals it may be possible to manipulate the proportion of 

each type of species in a community by managing the levels 

of urbanization and natural lands. The fact that urban 

exotic species have the same pattern of response as urban 

native species may make it virtually impossible to control 

exotic birds through metropolitan scale planning. For 

example, some people have suggested that eliminating turf 

in Tucson landscapes may reduce starling numbers. While 

this may be true, it should be recognized that such an 

action may also reduce or eliminate the native great-tailed 

grackles. Research should be directed towards finding 

species specific factors for the control of exotic birds. 

Regional Patterns. It was not expected that there 

would be significant differences in species diversity 

between the zones because urban growth does not occur in 
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neat concentric rings around the central business district. 

While there are overall differences in urbanization levels 

between the zones, each zone contains a mixture of 

urbanization levels. However, there are significant 

differences in bird diversity between the broad regional 

areas of the metropolitan basin as represented by the 

zones. These zonal differences parallel the patterns 

suggested by Dorney (1979). 

The zonal differences are most striking when total 

species diversity is compared to the exurban species 

diversity. In the inner city zone, mean total bird species 

diversity is 7.S while mean exurban species diversity is 

only 2.6. This indicates that most of the bird species 

that occur in the inner city zone are urban and suburban 

species. 

There are also striking differences in the mean 

exurban species diversity in the inner city zone (2.6) and 

the mean exurban species diversity in the largely 

undeveloped mountain zone (8.7). The inner city zone in 

Tucson is not as highly urbanized as other large urban 

centers such as New York, yet there is still a large 

decrease in the diversity of native species with the low 

levels of urbanization that do occur. Most native Sonoran 

desert birds appear to be highly sensitive to urbanization 

and it may be unrealistic to expect to be able to retain a 

high diversity of these species at housing densities over 



one residence per acre. Locations with higher than 

expected species diversities should be investigated more 

closely to identify the factors responsible for the higher 

observed species diversities. 
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Mammal species distributions seem to follow a 

concentric ring pattern around the central business 

district more so than birds. The mammals appear to be more 

sensitive to the size of open space areas and to 

fragmentation and isolation of natural lands than to other 

measures of the intensity of urbanization. At even fairly 

low levels of housing density wildlands become fragmented 

such that their value to mammal species is reduced. As the 

area of urban growth expands, the concentric rings of 

mammal occurrence will likely also expand. In managing 

urban growth for the benefit of mammal species in the outer 

rings, such as deer and javelina in Tucson, it will be 

important to ensure that critical habitats are not 

surrounded by development or reduced in size too much. 

This means that if metropolitan planning is to include a 

consideration of the wildlife species that occur on the 

fringes of the metropolitan area, it will have to include a 

consideration of the wildland resources outside of the 

urbanized area. More work needs to be done with the mammal 

species occurring in the Tucson metropolitan area to 

determine more precisely what levels of urbanization they 

will tolerate. 



Summary 

This study shows that most wildlife species are very 

sensitive to urbanization. It appears that metropolitan 

planning processes may be limited in what they can do to 

retain high levels of species diversity since even minor 

levels of housing density, the most commonly controlled 

variable, lead to dramatic declines in wildlife diversity. 

There are, however, encouraging indications that sensitive 

open space planning could reduce some of these impacts and 

may actually result in higher wildlife diversities in an 

urban area overall. 

To maximize urban residents' exposure to a variety of 

wildlife, natural open space should be interspersed with 

housing in the urban matrix. As urban residents become 

more familiar with wildlife, they may become more 

supportive of both urban and rural wildlife issues. 

Metropolitan planning should be used to retain options for 

urban wildlife management where possible to serve both a 

public that already enjoys urban wildlife and to generate 

support for a whole range of wildlife management issues. 
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APPENDIX A. 

LAND COVER VARIABLES 

Land Descriptor Variables 
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TYPE6- Nine land uses were identified as follows: Natural 

(1), Residential-single family dwellings (2), 

Residential - mobile homes (3), Residential - multi

unit (4), Commercial (5), Industrial (6), 

Institutional (7) (includes vest-pocket parks, schools 

and hospitals), Transportation (8) (primarily 

interstates), and Agriculture (9). 

DENSITY1- The housing density based on a 7 acre plot 

centered on a census point. 

DENSITY2- The housing density based on a 24.7 acre plot 

centered on the census point. 

DIST1- The distance from a census point to the nearest 

block of open space at least 2.47 acres in size. 

DIST2- The distance from a census point to the nearest 

block of open space at least 24.7 acres in size. 

TYPE1- The type of open space measured in DIST1. Values 

are as follows: 1) Natural, 2) Non-natural, 3) a 

Mixture of these two. 

TYPE2- The type of open space measured in DIST2. See TYPEl 

for values. 

DIST3- The distance from a natural census point to the 

nearest development. 



TYPE3- The type of development encountered in DIST3. See 

TYPE6 for values. 

DENSITY3- The housing density of the development 

encountered in DIST3 if that development is 

residential. 
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GRADIENT- ZONE recoded as follows: 1 = Mountain zone; 2 = 

Ironwood and Chihuahuan suburban zones; 3 = Paloverde

saguaro and Creosote suburban zones; 4 = River 

corridor zone; and 5= Inner city zone. 

HETEROG- A count of the number of different cover types 

encountered on a plot. (COUNT (PERCNTIO to PERCNT90)) 

Percent Cover Variables 

PERCNTIO- single family dwellings; includes mobile homes 

PERCNT15- other types of buildings; includes multi-unit 

housing, commercial, institutional, and industrial 

structures 

PERCNT20- roadways; paved or graded 

PERCNT25- miscellaneous paved surfaces; primarily parking 

lots, but also includes tennis courts and concrete 

ditches 

PERCNT30- industrial yards; includes scrapyards, railroad 

changing yards and warehouse storage yards 

PERCNT40- continuous exotic tree cover; generally large 

aleppo pines (Pinus halepensis) and eucalypts 



PERCNT43- urban savannah-treed; yards that have been 

completely altered from a natural state and which 

consist of more than 60 % tree cover and less than 40 

% herbaceous (eg. lawn) and/or bare dirt cover. 

Percent tree cover was measured by overlaying a dot 

grid on the aerial and counting the percentage of 

points that fell on tree cover. Points that fell on 

buildings or pavement were ignored so the remainder 

were herbaceous or dirt cover types. 

PERCNT45- urban savannah; 40 to 55 % tree cover and 45 to 

60 % grass and/or dirt cover types 
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PERCNT48- urban savannah-open; less than 30 % tree cover and 

more than 70 % grass and/or dirt cover types 

PERCNT50- herbaceous cover (primarily grasses) and/or bare 

dirt. Includes the sandy bottoms of the major rivers 

and washes (ie. Santa Cruz, Rillito, Canada del Oro, 

Pantano, and Tanque Verde). 

PERCNT60- disturbed riparian; washes that have been 

channelized but still retain sandy bottoms, or whose 

riparian vegetation has been visibly thinned and 

disturbed 

PERCNT65- undisturbed riparian; includes the sandy bottoms 

of all but the 'major' rivers and washes (see 

PERCNT50) 
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PERCNT70- disturbed creosote vegetation; visibly thinned or 

disturbed, and is most often associated with 

residences 

PERCNT75- undisturbed creosote vegetation PERCNT80-

disturbed paloverde-saguaro vegetation; most 

frequently associated with residences 

PERCNT85- undisturbed paloverde-saguaro vegetation 

PERCNT90- water features; ponds and lakes visible on the 

photos PERCTIOO- total area in a plot; there is some 

variation in this figure due to the extreme precision 

of the digitizing table used. 

Composite Land Cover Variables 

IMPERV= PERCNTlO + PERCNT15 + PERCNT20 + PERCNT25 

(impervious surfaces). 

MULTCOMM= PERCNT15 + PERCNT25 (highly urbanized elements). 

RESIDEN= PERCNTIO + PERCNT20 + PERCNT48 (residential 

development elements). 

URBYARD= PERCNT40 + PERCNT43 + PERCNT45 + PERCNT48 (urban 

savannah yards). 

NATVEG= PERCNT50 + PERCNT60 + PERCNT65 + PERCNT70 + 

PERCNT75 + PERCNT80 + PERCNT85 (natural vegetation 

cover). 

TOTVEG= PERCNT40 + PERCNT43 + PERCNT45 + PERCNT48 + 

PERCNT50 + PERCNT60 + PERCNT65 + PERCNT70 + PERCNT75 + 

PERCNT80 + PERCNT85 (total vegetation cover). 



PVS= PERCNT80 + PERCNT85 (pa1overde-saguaro vegetation 

cover). 

NATPVS= PERCNT60 + PERCNT65 + PERCNT80 + PERCNT85 

(pa1overde-saguaro vegetation cover with riparian 

vegetation cover). 

WASHES= PERCNT60 + PERCNT65 (riparian vegetation cover) 

NATCREST= PERCNT60 + PERCNT65 + PERCNT70 + PERCNT75 

(creosote vegetation cover with riparian vegetation 

cover). 

CREOSOTE= PERCNT70 + PERCNT75 (creosote vegetation cover). 
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Code 

132 

273 

293 

295 

313 

316 

319 

321 

325 

333 

335 

337 

356 

360 

375 

385 

396 

411 

414 

431 

447 

APPENDIX B. 

FREQUENCY OF SPECIES OCCURRENCE 

Common name 
(Scientific name) 

mallard 
(Anas platyrhynchos) 

killdeer 
(Charadrius vociferus) 

scaled quail 
(Callipepla squamata) 

gambe 1 ' s quai 1 
(Callipepla gambellii) 

rock dove 
(Columba livia) 

mourning dove 
(Zenaida macroura) 

white-winged dove 
(Zenaida asiatica) 

inca dove 
(Columbina inca) 

turkey vulture---
(Cathartes aura) 

cooper's hawk ---
(Accipiter cooperii) 

harris hawk 
(Parabuteo unicinctus) 

red-tailed hawk 
(Buteo jamaicensis) 

peregrine falcon 
(Falco peregrinus) 

american kestrel 
(Falco sparverius) 

great horned owl 
(Bubo virginianus) 

greater roadrunner 
(Geococcyx californianus) 

ladder-backed woodpecker 
(Picoides scalaris) 

gila woodpecker 
(Melanerpes uropygialis) 

northern flicker 
(Colaptes auratus) 

hummingbird species 

western kingbird 
(Tyrannus verticalis) 

Frequency Percent 

1 0.3 

7 2.3 

2 0.7 

181 60.1 

22 7.3 

192 63.8 

179 59.5 

61 20.3 

3 1.0 

1 0.3 

2 0.7 

5 1.7 

1 0.3 

3 1.0 

2 0.7 

18 6.0 

4 1.3 

177 58.8 

83 27.6 

19 6.3 

35 11.6 
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448 

453 

454 

457 

471 

474 

487 

493 

495 

496 

498 

501 

505 

508 

512 

519 

530 

552 

554 

562 

573 

579 

580 

591 

593 

cassin's kingbird 
(Tyrannus vociferans) 

brown-crested flycatcher 
(Myiarchus tyrannulus) 

ash-throated flycatcher 
(Myiarchus cinerascens) 

say's phoebe 
(Sayornis saya) 

vermilion flycatcher 
(Pyrocephalus rubinus) 

horned lark 
(Eremophila alpestris) 

chihauhuan raven 
(Corvus cryptoleucus) 

european starling 
(Sturnus vulgaris) 

brown-headed cowbird 
(Molothrus ater) 

bronzed cowbir-d---
(Molothrus aeneus) 

red-winged blackbird 
(Agelaius phoeniceus) 

western meadowlark 
(Sturnella neglecta) 

hooded oriole 
(Icterus cucullatus) 

northern oriole 
(Icterus galbula) 

great-tailed grackle 
(Quiscalus mexicanus) 

house finch 
(Carpodacus mexicanus) 

lesser goldfinch 
(Carduelis psaltria) 

lark sparrow 
(Chondestes grammacus) 

white-crowned sparrow 
(Zonotrichia leucophrys) 

brewer's sparrow 
(Spizella breweri) 

black-throated sparrow 
(Amphispiza bilineata) 

rufous-winged sparrow 
(Aimophila carpalis) 

rufous-crowned sparrow 
(.Aimophila ruficeps) 

brown towhee 
(Pipilo fuscus) 

northern cardinal 
(Cardinalis cardinalis) 

8 

29 

58 

1 

3 

8 

20 

77 

48 

7 

5 

1 

2 

1 

47 

212 

11 

1 

7 

3 

80 

2 

1 

49 

60 

2.7 

9.6 

19.3 

0.3 

1.0 

2.7 

6.6 

25.6 

15.9 

2.3 

1.7 

0.3 

0.7 

0.3 

15.6 

70.4 

3.7 

0.3 

2.3 

1.0 

26.6 

0.7 

0.3 

16.3 

19.9 
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594 

597 

607 

611 

612 

615 

617 

620 

622 

633 

643 

656 

703 

707 

708 

713 

717 

719 

746 

752 

815 

820 

825 

830 

pyrrhuloxia 
(Cardinalis sinuatus) 

blue grosbeak 
(Guiraca caerulea) 

western tanager 
(Piranga ludoviciana) 

purple martin 
(Progne subis) 

cliff swallow 
(Hirundo pyrrhonota) 

violet green swallow 
(Tachycineta thalassina) 

northern rough-winged swallow 
(Stelgidopteryx serripennis) 

phainopepla 
(Phainopepla nitens) 

loggerhead shrike 
(Lanius ludovicianus) 

bell's vireo 
(Vireo bellii) 

lucy's warbler 
(Vermivora luciae) 

yellow-rumped warbler 
(Dendroica cornoata) 

northern mockingbird 
(Mimus polyglottos) 

curve-billed thrasher 
(Toxostoma curvirostre) 

bendire's thrasher 
(Toxostoma bendirei) 

cactus wren 
(Campylorhynchus 

brunneicapillus) 
canyon wren 

(Catherpes mexicanus) 
bewick's wren 

(Thryomanes bewickii) 
verdin 

(Auriparus flaviceps) 
black-tailed gnatcatcher 

(Polioptila melanura) 
house sparrow 

(Passer domesticus) 
domestic duck 

domestic geese 

domestic chickens 

49 

1 

1 

6 

1 

3 

5 

22 

2 

2 

12 

4 

96 

175 

1 

249 

11 

13 

172 

49 

114 
3 

2 

27 

16.3 

0.3 

0.3 

2.0 

0.3 

1.0 

1.7 

7.3 

0.7 

0.7 

4.0 

1.3 

31.9 

58.1 

0.3 

82.7 

3.7 

4.3 

57.1 

16.3 

37.9 
1.0 

0.7 

9.0 

140 
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APPENDIX C. SPECIES OCCURRENCE BY HOUSING DENSITY CLASS 

HOUSING DENSITY CLASS 
0.001- 0.334- 1. 334- 3.004- 4. 001- 8.001-

SPECIES 0.00 0.333 1. 333 3.003 4.000 8.000 HIGHEST 
CODE RAC RAC RAC RAC RAC RAe RAC 

273 "''''''' "''''''' 293 *"'* "'** 
295 'It"'''' "'''''It "''''* "''''''' *"'''' "''''* 313 *** "'** **'" *"'''' "''''''' 316 **'" *** "''''* "'** "''''* *"'* *"'* 
319 *"'''' *** **'" *** *** "'*'" "'** 
321 "''''''' "''''''' *"'* "'** "''''* *"'* *"'* 
325 *** 
333 "''''''' 
335 'It** *** 
337 *"'* 
356 *"'''' 
360 *** 
375 **'" 
385 "''''* *"'* * 'It * 
396 "''''''' 411 "''''''' *"'''' *"'''' "''''''' "''''* **'" 
414 *"'* *** "''''* **'" "'** 
431 :Ir** 'It"'* *"'''' *"'* "''It* *"'''' 
447 "''''''' *"'''' "''''''' "'** "'** 
448 *"'''' *"'''' 
453 *"'* *** **'" 
454 *** "''''* *** **'" 
457 **'" 
471 **'" "'** 
474 **'" 
467 *** *** 
493 "''''* *** *** "'*'" "'** "''''* *** 
495 *** **'" "'** 
496 *"'* *** *"'* 
498 *"'* 
501 "''''* 
505 *** "''It * 
506 *** 
512 "'** "''''''' *** "''''* "'** *"'* "''''''' 519 *** *** **'" **'" *** *** "''''* 
530 *"'* *"'* **'" *"'* 
552 "'*'" 
554 *** *** *** 
562 *** **'" 
573 *** "''''* *** "'** 
579 'It** *** 
580 *** 
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APPENDIX C. continued. 

HOUSING DENSITY CLASS 
0.001- 0.334- 1. 334- 3.004- 4.001- 8.001-

SPECIES 0.00 0.333 1. 333 3.003 4.000 8.000 HIGHEST 
CODE RAC RAC RAC RAC RAC RAC RAC 

591 **'" "''''''' "''''''' "''''''' 593 *** *** *** *"'* *** 
594 *** *** *** *** 
597 *** 
607 *"'* 
611 *** 
612 *** 
615 *** *** 
617 *** *** 
620 *** *** **'" 
622 *** 
633 *** 
643 *** *** *** 
656 *** *** 
703 *** *** *** *** *** *** 
707 *** *** *** *** *** *** *** 
706 *** 
713 *** *** *** *** *** *** *** 
717 *** 
719 *** *** *** 
746 *** *** *** *** *** *** 
752 *** *** *** *** 
615 *"'* *** *** *** *** *** *** 

a - see Appendix B for species codes 



APPENDIX D. PERCENT OCCURRENCE OF SELECTED LAND COVER 
CHARACTERISTICS BY STUDY AREA AND ZONE 

~ 

LAND COVER TOTAL INNER RIVER IRONWOOD PALOVERDK CREOSOTE CBIHUAHUAN MOUNTAIN 
VARIABLE§ IiZIOD! AREA eIn CORRIDOR SUBURBAN SAGUARO SUBURBAN SUBURBAN 

PVS 34.7 % 3.2 6.9 70.8 54.4 18.9 9.6 89.3 

NATPVS 42.3 5.1 26.7 79.6 61. 2 26.2 18.2 94.3 

WASHES 7.5 1.9 19.9 8.8 6.7 7.3 8.5 5.0 

NATCREST 26.3 6.7 32.6 8.8 14.3 59.3 75.5 5.0 

CREOSOTE 18.7 4.9 12.7 0.0 7.6 52.0 67.0 0.0 

I MPERV 13.0 34.7 6.9 7.9 13.7 5.0 6.9 3.0 

MULTCOMM 2.9 11.0 0.9 1.3 1.8 0.8 0.0 0.4 

RESIDEN 19.4 56.1 16.4 9.3 17.8 6.5 7.4 2.5 

URBYARD 12.2 40.1 16.8 2.7 9.2 1.9 1.4 0.0 

NATVEG 73.6 21. 2 75.5 89.4 77.1 91. 0 91. 8 96.9 

TOTVEG 85.7 61. 3 9r, r) ......... 92.1 86.3 92.8 93.2 96.9 

...... 
0/:::. 
Lv 
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