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ABSTRACT 

 
 
 My doctoral research focused on birds in the urban environment of Tucson, 

Arizona.  Urban environments present unique challenges and opportunities for ecological 

research and conservation, and my work illustrates these aspects.  From 2003-2008, I 

coordinated the Tucson Bird Count (TBC), a citywide bird survey program conducted by 

volunteer birders. My work with the TBC suggests that citizen-scientists may represent a 

valuable resource for ecologists because they can collect data over large scales and/or 

time periods.  However, the environmental changes induced by humans in urban areas 

can also have significant negative impacts on native wildlife.  My research indicates that 

for many native bird species, these impacts can be reduced through the actions of 

individual homeowners, neighborhood groups, and city and regional planners and 

managers.  In working to maintain these species, it is important to consider both the 

specific habitat features important for each species, as well as the scale at which the 

species respond to these features. 
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CHAPTER 1: INTRODUCTION 

The volume, composition, and diversity of vegetation and patterns of land-use in 

urban areas influence the diversity, composition, and abundance of birds (Emlen 1974, 

Lancaster and Rees 1979, Beissinger and Osborne 1982, Tweit and Tweit 1986, 

Rosenberg et al. 1987, Mills et al. 1989, Blair 1996, and Germaine et al. 1998).  

However, vegetative features and the degree of urbanization influence different bird 

species in different ways (Tweit and Tweit 1986) and environmental factors largely 

controlled by humans can be important in determining whether native bird species persist 

in urbanized environments (Turner 2003).   

Some of the seminal research on birds in urban environments was done in Tucson, 

Arizona (Emlen 1974, Tweit and Tweit 1986, Mills et al. 1989, Germaine et al. 1998), 

and this pattern has continued with the establishment of the Tucson Bird Count  in 2001 

(Turner 2003).  The TBC is an ongoing project, based on citizen science, designed to 

assess the distribution and abundances of birds throughout the Tucson area in order to 

help determine which land use practices sustain native birds, and how different species 

respond to urbanization (www.tucsonbirds.org).  I have served as coordinator of the TBC 

for 6 years (2003-2008), and 2 of the papers included here relate to the development and 

values of citizen-based projects. 

 Information collected through the TBC provides insights about the broad-scale 

patterns of bird abundance across Tucson.  However, I was also interested in examining 

the importance of human-influenced habitat features at smaller scales, such as individual 
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properties and neighborhoods, in order to develop specific, practical recommendations 

that homeowners and neighborhood groups (or developers of master-planned 

communities) could implement to encourage native birds.  Building on work that has 

established the importance of considering scale in ecological studies (Weins 1989, 

Holling 1992, Levin 1992), and the influence of scale on bird species in urban 

environments (i.e., Hostetler and Holling 2000, Clergeau et al. 2001, Melles et al. 2003, 

Daniels and Kirkpatrick 2006, and Turner 2006), I conducted an in-depth study of ten 

bird species and habitat features at two scales.   The main purpose of the study was to 

identify the human-controlled features that were most important to each species, and the 

spatial scale (individual property or neighborhood) at which each species was responding. 

 Hummingbirds are a group of species that has responded strongly and in complex 

ways to human-influenced habitat changes.  For example, hummingbirds are attracted to 

both artificial feeders and the nectar-producing plants that many people incorporate into 

their landscapes and, as a result, some species of hummingbirds have increased in 

abundance and expanded their geographic ranges (Wethington and Russell 2003, French 

et al. 2005).  However, hummingbirds’ use of artificial feeders can lead to a reduction in 

the frequency of their visits to flowering plants for which they are the principal 

pollinators (Inouye et al. 1991, Schuchmann 1999). Thus, artificial feeders could 

potentially uncouple a relationship between pollinator and plants that has been finely 

tuned by natural selection.  As part of my research, I studied the tradeoff between 

hummingbirds’ use of feeders and flowers in an urban park. While the results of this 
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study have scientific significance, they are also useful to members of the public interested 

in attracting hummingbirds to their yards.   

Explanation of dissertation format  

 The dissertation research presented here examines the relationships between birds and 

human-influenced habitat features in an urban environment, as well as describing new 

approaches for studying urban birds.  All four appendices represent work that I conducted 

and papers that I produced as part of my doctoral work. The research presented in Appendix 

A was done in conjunction with my committee and graduate advisor.  For Appendixes B and 

C, my co-authors made substantial intellectual contributions to the projects and papers.  

Appendix D represents a paper that I conceived of and produced primarily on my own.   
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CHAPTER 2: PRESENT STUDY 
 

The methods, results, and conclusions of the studies conducted as part of my doctoral 

research are presented in the papers appended to this dissertation.  The following is a 

summary of the most important findings in these documents. 

Appendix A. “Birds and habitat features in residential developments: an issue of 

scale,” examines the relationship between 10 native bird species and a suite of human-

influenced habitat features at two scales: individual properties and neighborhoods.  Three 

species responded most strongly to factors at the individual property scale, two species 

were more influenced by features at the neighborhood level, and the remaining five 

species were associated with features at both scales.  The results suggest that the actions 

of individual homeowners can significantly increase the likelihood of certain native 

species persisting in an urban environment, but cooperative efforts between 

neighborhood residents may be required to enhance habitat for other species that respond 

to habitat features at broader scales. 

Appendix B. “How the presence of feeders affects the use of local floral 

resources by hummingbirds: a case study from southern Arizona,” was published in The 

Condor in December 2008.  In this study, we examined how the presence of feeders 

impacted hummingbirds’ use of flowers, and found that in times of high floral 

abundance, hummingbirds were less likely to use feeders, and vice-versa.  Hummingbirds 
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also showed a marked preference for certain types of flowers, including members of the 

Salvia genus and Baja Fairy Duster.   

 Appendix C. “A new approach to urban bird monitoring: results and lessons 

learned from the Tucson Bird Count,” has been submitted to Studies in Avian Biology, 

and is currently in review.  In this paper, we describe the set-up, design, and 

complementary nature of the TBC’s two programs (the annual, citywide count and 

quarterly site-specific monitoring).  We discuss how the TBC data has already been used 

in research studies, to develop planning strategies, and to inform local conservation 

initiatives, as well as other potential future uses for the data.  To assess the TBC’s ability 

to gather useful monitoring data, we compare the TBC results to those from the Tucson-

area Christmas Bird Count run by the National Aububon Society, and find that the TBC’s 

design allows for the collection of important distribution and abundance data for local 

birds at both broad and fine scales on an ongoing basis.  An analysis of the relationship 

between the distribution of Abert’s Towhee (Pipilo aberti) and riparian areas indicated 

that the presence of larger washes and riparian vegetation is very important for this 

species, and that Abert’s Towhees can persist even in heavily urbanized areas if these 

habitats are preserved.  Finally, we discuss the TBC’s ability to serve as a model for other 

urban monitoring programs. 

 Appendix D. “Using citizen science in urban bird studies,” was published in 

Urban Habitats in December 2005.  This paper describes the trade-offs of using 

volunteer citizen scientists to collect data for long-term and/or large scale ecological 

monitoring projects.  While citizen science based projects must be carefully designed and 
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implemented to ensure that the data collected is sufficiently rigorous for scientific use, 

citizen scientists can gather large amounts of data both efficiently and economically.  

Furthermore, by involving volunteers in monitoring projects that have local relevance, 

such projects can serve as educational opportunities for local residents and may foster an 

increased appreciation for the resources being monitored.  Urban and developing areas, 

with their large pools of potential volunteers and complex environmental challenges, are 

now the setting for many citizen science based programs, such as The Tucson Bird Count 

(TBC).  Using the TBC as an example, I review the key factors in establishing and 

maintaining a successful citizen science program, such as a program design that balances 

data needs with volunteer interest and ongoing communication with volunteers about the 

program and its outcomes. 
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APPENDIX A: BIRDS AND HABITAT FEATURES IN RESIDENTIAL 

DEVELOPMENTS: AN ISSUE OF SCALE 

 

Abstract 

Urban development can affect native bird species in many ways because human-

influenced changes in the environment often result in alterations to multiple elements of 

their habitats.  Although some species thrive in response to urbanization, many native 

species decline due to degradation in the quantity and quality of their habitats.  How an 

individual species is affected by these changes depends on both the specific habitat 

features they require as well as the scale at which they respond to habitat changes. I 

studied the relationships between ten native bird species and a suite of human-influenced 

habitat features at two scales, individual properties and neighborhoods, to determine 

which factors and scales were most important to each species.  At the smaller scale, the 

number of thorn trees, which act as a mid-story shrub layer, were important for many 

species, whereas the amount of open space was positively associated with many species 

at the larger scale.  Three species (Cactus Wren (Campylorhynchus brunneicapillus), 

Curve-billed Thrasher (Toxostoma curvirostre), and Phainopepla (Phainopepla nitens)) 

were most strongly influenced by local scale habitat features, and two (Ash-throated 

Flycatchers ((Myiarchus cinerascens) and Lesser Goldfinch (Carduelis psaltria)) by 

landscape scale features.  The remaining five species were influenced by habitat features 

at both scales, and showed strong cross-scale interactions.   My results demonstrate that 

the actions of individual homeowners can have a significant impact on sustaining 
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populations of some native species, but other species will require a broader scale 

approaches involving neighborhood groups and city managers.    

 
 
Introduction 

The distribution and abundance of birds in urban landscapes are determined 

primarily by the level of development and the volume, composition, and diversity of 

vegetation (Chase and Walsh 2006).  These structural and vegetative features are largely 

human-controlled; therefore, whether native bird species persist in urban environments 

depends, in part, on the decisions and actions of city planners and landowners.  Although 

urban areas tend to have less diverse assemblages of bird species than adjacent natural 

areas (Gavareski 1976, Beissinger and Osborne 1982, Cam et al. 2000), some types of 

development support more native species than others (Mills et al. 1989, Germaine et al. 

1998, Donnelly and Marzluff 2006).  For example, the vegetation and moderate levels of 

development associated with low-density residential areas often support higher densities 

of some native species than other types of urban land use, including undisturbed sites 

(Rosenberg 1987, Blair 1996, McKinney 2002).    

Although most broad-scale patterns of bird abundance and distribution in urban 

areas are well defined, many of the underlying relationships among individual species 

and human-influenced habitat features are not understood.  Considerations of scale are 

important in any ecosystem, but the highly heterogeneous and disturbed nature of urban 

landscapes suggests that scale may be especially important within these areas, 

particularly from a management perspective (Hostetler and Holling 2000, White et al. 
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2005, Donnelly and Marzluff 2006).  For example, the patterns and processes important 

at one scale in the urban landscape may not accurately reflect what is important at other 

scales because species responses to habitat features tend to be scale dependent  (Bolger et 

al. 1997, Cam et al. 2000, Hostetler and Holling 2000, Melles et al. 2003).   

The relative importance of habitat features in determining the composition of bird 

communities in urban areas varies at different scales (Daniels and Kirkpatrick 2006).  In 

some situations, local features, such as the trees and shrubs in individual yards, are more 

important in determining species richness than surrounding landscape attributes 

(Clergeau et al. 2001, Daniels and Kirkpatrick 2006), whereas in other cases broader 

scale factors largely determine species composition (Chamberlain et al. 2004, Betts et al. 

2007). Some of this variation may be attributable to the confounding influences of human 

activity (Holling 1992), but it seems likely that the relative importance of local versus 

landscape attributes is species dependent. 

Determining the scale, and relevant features within that scale, to which individual 

species respond is crucial to the development of efficient management and conservation 

guidelines for urban areas (Hostetler 1999).  Urban areas present a challenge for 

conservation because the majority of the land is privately owned, suggesting that 

successful initiatives will require the involvement of individual homeowners, 

neighborhood groups, land managers, and city planners depending on the scale of the 

conservation activity (Hostetler and Holling 2000, Donnelly and Marzluff 2006, Clergeau 

et al. 2006).  To be most effective, any conservation actions undertaken must address the 
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habitat requirements of individual species at the scale to which they respond (Clergeau et 

al. 2001, Rosenzweig 2003, Turner 2006).    

I examined the relationships between a suite of 10 native bird species and local 

and landscape level habitat features in a residential urban environment to identify 

potential scale-specific conservation recommendations.  The sizes of the scales were 

selected to represent functional management levels (Clergeau et al. 2006), with the local 

scale representing an average residential property and the landscape scale representing a 

neighborhood or planned development.  Habitat features measured at each scale were 

selected, in part, on their potential to be manipulated for conservation.  

 

Methods 

Study Design 

I conducted my study in the Tucson metropolitan area (population approximately 

1,000,000 people in 2007; Pima Association of Governments 2008) located in southern 

Arizona.  The study area was bounded on the north by Rancho Vistoso Blvd., on the 

south by Valencia Rd., and on the west and east by Saguaro National Park (Figure 1).  

Tucson is situated in the Sonoran desert, and native vegetation in the area is generally 

upland Sonoran desertscrub (Brown and Lowe 1980), with riparian vegetation along 

washes (i.e., ephemeral waterways).   In many areas of the city, non-native trees such as 

eucalyptus (Eucalyptus spp.), Allepo pines (Pinus halepensis), and palm trees 

predominate, and ornamental shrubs are commonly used in landscaping. 
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Study Species 

I selected native species to investigate based on two criteria: 1) they were 

sufficiently abundant to allow for analyses of their patterns of distribution; and 2) they 

resided in low-density residential areas or open space within the urban environment.  I 

used information from the Tucson Bird Count (TBC), a city-wide annual bird survey 

(Turner 2003), to identify species that met these criteria. Fifteen native bird species were 

relatively abundant in the urban environment of Tucson (i.e., occurred at >10% of the 

TBC survey sites), and 10 of these were associated with low-density residential areas or 

open space. Species selected were Ash-throated Flycatcher (Myiarchus cinerascens), 

Cactus Wren (Campylorhynchus brunneicapillus), Curve-billed Thrasher (Toxostoma 

curvirostre), Gambel’s Quail (Callipepla gambelii), Gila Woodpecker (Melanerpes 

uropygialis), Lesser Goldfinch (Carduelis psaltria), Northern Cardinal (Cardinalis 

cardinalis), Phainopepla (Phainopepla nitens), Pyrrhuloxia (Cardinalis sinuatus), and 

Verdin (Auriparus flaviceps). 

  

Bird Surveys 

I used a GIS-based zoning map (Pima County Department of Transportation 

2005) to randomly select a subset of 300 sites in residentially-zoned areas from survey 

locations established by the Tucson Bird Count.  TBC sites are distributed city-wide, with 

one site randomly located in each 1 km2, resulting in survey locations throughout the 

metropolitan area (see Turner 2003).  Of the 300 sites selected, I surveyed birds at 245 of 
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them.  I eliminated 55 sites from the study because they were not accessible or because 

they were being used for non-residential purposes (such as businesses, parks, etc.).   

At each site, I used a standard 5-minute point count protocol (Blondel et al. 1981, 

Hutto et al. 1986) to survey 10 native species of birds.  I surveyed birds at each site four 

times between 15 March and 15 June, and during each survey I recorded all individuals 

of the 10 species of interest seen or heard within 40 m of the survey point.  I used a laser 

range finder to delineate the 40 m radius around each survey point and to estimate 

distances to birds.  Birds at each site were surveyed during only one of the three years of 

the study (2004-2006). Surveys were conducted at 82 points in 2004, 86 points in 2005, 

and 77 points in 2006.  I conducted the surveys between sunrise and 3 h after sunrise.  I 

did not conduct surveys during periods when winds exceeded a gentle breeze (3 on the 

Beaufort scale) or during precipitation. 

 

Local Habitat Features  

 I used a 0.5-ha circular plot (40 m radius), centered on each survey site, to 

delineate the area in which I measured local habitat features.  This area is smaller than 

has been used in most other urban bird studies (e.g., Bolger et al. 1997, Clergeau et al. 

1998, Melles et al. 2003, Turner 2006), but was chosen to represent the size of a typical 

residential lot in urban Tucson.  The features I measured were based primarily on a 

literature review of the habitat requirements of the 10 species of interest (Table 1).  

I used an extendable pole, marked in meters, to determine the number of mesquite 

(Prosopis spp.) and palo verde (Parkinsonia spp.) trees over 3 m, thorn trees (native 
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Acacia spp., Olneya tesota, Celtis pallida, etc.) over 2 m, palm (Phoenix and 

Washingtonia spp.)trees over 5 m, cholla cacti (Cylindropuntia spp.) over 1 m, saguaro 

cacti (Carnegiea gigantea) over 2 m, and roost trees (i.e., any trees used by Gambel’s 

Quail and Gila Woodpeckers as overnight roosts or daytime perches) over 5 m, present in 

each plot.  I counted the number of homes and estimated the percent of plants in each plot 

that were native. I also noted whether desert mistletoe (Phoradendron californicum), a 

hemiparasitic shrub often found in desert trees, was present.  The presence/absence of a 

desert wash within the plot was determined by reviewing of a GIS coverage of washes in 

the study area (Pima County Department of Transportation 2005), and then confirmed 

through on-site surveys.   

 

Landscape Habitat Features   

I measured a suite of landscape-level habitat variables within a 50-ha plot (399 m 

radius) centered on each survey site.  This area was selected to represent the extent of a 

neighborhood or master-planned development, and the features measured in it were based 

on knowledge of the habitat requirements of the 10 bird species as well as the potential of 

the features to be manipulated for conservation and management purposes (Table 1).   

I used digitized aerial photographs (0.15 m resolution) of the study area taken in 

2005 to calculate several habitat measures within each plot: percent of area covered by 

open space, percent of area covered by lawn, number of washes present, and whether a 

contiguous block of natural area representing more than 10% (5 ha) of the area was 

present.  I defined open space as any undeveloped land, including parks, natural areas, 
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and golf courses, and natural areas as patches of undisturbed land (primarily desert with 

some riparian areas).  To determine the percent of area covered by open space, natural 

areas, and lawn, I overlaid a grid (Hawth's Analysis Tools for ESRI's ArcGIS v.3) of 40 

m2 squares on the aerial photographs in ArcMap 9.2 (ESRI  2006), counted the number of 

blocks containing each land-use type, and then divided by the total number of blocks per 

circle.  I counted blocks as open space, natural, or lawn if more than 75% of the block 

was covered by that type of land use.  Blocks containing natural area were considered 

contiguous only if they shared a border, and not if they were only touching on the 

diagonal corners of two cells.  I determined the number of washes present within each 

plot by overlaying a GIS coverage of washes in the study area on the aerial photographs 

and counting the number present within the circle. 

 

Data Analyses 

 For this study, I counted a species as present if it was found at a survey site during 

any of the 4 visits. I tested for annual differences by modeling the abundance of each 

species in response to year.  Differences among years explained only a minimal amount 

of the variation (P > 0.10) for all species, indicating that there was no evidence for a year 

effect for any of the 10 species studied.  To determine which variables were significant at 

each scale in explaining a species’ presence/absence at a site, I first used a mixed 

stepwise procedure in JMP Version 7.0.1 (SAS Institute 2007) to exclude non-significant 

(P > 0.05) variables. For the local scale analyses, only the subset of potential explanatory 

factors relevant to a given species was considered (Table 1).  At the landscape scale, I 
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assumed that each of the potential explanatory factors could influence each species and 

considered all 4 for all species.  Because of strong correlations (r ≥ 0.70, P ≤ 0.05) 

between some pairs of variables originally considered for analyses, I excluded one 

member of the highly correlated pairs.  From the local scale, the number of saguaro 

cavities and the number of saguaro were highly correlated, as were the individual 

numbers of mesquite and palo verde with the combined number of mesquite and palo 

verde, so I excluded the number of cavities and individual numbers of mesquite and palo 

verde (Table 1).   With the exception of HOMES, WASH#, and the binomial variables, 

all other explanatory variables were transformed with natural log transformations to 

correct for skewed distributions. 

  I entered the reduced set of variables (i.e., those found to be significant in the 

mixed stepwise procedure) into a generalized linear model (GLM) to describe the relative 

importance of the features associated with the presence/absence of each of the 10 species 

at both scales.  In this analysis, I used the logistic (0:absent, 1:present at a site) as the link 

function and binomial as the error distribution (McCullagh and Nelder 1989).  I used a 

variance decomposition approach to separate the influence of explanatory variables at 

both scales and reduce the confounding impact of cross-scale collinearity (Lawler and 

Edwards 2006, Fletcher and Hutto 2008). While the regression analyses indicated which 

habitat features were most important to each species at both the local and landscape 

scales, the variance decomposition analyses partitioned the explained variation among the 

two scales to determine whether a species was most influenced by features at the local or 

landscape scale, or a combination of both scales (Cushman and McGarigal 2002).   
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Results 
 

Of the 10 species of interest, an average of 5.5 were found at each survey site 

(95% CI 5.08 to 5.98), with Gila Woodpeckers being the most widespread (present at 

87.8% of sites) and Ash-throated Flycatchers least widespread (present at 21.6% of sites).  

The average variation explained was 31.9% (95% CI 25.7% to 38.2%), with Gambel’s 

Quail having the highest percentage of variation explained (46.6%) and Northern 

Cardinal the least (18.4%; Table 2).   

At the local scale, the presence of native plants was important to most species, 

and the number of thorn trees, cholla cacti, mesquite and palo verde trees, and overall 

amount of native vegetation were each included in the logistic regression model for more 

than one species (Table 2).  At the landscape scale, the amount of open space was 

positively associated with the presence of six of the species I studied and the number of 

washes with four of the species, whereas the amount of lawn was negatively associated 

with the presence of three species.   

Across all species, 65.4% of the explained variation (95% CI 51.1% to 79.6%) 

was associated with factors at just the local or landscape scales; the remainder of the 

variation explained was due to shared associations across scales.  Of the species I studied, 

three (Cactus Wren, Curve-billed Thrasher, and Phainopepla), were most strongly 

influenced by local scale habitat features, two (Ash-throated Flycatchers and Lesser 

Goldfinch) by landscape scale features, and the remaining five species by shared 

associations across scales (Table 3).  



   

 

26

Cactus Wrens exemplify a species with strong local-scale habitat associations, 

with cholla cacti explaining a significant amount of variation in whether the species 

occurred at a site.  The presence of a few cholla (1 to 3) corresponded to more than a 

100% increase in the likelihood of a Cactus Wren being detected at a site, and at sites 

with more cholla (>4), the chances of encountering a Cactus Wren were more than 80%, 

independent of housing density and other habitat features measured (Figure 2). 

Ash-throated Flycatchers, in contrast, represent a species more strongly associated 

with a landscape-scale feature, with approximately 42% of the variation observed in their 

occurrence among sites explained by the number of washes present at the landscape scale 

(Figure 3).  For five species, the amount of variation explained by shared associations 

across scales was higher than for either the local or landscape scales alone (Table 3).   

  

Discussion 

Influence of Scale 

 The importance of habitat features in accounting for the presence of the species I 

studied varied by species and scale.  Furthermore, cross-scale interactions accounted for 

about a third of the explained variation in species occurrence in my study, a value similar 

to that found in other investigations of avian habitat selection and scale (Cushman and 

McGarigal 2004, Lawler and Edwards 2006, Fletcher and Hutto 2008).  Species-specific 

responses to habitat features at different scales, or a mix of scales, support the utility of 

examining habitat selection at multiple scales.  
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Habitat features that were significant at each scale varied according to the 

requirements of each species, but in general, species at the local scale were strongly 

associated with native plants, particularly the number of thorn trees present at a site. In 

arid environments such as Tucson, thorn trees provide the mid-story shrub layer that is 

often missing from residential landscapes dominated by trees, flowering plants, and 

ground cover (Sandström et al. 2006).  This mid-story, shrub layer provides cover and 

nesting sites for many bird species (Daniels and Kirkpatrick 2006), and is perhaps a good 

indicator of the overall habitat quality of a site because it combines the values associated 

with native plants and structural diversity.    

Other features that were found to be important at the local scale were species 

specific.  For example, the presence of Phainopeplas was strongly influenced by the 

presence of desert mistletoe, a plant Phainopeplas depend on for food, water, and nesting 

sites (Chu and Walshberg 1999).  Similarly, the likelihood of Gila Woodpeckers being 

present at a site was influenced by the number of saguaro cacti, and the presence of 

Cactus Wrens and Curve-billed Thrashers was influenced by the number of cholla cacti.  

All three of these bird species use cacti as substrate for nesting (Anderson and Anderson 

1973, Tweit 1996, Edwards and Schnell 2000).    

At the landscape scale, I speculate that the number of washes present was 

associated with several species because of the influence of riparian vegetation, including 

tall trees and thick scrub. Many species, such as the Ash-throated Flycatcher, prefer 

riparian zones, as the increased volume and diverse structure of the vegetation found in 

these areas can provide additional nesting and foraging opportunities (Rosenberg et al. 
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1987, Mills et al. 1989, Cardiff and Dittmann 2002).  The negative association of Gila 

Woodpeckers, Pyrrhuloxia, and Verdin with the amount of lawn present at the landscape 

scale is likely an indirect reflection of the importance of native vegetation to these 

species, as the planting of a lawn typically involves the removal of established native 

plants.  Each of these species was associated with the presence of either specific native 

plants (saguaro cacti for Gila Woodpeckers, thorn trees and mesquite and palo verde trees 

for Verdin) or native vegetation in general (Pyrrhuloxia and Verdin) at the local scale. 

Surprisingly, the presence of a large, contiguous block of natural area within the 

study plot was not associated with the occurrence of any of the species I studied, 

suggesting that open space, whether natural or not, and washes, coupled with vegetative 

features on the local scale, are sufficient to maintain populations of these species within 

urban areas.  However, for species more sensitive to human development (e.g. Bell’s 

Vireo (Vireo bellii) and Black-throated Sparrow (Amphispiza bilineata); Turner 2003), 

large patches of undisturbed natural habitat are likely essential. 

 

Management Implications 

 For species that were found to respond strongly to local-scale habitat features, the 

actions of individual homeowners can have a significant impact on the odds of the 

species persisting in an urban area.    For example, the planting (or maintaining) of cholla 

cacti by individual homeowners can greatly increase the chances of Cactus Wrens and 

Curve-billed Thrashers persisting in an urban environment, despite their known 

preference for natural areas (Emlen 1974, Mills et al. 1989).  Given the preference of the 
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species studied for native vegetation, homeowners can also attract native birds by 

planting additional native plants, including mesquite and palo verdes and thorn trees.  

From a homeowner’s perspective, cholla cacti, mesquite, palo verde, and thorn trees not 

only serve to maintain native bird species, but also are easy plants to incorporate into a 

landscape as they are xeric and require little maintenance.  

 For species that are more influenced by factors at the landscape-scale, 

conservation initiatives need to cover larger areas to be effective.  In many urban areas, 

most new residential construction consists largely of developments with many homes 

constructed simultaneously and landscaped similarly.  Although these developments can 

have deleterious environmental impacts, they also represent a potential conservation 

opportunity for species that respond to features at the landscape scale (Donnelly and 

Marzluff 2006).  For example, some neighborhood associations and developments have 

banned lawns, and promote the use of native vegetation for landscaping (Sully 2002).  

Such actions likely benefit not only the species of birds that respond negatively to the 

presence of lawn, but those species which rely on native plants for nesting and food, as 

well as having other positive environmental impacts such as water conservation. 

The number of washes present at the landscape-scale also was important to a 

number of species, and although the existence of drainages themselves, and their 

locations, is not a feature that can be controlled within a development or by a 

neighborhood, preservation of the riparian vegetation can be.  In neighborhoods where 

established riparian areas have been compromised, residents can work with local 

governments to restore habitat for birds and other wildlife (e.g., Lev 1998).  Furthermore, 
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the existence of intact riparian areas and naturally landscaped properties can be an 

attractant to homebuyers looking to live in a “green” community and developers may be 

encouraged to maintain these areas by the increased premium buyers are willing to pay 

for such features (Benedict and McMahon 2002).   

 For species such as Gambel’s Quail, which are influenced by features at both the 

local and landscape scales, cooperative efforts between individual homeowners, 

neighborhoods, and even city planners and managers may be needed for effective 

conservation.  Homeowners can modify their properties to include the native vegetation 

(particularly thorn trees) that Gambel’s Quail respond to at a local scale, while at a 

broader scale, developments can be designed to incorporate open space at the landscape-

scale.  Neither of these efforts will likely be successful in the absence of the other, and 

species with strong cross-scale associations must be managed at both scales (Thogmartin 

2007). 

 In urban and suburban areas, where much of the land is privately owned, the 

involvement of individual homeowners at the local scale and neighborhoods at the 

landscape scale are crucial to the successful conservation of native bird species. Yet, in 

addition to the local and landscape scales examined here, many species may be impacted 

by actions at even broader scales, such as citywide or regional scales.  The planning and 

management decisions made at these scales can have dramatic impacts on habitat at finer 

scales, and directly impact the distribution of birds in these areas.  For example, while 

developments can voluntarily be designed to incorporate certain amounts of open space, 

regional planning laws can mandate such actions. Additionally, while the presence of 



   

 

31

washes is significant at both the local and landscape scale, a much broader perspective is 

needed to manage regional riparian networks that can serve as important movement 

corridors for wildlife in the midst of large swaths of urban development (Beier and Noss 

1998).  Ultimately, the persistence of many native species in urban areas will depend on 

understanding the relevant scales at which species are responding, and then undertaking 

management and conservation efforts targeted at the specific features important to 

species within those scales (Hostetler 1999).  
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Table 1. Variables measured at two spatial scales to assess habitat associations of 10 
species of birds in Tucson, Arizona, 2004-2006. 
 

Variable 
name 

Description 

Species1 

A
T

F
L

 

C
A
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G
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L
E

G
O

 

N
O

C
A

 

P
H

A
I 

P
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R

 

V
E

R
D

 

LOCAL SCALE 
CHOLLA No. of cholla cacti > 1 m  • •       • 
MQ/PV Combined no. of mesquite and 

palo verde trees > 3 m 
•  •   • • • • • 

THORN No. of native thorn trees > 2 m  •  • •  • •  • • 
ROOST No. of trees > 5 m    • •      
SAGU No. of saguaro cacti > 2 m • • •  •      
MISTLE Presence of desert mistletoe  •   •   •   
PALM No. of palm trees > 5 m     •      
WASH Presence of wash •   • • • • • • • 
NATIVE Percentage of vegetation that is 

of native origin 
• • • • • • • • • • 

HOMES No. of homes • • • • • • • • • • 
 
LANDSCAPE SCALE 

#WASH No. of washes  • • • • • • • • • • 
OPEN Percentage of area in open space • • • • • • • • • • 
LAWN Percentage of area covered by 

lawn 
• • • • • • • • • • 

NATURAL Presence of natural area larger 
than 5 ha 

• • • • • • • • • • 

 
1 Species: ATFC = Ash-throated Flycatcher (Myiarchus cinerascens), CAWR = Cactus 
Wren (Campylorhynchus brunneicapillus), CBTH = Curve-billed Thrasher (Toxostoma 
curvirostre), GAQU = Gambel’s Quail (Callipepla gambelii), GIWP = Gila Woodpecker 
(Melanerpes uropygialis), LEGO = Lesser Goldfinch (Carduelis psaltria), NOCA = 
Northern Cardinal (Cardinalis cardinalis), PHAI = Phainopepla (Phainopepla nitens), 
PYRR = Pyrrhuloxia (Cardinalis sinuatus), VERD = Verdin (Auriparus flaviceps). 
 
 
 
 
 
 
 
 
Table 2. Logistic regression models for the ten species of birds studied. The models were 
used to partition the variance in determining species presence at a site in relation to 
habitat factors at two spatial scales (local and landscape).  Variable names are explained 
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in Table 1. Variables with (-) following name are inversely related to the probability of a 
species’ presence at a site.  
 
Model Variables % deviance 

explained 
Ash-throated Flycatcher   
     Local THORN + WASH 16.5 
     Landscape #WASH 41.8 
     Full THORN + WASH + #WASH 43.1 
Cactus Wren   
     Local CHOLLA 25.0 
     Landscape OPEN 9.9 
     Full CHOLLA + %OPEN 27.5 
Curve-billed Thrasher   
     Local CHOLLA 26.4 
     Landscape NO SIGNIFICANT FEATURES 0.00 
     Full CHOLLA 26.4 
Gambel’s Quail   
     Local THORN + NATIVE + HOMES(-) 42.7 
     Landscape #WASH + OPEN 27.4 
     Full THORN + NATIVE + HOMES(-) + #WASH + OPEN 46.6 
Gila Woodpecker   
     Local HOMES(-) + PALM + SAGU 24.9 
     Landscape #WASH + LAWN(-) 22.0 
     Full HOMES(-) + PALM + SAGU + #WASH + LAWN(-) 33.6 
Lesser Goldfinch   
     Local HOMES  + WASH 10.7 
     Landscape #WASH 22.7 
     Full HOMES + WASH + #WASH 29.1 
Northern Cardinal   
     Local THORN + MQ/PV 17.1 
     Landscape OPEN 12.3 
     Full THORN + MQ/PV + OPEN 18.4 
Phainopepla   
     Local MISTLE 35.0 
     Landscape OPEN 5.8 
     Full MISTLE + OPEN 35.1 
Pyrrhuloxia   
     Local NATIVE 19.3 
     Landscape OPEN + LAWN(-) 17.8 
     Full NATIVE + OPEN +LAWN(-) 23.4 
Verdin   
     Local THORN + MQ/PV + NATIVE + WASH 32.3 
     Landscape OPEN + LAWN(-) 20.0 
     Full THORN + MQ/PV + NATIVE + WASH + OPEN + LAWN(-) 36.1 
 

Table 3.  Percent of total deviance explained in species presence/absence at a site 
explained by habitat factors at two individual scales (pure components) and shared across 
the scales (shared).  The component of variation that explains the largest amount of the 
total deviance explained for each species is in bold. The % of total deviance explained by 



   

 

39

each component was calculated from the deviance explained by the logistic regression 
models in Table 1 per Lawler and Edwards (2006).   
 
 Component of variation 
Species Pure (local) Pure (landscape) Shared (local + 

landscape) 
Ash-throated Flycatcher 1.3 26.6 15.2 
Cactus Wren 17.6 2.5 7.4 
Curve-billed Thrasher 26.4 0 0 
Gambel’s Quail 19.2 3.9 23.5 
Gila Woodpecker 11.6 8.7 13.3 
Lesser Goldfinch 6.4 18.4 4.3 
Northern Cardinal 6.1 1.3 11.0 
Phainopepla 29.3 0.1 5.7 
Pyrrhuloxia 5.6 4.1 13.7 
Verdin 16.1 3.8 16.2 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Map of the study area in Tucson, Arizona, showing survey sites. Streets are 
shown in gray. 
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Figure 2. The likelihood of a Cactus Wren being present at a site is significantly 
correlated with the number of cholla cactus >1-m within 0.5-ha plots. 
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Figure 3. The likelihood of an Ash-throated Flycatcher being present at a site is 
significantly correlated with the number of washes within 50-ha plots. 

R2=0.25 
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APPENDIX B: HOW THE PRESENCE OF FEEDERS AFFECTS THE USE OF 

LOCAL FLORAL RESOURCES BY HUMMINGBIRDS: A CASE STUDY FROM 

SOUTHERN ARIZONA 

  
 Rachel E. McCaffrey1 and Susan M. Wethington2   

1School of Natural Resources, University of Arizona, Tucson, AZ 85721 

2Hummingbird Monitoring Network, P.O. Box 115, Patagonia, AZ 85624 

 

Abstract 

For hummingbirds, artificial feeders can serve as an alternative food source to 

nectar from flowering plants.  The presence of feeders may lead to increases in local 

populations and decreases in the use of native plants.  We examined how the presence of 

feeders influenced the rate of hummingbird visits to a changing array of flowering plants 

in southeastern Arizona.  Feeder visits represented approximately 59% of all visits during 

our yearlong study, but were less common in times of high floral abundance.  The ratio of 

feeder visits to total visits was negatively related to overall floral abundance and to the 

abundance of the hummingbird-favored plant, Calliandra californica.  The regular use of 

feeders by hummingbirds, which increases during periods of low floral availability, may 

have important implications for pollinator-plant relationships by reducing plant 

reproductive output.  Additionally, this inverse relationship may affect estimates of 

hummingbird abundance and must be considered a factor when analyzing data from 

studies that use feeders to attract hummingbirds.  
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Introduction 

The relationship between hummingbirds and the plant species they pollinate has 

been fine-tuned over time by the process of natural selection (Grant 1966, Heinrich and 

Raven 1972, Temeles and Kress 2003, Gegear and Burns 2007). Hummingbirds are the 

principal avian pollinators in the Americas (Schuchmann 1999), and have developed 

specific behavioral and morphological traits that enable them to best use plant resources 

(Temeles and Kress 2003).  These traits also enable them to utilize artificial feeders.  The 

availability of hummingbird feeders may represent a significant anthropogenic effect on 

the relationship between hummingbirds and the plants on which they feed.  In areas 

where feeders are available, hummingbird populations can be larger than in areas where 

they depend solely on flowers to meet their nectar requirements (Wethington and Russell 

2003, French et al. 2005).  However, the presence of feeders can result in fewer visits by 

hummingbirds to some native hummingbird-pollinated plants, thus decreasing plant 

reproductive output by lowering seed production (Arizmendi et al. 2007).  

 The frequency with which hummingbirds visit feeders versus flowers varies 

inversely with the abundance of flowering hummingbird-visited plants (Inouye et al. 

1991), indicating that hummingbirds are less likely to visit feeders and more likely to 

visit flowers in periods of high floral abundance, and vice versa.  In addition to the 

population-level effects that feeders may have on hummingbirds and hummingbird-

pollinated plants, this pattern must also be considered at a practical research level.  

Banding studies are frequently used to gather information on hummingbird survival, 

reproduction, and dispersal rates, as well as population composition, species distributions, 
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and movement patterns (Mulvihill et al. 1992, Calder and Calder 1995, Hilton and Miller 

2003).  Hummingbirds banded in these studies are often captured at traps associated with 

feeders, thus the data gathered in banding studies must be interpreted with caution, as 

capture rates at feeders are likely influenced not only by changes in survival and 

reproduction, but also by local environmental factors, particularly the abundance of 

flowering hummingbird-visited plants. 

 To achieve more accurate estimates of hummingbird population parameters, 

banding studies that use feeders must take into account how local floral abundance 

affects hummingbirds use of those feeders.  While the correlation between total floral 

abundance and feeder use has been demonstrated (Inouye et al. 1991), the relative 

influence of different plant species has not.  Given the wide variety of habitats that 

hummingbirds occupy throughout their ranges (Grant and Grant 1968), there is great 

local variation in the plant species they use and pollinate.  Therefore, the interaction 

between the abundance of local flowering plants and feeder visitation rates must be 

considered within the specific site of each banding study.  To examine this interaction in 

southeastern Arizona, an area with several hummingbird banding sites (Wethington et al. 

2005), we investigated how the proportion of hummingbird visits to feeders vs. flowers 

changed as both the species composition and abundance of flowers varied over a one-

year period in a local botanical park. 
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Methods 

We conducted our study in Tohono Chul Park (hereafter, “Tohono”), Tucson, 

Arizona, at an elevation of approximately 840 m.  Tohono contains numerous gardens 

with a wide variety of hummingbird-visited plants that vary in flower production 

throughout the year.  Previous banding efforts (Hummingbird Monitoring Network 2005) 

found that three species of hummingbirds, Anna’s (Calypte anna), Costa’s (Calypte 

costae), and Black-chinned (Archilochus alexandri), occur at Tohono in varying numbers 

throughout the year. 

 We designated seven contiguous garden patches at Tohono, ranging in size from 

0.10 to 0.41, as observation sites.  The seven patches were chosen to: 1) represent a wide 

variety of natural and ornamental plant species, and 2) be sized and arranged so that a 

single observer could monitor all hummingbird activity within a patch.  A hummingbird 

feeder (Best-1 0.95 l hummingbird feeder, Best-1, Poteet, Texas) was placed in each 

patch approximately one month before the initiation of the study, and a 1:4 sugar to water 

solution was maintained in feeders throughout the study (Kodric-Brown and Brown 1978, 

Hilton and Miller 2003). 

 From October 2003 to October 2004, observers monitored hummingbird activity 

in each patch for 3 hr beginning at sunrise approximately once every three weeks (n = 18; 

Stiles 1975).   Observers recorded the time of day of all feeding visits to feeders and 

flowers, and the species of flower visited. We did not determine hummingbird species 

because of the difficulty of correctly identifying juvenile and female hummingbirds and 

because the three hummingbird species present at the study site have similar morphology 
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and visit the same plant species (Kodric-Brown and Brown 1978, Brown and Kodric-

Brown 1979).   Feeder visits were measured from when a hummingbird arrived at a 

feeder to the time it left the feeder (Sandlin 2000).  We considered flower visits to begin 

when a hummingbird visited a flower within the patch under observation and to end when 

the bird left the patch, perched, or visited another species of flower or a feeder.  We 

measured ambient temperature at sunrise on each morning of observation. 

 

Floral abundance measures 

Within each patch, the abundance of open flowers of each plant species was 

scored on a scale of zero to ten (zero representing no flowers present, ten representing 

full bloom of each plant of that species within the patch) on the afternoon prior to 

hummingbird observations.  For each date, an overall floral abundance score (also on a 

zero to ten scale) for each patch was also estimated based on the abundance of open 

flowers of all plant species.  While the longevity of the flowers of each species present at 

the site is unknown and there may be daily turnover in individual flowers (Dobkin 1987), 

we are confident that the overall abundance of flowers for each species was similar 

between the two observation periods.  Due to the difficulty of distinguishing three red 

sage species, Salvia coccinea, S. microphylla, and S. greggii, these species were grouped 

together as the “red Salvia complex” and given a single abundance score for each patch.  

Plants in the Hesperaloe and Aloe complexes were noted by genus (e.g., Hesperaloe 

spp.).  For each date, we calculated an average abundance score for each species in all 

patches using the equation Āi = (A1i + A2i + ….. + A7i)/7, where i signifies the plant 
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species and A1-7i represents the abundance score of the species within each of the seven 

patches on that day. 

An overall floral abundance score (encompassing all species) for the entire study 

area on each date was computed using the equation Āo = (A1o+ A2o+ ….. + A7o)/7, where 

o denotes overall floral abundance and A1-7o signifies the overall floral abundance score 

within each of the seven patches on that day. 

 

Statistical analyses 

Data from each observation period were summed across all patches to produce the 

total number of feeder visits and total number of visits to each flower species for each 

period.  The ratio of feeder visits to total number of visits (feeder and all flower visits 

combined) was calculated for each morning.  For all analyses, only flower species 

actually visited by hummingbirds (Table 1) were included.  For each of these species, a 

relative preference score (Stiles 1976), which is a measure of hummingbird use of each 

species relative to its abundance, was calculated using the equation RPi = visitsi / Āalli, 

where i signifies the plant species, visits are the total number of visits to that species over 

the entire study period, and Āall is the average abundance score of the species over the 

entire study period and is calculated as Āalli = (Āai + Ābi+ ….. + Āri)/18, where Āa-r 

denotes the average abundance score for each date.   

To determine which variables explained a significant proportion of the variation 

in feeder or flower use, we used multiple logistic regression to model the proportion of 

feeder visits as a function of the average abundance scores of the eight plant species for 
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which hummingbirds showed the greatest preference (relative preference score >25.0; 

Table 1), overall floral abundance, and ambient temperature at sunrise.  The number of 

visits to feeders was specified as the response variable and the total number of visits 

(feeder and flower combined) as the binomial denominator (specifying a binomial error 

structure and logit link function; Ramsey and Schafer 2002).  A Spearman’s rank 

correlation test was used to determine if flower size was related to the percentage of 

hummingbird visits to each species.  For the “red Salvia complex,” the percentage of 

visits to the group was divided by three, and the species ranked identically according to 

the average flower size of the group.  Values are reported as means ± SE.      

 

Results 

The number of feeder and flower visits by hummingbirds varied throughout the 

study, with an average of 48.6 ± 5.9 visits to flowers (n = 916) and 96.7 ± 15.1 visits to 

feeders (n = 1741) recorded each morning.  The highest number of feeder visits (n = 242) 

and the lowest number of flower visits (n = 10) were recorded on the same morning, 

when the average floral abundance of the eight most preferred plant species was lowest.  

The mean ratio of feeder visits to total visits was 0.59 ± 0.05, i.e., feeder visits 

represented approximately 59% of all visits. 

 Floral abundance across all species averaged 2.7 ± 0.4 on the 0 to 10 scale.  The 

red Salvia complex had the highest average floral abundance (4.5 ± 0.4), and was visited 

most frequently by hummingbirds, representing 42% of the flower visits recorded.  

Relative preference scores (Table 1) ranged from 0.8 for Goodding verbena (Verbena 
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gooddingii, relatively abundant, not frequently visited) to 285.4 for Mexican bush sage 

(Salvia leucantha; relatively scarce, but frequently visited).   

 The ratio of feeder visits to total visits was negatively related to overall floral 

abundance (x2
1 = 150.2, P < 0.001) and the floral abundance of Baja fairy duster 

(Calliandra californica) (x2
1  = 33.3, P < 0.001).  When feeder visits were high relative to 

flower visits, overall floral abundance (and the abundance of Baja fairy duster) was low 

(r2=0.68; Fig. 1).  For each one unit increase in overall floral abundance, the odds of a 

hummingbird visiting a feeder decreased by 0.63, and for each one unit increase in Baja 

fairy duster the odds decreased by 0.74.  The total number of feeder visits each morning 

(independent of flower visits) was also negatively related to overall floral abundance 

(r2=0.58; Fig. 2) Ambient temperature at sunrise and the average abundance scores for 

the seven other plant species examined were not related to the ratio of feeder visits to 

total visits.  Flower size also was not related to visit frequency (rs=0.36, P = 0.13). 

 

Discussion 

 The rate at which hummingbirds visited feeders was negatively related to the 

relative abundance of flowering plant species at Tohono Chul Park.  Hummingbirds were 

less likely to visit feeders when hummingbird-visited plants had many flowers, with the 

presence of blooming Baja fairy duster, in particular, decreasing visits to feeders. 

Members of the Calliandra genus are known to be relatively rich nectar resources for 

hummingbirds (Hernández-Conrique et al. 2007) and this is likely the reason for the high 

visitation rates to these flowers. Hummingbird-pollinated plants typically have sucrose-
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dominant nectar with a 22% to 26% sugar concentration (Stiles and Freeman 1993), and, 

in preference tests, hummingbirds prefer higher sugar concentrations and larger volumes 

of nectar (Pimm el al. 1985, Sandlin 2000). 

 In addition to Baja fairy duster, hummingbirds showed a marked preference for 

hummingbird bush (Anisacanthus quadrifidus), Hesperaloe spp., Penstemon spp., the red 

Salvia complex, and Mexican bush sage.  All of these species are known to attract 

hummingbirds (Stiles 1976, Baltosser and Russell 2000, Livingston 2004), but the strong 

preference of hummingbirds for Mexican bush sage relative to the others was 

unexpected. While flower size has been shown to be a proxy for the amount of nectar 

available in flowers from different plant species (Dobkin 1984, Arizmendi and Ornelas 

1990), it did not correlate significantly with the relative preference of hummingbirds for 

the plant species in this study. Mexican bush sage, which has tall spikes of fuzzy, purple 

flowers (Irish 2002) that are smaller than the flowers in the other above-mentioned 

species, was only present in a single patch at Tohono, and was not in bloom for the 

majority of the year. However, on mornings when Mexican bush sage was in bloom, the 

majority of hummingbird visits were concentrated there, and on many occasions several 

hummingbirds were observed feeding concurrently on individual plants of this species. 

 While Mexican bush sage is a hummingbird-pollinated plant (Classen-Bockhoff 

et al. 2004), and many guides to gardening for hummingbirds recognize this species as a 

“hummingbird plant” (Nielsen and Newfield 1996, Kress 2000, Roth 2001), 

hummingbird use of Mexican bush sage has rarely been documented in the scientific 

literature.  This is likely due to the fact that this species is native to Central America, and 
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is therefore found only in cultivated sites in North America and not in the natural areas 

where many hummingbird studies have been conducted (Grant and Grant 1968, Kodric-

Brown and Brown 1978).   

 Over the course of this study, hummingbirds at Tohono showed marked 

differences in their visitation rates to feeders depending on the available floral resources. 

This choice between feeders and flowers represents a kind of cost-benefit analysis for 

hummingbirds (Gass and Roberts 1992).  Depending on the types and numbers of flowers 

available, feeders may or may not represent a rewarding alternative. Hummingbirds can 

generally extract a given quantity of nectar more quickly from high-volume feeders than 

from flowers, as hummingbirds must insert and withdraw their bills from the corolla of 

each flower regardless of the amount of nectar withdrawn, resulting in an increased 

handling time relative to feeders which present no such variation (Gass and Roberts 

1992). In times of low floral abundance, when hummingbirds must expend more time and 

energy to locate blooms containing nectar, feeders are a more concentrated resource.  

Additionally, while our study only monitored hummingbirds during the morning, with the 

nectar productivity of most hummingbird-visited plants peaking early in the day (Stiles 

1975), the value of feeders may increase throughout the day as floral resources decline. 

However, while feeders may represent a quicker and easier way to obtain nectar, the 

nectar available from flowers may be more nutritionally rewarding.  The typical 1:4 sugar 

solution used in hummingbird feeders represents a 20% sugar concentration and most 

hummingbird-pollinated plants contain nectar with equal or higher average sugar 

concentration (Stiles and Freeman 1993, Roberts 1996).  Thus, at times when their 
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preferred flowers are sufficiently abundant, hummingbirds may compensate for the 

additional search and handling time associated with feeding at flowers by obtaining more 

sugar.  

 The inverse relationship between feeder visitation rates and floral abundance first 

reported by Inouye et al. (1991), and supported by this study, shows that the presence of 

local flowering plants can affect the use of feeders by hummingbirds and vice versa 

(Ariźmendi et al. 2007). The results of this study also suggest that identifying key nectar 

resources in an area, and monitoring their abundance and flowering phenology are 

important factors in determining the influence of nearby nectar resources on estimates of 

hummingbird population sizes.  

 When flowers were scarcer, hummingbirds primarily visited feeders, largely 

leaving the remaining flowers unvisited.   The option of obtaining nectar from feeders 

may therefore result in hummingbirds failing to fully pollinate plants at times when few 

flowers are present or in areas where flowers are not clustered. For the hummingbird-

pollinated plant ocotillo (Fouqueria splendens), increased seed set occurred when peak 

bloom time corresponded with peak numbers of migrating hummingbirds (Waser 1979). 

Flower phenology is closely related to climate; even minor changes in climate can 

produce changes in blooming dates that may decouple the mutualism between 

hummingbirds and the plants that they pollinate (Bazzaz 1998). Likewise, timing and 

occurrence of hummingbird abundance patterns can vary from year to year (Wethington 

and Russell 2003) and are important to the success of this mutualism.  On a more 

practical level, researchers must be aware that the frequency with which hummingbirds 
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visit feeders (and therefore are captured and banded) is not independent of local floral 

abundance; estimates of population parameters that take this into consideration will be 

more representative of actual changes and differences. 
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FIGURE 1. Hummingbirds use of feeders versus flowers at Tohono Chul Park, Tucson, 
Arizona is inversely related to overall floral abundance.  Each data point represents one 
morning of observations, with feeder use shown as ratio of visits to feeders vs. total visits 
to feeders and flowers on that morning.  Overall floral abundance is an average of the 
total floral abundance per patch from seven garden patches, measured on a zero to ten 
scale (with zero representing no flowers present and ten representing full bloom of each 
plant in each patch).   
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FIGURE 2. Hummingbirds at Tohono Chul Park, Tucson, Arizona, visited feeders more 
when overall floral abundance was low, and less when overall floral abundance was high.  
Each data point represents one morning of observations, and the number of feeder visits 
represents the total number of visits to feeders by hummingbirds in all patches during the 
3 hour observation period. Overall floral abundance is an average of the total floral 
abundance per patch from seven garden patches, measured on a zero to ten scale (with 
zero representing no flowers present and ten representing full bloom of each plant in each 
patch).    
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TABLE 1. Relationships between floral abundance of hummingbird-visited plants at Tohono Chul Park, Arizona, and 
number of hummingbird visits. Average floral abundance is the average of the floral abundance of that species for the 
study’s duration, across all seven garden patches, measured on a zero to ten scale (with zero representing no flowers 
present and ten representing full bloom of each plant in each patch).   Relative preference scores were calculated by 
dividing the total number of hummingbird visits to each plant species by the average flower abundance rank for that 
species. The number of times that hummingbirds visited each species relative to all of their visits to flowers is shown in 
the “percentage of visits” column.  Flower size (as measured by corolla and petal length) was determined by a literature 
review, and species were then ranked from smallest to largest (plants that were only grouped to genus were not ranked, 
as flower size varies within genus). 

 

Species 

 

Family Average floral 

abundance 

(0-10) ± SE 

Relative 

preference 

score 

Percentage of 

visits 

Flower size 

rank 

Mexican bush sage (Salvia leucantha)a,b,c Lamiaceae 0.4 ± 0.1 285.4 13.3% 11d 

Baja fairy duster (Calliandra californica)a,b,c Fabaceae 1.4 ± 0.2 167.4 24.9% 17d 

Hummingbird bush (Anisacanthus quadrifidus)b Acanthaceae 0.2 ± 0.1 123.8 2.6% 18d 

Penstemon (Penstemon spp.)a,b,c Plantaginaceae 0.6 ± 0.3 106.8 7.2% - 

Red Salvia complex (Salvia spp. (red))a,b Lamiaceae 4.5 ± 0.4 86.4 42.3% 13d,e 

Hesperaloe (Hesperaloe spp.)a,b,c Agavaceae 0.4 ± 0.1 80.9 3.1% - 

Aloe (Aloe spp.) Asphodelaceae 0.6 ± 0.2 49.4 3.0% - 

Mexican honeysuckle (Justicia spicigera)a,b,c Acanthaceae 0.1 ± 0.1 26.4 0.2% 16d 

Texas mountain laurel (Sophora secundiflora)b Fabaceae 0.1 ± 0.1 24.0 0.3% 10f 

Hummingbird carpet (Zauschneria Onagraceae 0.2 ± 0.1 17.4 0.4% 15d 
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californica)a,b,c 

Sweet acacia (Acacia smallii)a,b,c Fabaceae 0.1 ± 0.1 11.2 0.1% 1d 

Baja ruellia (Ruellia peninsularis)a,b,c Acanthaceae 1.0 ± 0.2 7.7 0.9% 3g 

Olive (Olea europaea) Oleaceae 0.2 ± 0.1 6.7 0.1% 2f 

Butterfly bush (Buddleia marrubifolia)a,b,c Loganiaceae 0.8 ± 0.2 6.6 0.6% 4f 

Creosote (Larrea tridentate)a,b,c Zygophyllaceae 0.2 ± 0.1 5.6 0.1% 7.5g 

Yellow bells (Tecoma stans)a,b,c Bignoniaceae 0.4 ± 0.1 5.1 0.2% 19d 

Mealy cup sage (Salvia farinacea)b Lamiaceae 1.0 ± 0.2 3.0 0.2% 5d 

Brittlebush (Encelia farinosa)a,b,c Asteraceae 0.8 ± 0.2 2.5 0.2% 3g 

Blue palo verde (Parkinsonia florida)a,b,c Fabaceae 0.5 ± 0.3 2.0 0.1% 9g 

Goodding verbena (Verbena gooddingii)a,b,c Verbenaceae 1.2 ± 0.4 0.8 0.1% 7.5d 

 

 aSpecies is native to the range of the Anna’s Hummingbird (Calypte anna). 
 bSpecies is native to the range of the Black-chinned Hummingbird (Archilochus alexandri). 
 cSpecies is native to the range of the Costa’s Hummingbird (Calypte costae). 

dCalderόn de Rzedowski and Rzedowski 2001.  
eNote: the rank of the “red Salvia complex” is based on the average flower size for the group.   
fAbrams and Ferris 1923. 
gShreve and Wiggins 1964. 
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Abstract 

With more people living in urban areas, cities are playing an increasingly 

important role in supporting local biodiversity and maintaining the connection between 

people and nature.  Yet, in order for conservation efforts in urban areas to be effective, 

information on how to sustain native species in these areas is needed. Few studies have 

attempted to collect long-term monitoring data on bird populations in urban areas, 

perhaps due to the high investment in time and manpower required.  The Tucson Bird 

Count (TBC) is a program based on repeated, systematic volunteer bird surveys that 

represents a novel approach to collecting citywide data and monitoring urban birds.  

Since the TBC’s inception in 2001, volunteers have successfully monitored birds at 

approximately 1,000 sites throughout the Tucson, Arizona metropolitan area.  Data 

collected through the TBC has already been used in research studies, planning strategies, 

and to inform local conservation initiatives.  Here we explore how TBC data can be used 

to assess relationships between species distribution and habitat features, focusing in 
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particular on Abert’s Towhee (Pipilo aberti).  Also, we compare the two TBC programs, 

an annual citywide survey and a quarterly survey of specific sites of birding interest. This 

comparison highlights the importance of isolated habitat islands to the persistence of 

some species in urban Tucson.  We review results from the TBC and the local Christmas 

Bird Count, finding both considerable overlap between the two counts as well as unique 

information contributed by each program to our understanding of the area’s avifauna.  

Finally, we discuss the ability of the TBC to serve as a model for other urban bird 

monitoring programs and its value in the establishment of a global network of such 

programs.  

 

  Introduction 

 Urbanization stands as one of the world’s dramatic trends in the twentieth 

century, with the proportion of the global population living in urban areas increasing 

from 13% in 1900 to 49% in 2005 (United Nations 2006).  By 2030 it is predicted that 

4.9 billion people will reside in urban areas.  This human population increase has resulted 

in both an expansion of the spatial extent of urbanized areas and a corresponding decline 

in agricultural lands and natural ecosystems surrounding cities (Houghton 1994).  Thus, 

urban sprawl has been cited as a prime threat to biodiversity, with urbanization leading to 

high local extinction rates and the loss of many native species (Czech and Krausman 

1997, Marzluff 2001, McKinney 2002).  Likewise, many city dwellers, urban planners, 

and even some conservationists tend to view developed areas as a sort of biological 
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wasteland, with little potential for harboring the rich assemblages of species associated 

with undisturbed systems. 

The city of Tucson, located in Arizona, the fastest growing state in United States 

(US Census Bureau 2006), in many ways exemplifies how urban sprawl impacts 

biodiversity (Turner 2003).  Between 1990 and 2000 Tucson’s population increased 20% 

while its spatial extent expanded by 24% (Pima Association of Governments 2003).  

Native vegetation in the Sonoran desert is being replaced by urban development and non-

native vegetation at a rate of approximately 2,600 ha/yr (Davis 2006).  The impacts of 

urbanization have been well documented for birds in the Tucson area (see Emlen 1974, 

Tweit and Tweit 1986, Mills et al. 1989, Germaine et al. 1998, Boal and Mannan 1999), 

and are similar to the characteristic responses to urban development demonstrated in 

other cities (see Chace and Walsh 2006).  Moving inward along an urbanization gradient, 

species diversity generally declines as total biomass and avian population density 

increase. Meanwhile, the original native avifauna is replaced by a smaller group of 

abundant and often exotic species that take advantage of their ability to flourish in 

urbanized systems (Beissinger and Osborne 1982, Blair 1996, Melles et al. 2003).  In 

Tucson, this pattern is exemplified by increases in the populations of urban exploiter 

species such as the Inca Dove (Columbina inca), Northern Mockingbird (Mimus 

polyglottos), House Finch (Carpodacus mexicanus) and House Sparrow (Passer 

domesticus) and decreases in populations of species adapted to the Sonoran Desert such 

as the Ash-throated Flycatcher (Myiarchus cinerascens), Cactus Wren (Campylorhynchus 
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brunneicapillus), and Curve-billed Thrasher (Toxostoma curvirostre) (Emlen 1974, Tweit 

and Tweit 1986).  

Because urban sprawl affects bird populations in such profound ways, sustaining 

and promoting native bird diversity in urban areas is of special concern.  Conservation 

efforts of this kind are important not only in the broad scheme of protecting biodiversity, 

but also because incorporating natural components into urban areas allows for increased 

human-nature interactions (Turner et al. 2004).  While urban landscapes are dissimilar to 

natural environments, myriad opportunities exist for integrating wildlife into cities 

(Rosenzweig 2003).  Because birds are highly mobile and can respond to long-term 

changes in habitat structure and composition at relatively fine scales (Knick and 

Rotenberry 2000, Savard et al. 2000), they are in principle more likely to be able to adjust 

to urban life than many other types of wildlife.  Yet, determining ways to prevent or 

mitigate the typical impacts of urbanization and maintain a diverse assemblage of native 

birds in urban areas remains a challenge.  Meeting that challenge will require a better 

understanding of how native species are affected by different types and levels of urban 

development. 

As the 21st century began, Tucson continued to expand, with much of the new 

growth located along the cities edges, and urban ecology information was needed in order 

to protect natural resources.  Despite the existence of 35 years of data from a Christmas 

Bird Count (CBC) circle centered within Tucson (National Audubon Society 2006), a 

robust body of local ornithological research (see for example, Emlen 1974, Tweit and 

Tweit 1986, Mills et al. 1989, Germaine et al. 1998, Boal and Mannan 1999) and the 
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presence of a very active birding community, Tucson still lacked systematic, citywide 

data on how populations of birds were changing in response to urban development.  Key 

to developing conservation strategies was the establishment of the Tucson Bird Count 

(TBC), a volunteer-based program designed to monitor how birds respond to different 

land use changes and how abundances and distributions of different species vary both 

over time and space across the city.  The TBC is based on the citizen science framework 

developed by such longstanding programs as the CBC, North American Breeding Bird 

Survey (BBS), and Britain’s Breeding Bird Survey, and extends this model into a 

program specifically designed to collect information on birds in urban areas.  The 

collection of information on bird abundance and distributions over both broad temporal 

and spatial scales within an urban area, as provided by the TBC, allows investigation into 

ways to avoid some of the typical negative impacts of urbanization on birds. 

Additionally, the urban focus of the TBC provides an opportunity for both participants 

and other Tucson residents to learn more about the birds near where they live and work, 

which can result in a greater interest in protecting habitats and reconciling the impacts of 

urban sprawl.  Results from the TBC have already been used to examine how different 

species respond to various types of land use (Turner 2003) and habitat loss (Turner 

2006), and to identify areas within the city that are of particular importance to birds, and 

therefore are useful targets for conservation efforts.  

The goal of this paper is to provide an overview of the design and methodology of 

the TBC, specific examples of how the TBC data can be used to inform conservation, and 

an evaluation of the value of the TBC in generating novel data, in order to demonstrate 



   

 

69

the TBC’s potential to serve as a model for other cities interested in developing 

monitoring programs for urban birds. We focus on two case studies: (1) an evaluation of 

the association between a species of local conservation concern, Abert’s Towhee (Pipilo 

aberti), and watercourses in urban Tucson; and (2) an investigation of the importance of 

native habitat islands within the city to maintaining populations of native birds, using the 

Ladder-backed Woodpecker (Picoides scalaris) as an example.  We compare results from 

the TBC to those from the Tucson area CBC count circle to assess the contributions of 

the TBC data to increasing our understanding of how bird populations are changing.  

Finally, we discuss the advantages and disadvantages of the TBC model, as well as its 

applicability to other urban areas. With urban sprawl increasing on a global scale, the 

TBC’s urban focus, combined with its citizen science approach, represents a new 

approach to collecting data that can inform local conservation efforts and help to develop 

solutions for sustaining populations of native birds in urban areas.    

 

Methods 

The central challenge of the Tucson Bird Count is to design a survey robust 

enough to produce results rigorous enough to be useful to a wide variety of audiences 

(e.g., scientists, local citizens, urban planners), yet practical and efficient enough to be 

sustained over time. To maximize the utility of the data, the TBC encompasses a wide 

range of sites and land use categories across the Tucson metropolitan area, utilizes a 

survey methodology designed to detect the maximum number of species, and is repeated 

at the same sites over time.  In order to collect these data over such a broad area, the TBC 
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draws on the skills of experienced birders as volunteer citizen scientists.  The TBC 

initially begun in 2001 as an annual citywide spring bird survey, termed the Route 

Program (RP).  Since then the TBC has grown to incorporate a second program known as 

the Park Monitoring Program (PMP).   

 

Route Program (RP) 

Survey sites for the RP were situated based on a stratified random sampling 

approach, where one site was randomly located within each cell of a 1 km² grid randomly 

laid over the Tucson area (see Turner 2003).  Adjacent sites are grouped together into 

routes which can be reasonably surveyed by an observer in one morning.  The number of 

sites per route varies across the study area (10 to 12 sites/route in the more easily 

traversed areas, and <5 sites/route in less accessible areas). The initial TBC RP study area 

(surveyed in spring 2001) encompassed 661 km², including industrial and commercial 

areas, residential neighborhoods, and undisturbed desert.  Since then, new survey sites 

have been added in the developing areas around the city according to the same protocol.  

By 2006 the TBC RP study area had grown to encompass 981 km² (Fig. 1).  Survey sites 

were intended to be permanent once established, but a small subset of the TBC sites had 

to be relocated due to changes in accessibility, excessive noise, or other disruptions.  In 

these cases, a new site has been established as close to, and in the same habitat and land 

use type, as the original site as possible.   

Bird surveys were carried out by volunteers qualified as skilled observers, defined 

as those who can identify the 25 most common Tucson area species quickly by sight or 
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sound, are familiar with most other birds of the Tucson area, and may need quick 

reference to a field guide for certain less-common or difficult species (Turner 2003). 

Volunteers who meet this standard use the TBC website (www.tucsconbirds.org) to 

register for the program, select their routes, and enter their survey results (McCaffrey 

2005). Between 15 April–15 May (the time in the breeding season during which the 

greatest number of Tucson species are most easily detected), participants survey sites 

along their route(s), performing a 5-min unlimited radius point count (Blondel et al. 1981, 

Verner 1985, Ralph et al. 1995).  All surveys are conducted between 30 min prior to and 

4 hr after local sunrise (Turner 2003).  

 

Park Monitoring Program (PMP) 

The PMP, designed to complement the annual RP, monitors specific sites of 

interest in the Tucson area not adequately surveyed by the RP’s random sampling design.  

Additionally, PMP sites are monitored four times a year (winter: 15 January–15 

February; spring: 15 April–15 May; summer: 1–31 July; fall: 1–30 September), allowing 

the detection of species not present during the spring RP survey.  The PMP’s sites include 

neighborhood and regional parks, a national park, artificial wetlands, watercourses, 

neighborhoods, and other locations of scientific, management, conservation, or birding 

interest (Fig. 1).   

The PMP also uses skilled volunteer birders to perform surveys.  Currently, TBC 

participants survey 182 sites within 23 parks spread across the Tucson area. In order to 

allow comparisons among PMP and RP sites, 5-min unlimited radius point counts are 
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performed at the majority of Park sites.  However, at a few sites with either relatively 

open and uniform environments or at linear sites with watercourses lined with riparian 

vegetation, participants perform 10 min surveys along 200 m line transects (Bibby et al. 

1992).  To assure independence between counts, all points and transects are situated at 

least 250 m apart from each other (Sutherland et al. 2004).   

 

Web, Database, Geographic Information System (GIS), and Volunteer Tools  

Two of the factors that have made the TBC a viable urban bird monitoring 

program are (1) capitalizing on experienced volunteers skills, and (2) the effective use of 

technology. In fact, getting the right computer tools in place and recruiting a sufficient 

number of qualified observers are likely to be the most significant hurdles faced by others 

initiating citywide bird surveys. However, while programming knowledge is necessary 

for the initial design and implementation of a web-based program such as the TBC,  once 

established, the program can be run using commercially available software (in the case of 

the TBC: Microsoft Access, ESRI ArcGIS, Adobe Dreamweaver) that is user friendly 

and commonly used by researchers.  In this section we briefly discuss the web, GIS, and 

database technologies designed for the TBC.   

The TBC website allows prospective volunteers to view available routes, adopt 

routes, and enter data. It also communicates the project's background, general 

information on the local avian community, and TBC results to the public. All dynamic 

web content interacts with a Microsoft Access relational database via custom server-side 

JavaScript code. These scripts perform tasks such as registering participants, accepting 
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and performing checks on survey data, and creating interactive web displays of results, 

including tabular queries by species, site, or year. Maps showing species distributions and 

abundances are constructed via a script that dynamically places the results for the 

requested species or time period on top of a standard base map of the study area.  

TBC participants are provided with a set of materials that ensure participant 

survey comfort and data reliability (e.g., count instructions, data forms, site geographic 

coordinates, descriptions of site locations, and signs indicating that they are participating 

in a bird survey). Additionally, participants receive custom color route maps generated 

from GIS coverages of count sites, route boundaries, and relevant features such as roads 

and watercourses. The GIS layers showing the location of these features are obtained 

from the Pima County Department of Transportation.  In addition to using GIS layers to 

produce route maps, analyses of the TBC data have been greatly aided by the availability 

of county provided GIS data.  Coverages that show the locations and qualities of features 

such as vegetation types, riparian areas, and land use types are valuable tools in assessing 

the relationships between habitat variables and the bird distribution and abundance 

patterns generated from the TBC data.  Fortunately, such GIS data is becoming more 

widely available, not just in Tucson, but in many urban areas where such data is valuable 

not only to researchers, but to city planners and managers.    

Much of the TBC's administrative work, this potentially time-consuming step is 

automated by a script. In this case a GIS script (currently Visual Basic in ArcGIS 9.0) 

zooms to routes, labels sites and roads appropriately, and prints each resulting route.  All 

participant data, site locations and descriptions, and count results are stored in the Access 
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relational database. ArcGIS and GIS scripts are used for survey design, updating of count 

locations, and spatial analyses.  The web-based design of the TBC, combined with the 

automation of many of the project’s organizational tasks, allows the TBC to be run by a 

single coordinator (historically a graduate student), making the costs of running the 

program relatively small.  The coordinators main tasks involve maintaining the project’s 

website and database, as well as recruiting and communicating with volunteers.   

 

Data Analysis 

To exemplify how data collected through the TBC can be used to assess a species 

sensitivity to specific environmental features, we assessed the presence of Abert’s 

Towhees relative to watercourses of varying sizes and riparian vegetation.  We used 

Abert’s Towhee data from the 2001-2008 TBC RP results, and defined Abert’s Towhee’s 

home range as being 101.5 m in radius (based on Meents et al. 1981).  We determined 

presence of riparian vegetation in the areas from a compilation of regional GAP datasets 

(North American Warm Desert Wash, North American Warm Desert Lower Montane 

Riparian Woodland and Shrubland, North American Warm Desert Riparian Woodland 

and Shrubland, North American Warm Desert Riparian Mesquite Bosque, Open Water, 

and Invasive Southwest Riparian Woodland and Shrubland; USGS National GAP 

Analysis Program 2004).  The locations and average flow rate classifications of 

watercourses (CFS 1: <14.2 m3/sec; CFS 2: 14.2 m3/sec to 28.3 m3/sec; CFS 3: 28.3 

m3/sec to 56.6 m3/sec; CFS 4: 56.6 m3/sec to 283.2 m3/sec; CFS 5: 283.2 m3/sec to 707.9 

m3/sec; CFS 6: >707.9 m3/sec) were taken from GIS layers of the Tucson area (Pima 
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County Department of Transportation 2005). We determined whether riparian vegetation 

and/or each class of watercourse (CFS 1-6) was present within 101.5 m of each survey 

site using ArcMap 9.0 tools (ESRI 2004). A multiple logistic regression was used to 

model the ability of the seven explanatory variables (riparian vegetation and six classes 

of watercourse) to predict the presence of Abert’s Towhees at a site.  

To exemplify the difference between RP and PMP sites, we compared results 

from the two programs from 2001-2006.  To compare results between the CBC and TBC, 

we used CBC results from the Tucson count circle over a six year period from 2000-2001 

to 2005-2006 (National Audubon Society 2002) and TBC results from both the RP and 

PMPs between spring 2001 and spring 2006.  In Tucson, approximately 90% of the CBC 

count circle overlaps the TBC study area, while about 10% of the CBC circle covers an 

undeveloped area in the Santa Catalina mountains that lies above 1,000 m asl (and 

therefore is not covered by the TBC).   
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Results and Discussion  

TBC Project 

Between 2001 and 2006, 222 volunteers (120 primary observers and 117 

assistants) have participated in the TBC project, recording ~219,000 individual birds.  A 

total of 226 bird species have been recorded; 165 species as part of the RP, and 220 

species through the PMP surveys.  Approximately 35% of participants surveyed more 

than one route or park. Volunteer retention has remained high, with an average of 79% of 

volunteers returning year to year between 2001 and 2006. 

 

Species Distributions 

 Detailed maps showing the Tucson area distribution and abundance of each bird 

species, based on the data collected through the TBC, are available at the project’s 

website (www.tucsonbirds.org). These maps indicate that many groups of species exhibit 

similar distribution patterns. For example, Mourning Doves (Zenaida macroura), Gila 

Woodpeckers (Melanerpes uropygialis), and House Finches are common throughout the 

entire study area. Many native desert scrub species, such as Gambel’s Quail (Callipepla 

gambelii; Fig. 2a), are distributed in a band around the city, with relatively high numbers 

of individuals observed in less developed areas, and few individuals occupying the city’s 

high-density urban core (Turner 2003, McCaffrey 2005).  Conversely, the distribution of 

the exotic Rock Pigeon (Columba livia; Fig. 2b) virtually behaves inversely to Gambel’s 

Quail, with high numbers of individuals within the urban core, and relatively few birds 

observed in the less densely developed areas.  A similar distribution pattern is evident for 
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the Northern Mockingbird, a native desert species that prefers high-density residential 

and commercial/industrial areas over low-density residential neighborhoods and natural 

areas (Turner 2003).  The distributions of some species, such as the Phainopepla 

(Phainopepla nitens), are concentrated in areas with relatively dense native woodlands, 

whereas other species such as the Rufous-winged Sparrow (Aimophila carpalis) are only 

found in small numbers in natural areas remaining at the edge of the city.   

 Beyond describing how birds are distributed within Tucson, further analyses of 

the TBC distribution data indicate how birds respond to different habitat features and 

land uses in urban areas. Turner (2003) used a single year of RP data to quickly assay the 

sensitivity of more than seventy species to development.  Results indicated that a suite of 

native species are particularly vulnerable to development and merit greater attention in 

local conservation efforts.  One species that was not associated with a specific land use 

type in Turner’s study (2003), but appears instead to be closely linked to the presence of 

a particular habitat feature, is Abert’s Towhee.  With one of the smallest distributions of 

any bird species inhabiting the US, Abert’s Towhee is restricted to riparian habitats in the 

Southwestern desert (Tweit and Finch 1994).  Conservation of Abert’s Towhee has been 

identified as a priority by the National Audubon Society (2002) and the Sonoran Desert 

Conservation Plan (Pima County 2006) due to the rapid loss of riparian areas. A multiple 

regression analysis indicates that the probability of an Abert’s Towhees being present at a 

site is significantly related to the presence of riparian vegetation (increases odds of 

Abert’s Towhee presence by 8.4 times after accounting for presence of all watercourses) 

and the presence of watercourses classified as CFS 4 (increases odds by 10.2 times), CFS 
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5 (increases odds by 3.3 times), and CFS 6 (increases odds by 2.04 times) within 101.5 m 

of the site (Table 1).  There is no evidence that Abert’s Towhee presence is associated 

with watercourses of the smallest 3 classes, CFS 1, 2, and 3.   

With a substantial portion of the larger watercourses (CFS 4-6; average flow rates 

> 56.6 m3/sec) in the study area running through highly developed areas, these results 

indicate that the Abert’s Towhee can persist in urbanized areas if riparian systems are 

preserved.  Unlike many sensitive species that retreat to the edges of the city with 

development, the case of Abert’s Towhee is a hopeful sign that human presence and 

urbanization may need not necessarily spell the demise of native species. A project such 

as the TBC provides a powerful framework to assist in the conservation of such urban 

adaptable species, monitoring them over time as conservation efforts restore key habitats 

and/or processes to the urban system. 

 By providing a concise view of how different species are distributed across the 

Tucson area, the TBC distribution maps have proved useful to both scientists and the 

public.  The generation of real-time maps, immediately updated as participants submit 

their data online, allows participants to see their results and how they relate to others’ 

observations.  Additionally, distribution maps can be viewed by Tucson residents 

interested in finding out which bird species occur in their neighborhoods or how common 

particular species are.  Urban planners interested in targeting sites for habitat preservation 

have used the TBC data to determine the relative conservation value of different sites 

(e.g., Rosen and Mauz 2001).  TBC results have also been used to determine the 

distributions of vulnerable bird species as part of a regional conservation plan (Pima 
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County 2006).  While citywide monitoring results on their own can provide sufficient 

information for a variety of research questions, they are also useful as comparative 

background data.  For example, Hutton (2005) used TBC data to determine the locations 

of non-native cavity-nesters in the Tucson area, whereas Skagen et al. (2005) used TBC 

data to study the importance of riparian areas as migration stopover sites in the 

southwestern US. 

 

Park and Route Programs   

The annual RP provides citywide data that allow comparisons of species 

abundances over the entire Tucson area, but data from the PMP enables the monitoring of 

populations at specific sites year-round.  Many Park sites are “birding hotspots” that 

contain habitat features attractive to birds, such as patches of natural desert or water 

sources. As a result, PMP sites often serve as ecological islands among commercial, 

industrial, and residential areas, making them particularly important for maintaining 

populations of birds within the city.  In many cases, results from the RP surveys suggest 

that a species is absent from the study area, but PMP surveys detect the species at sites 

within these areas.   

Of the 220 species recorded during PMP surveys, 51 of these species were not 

detected in RP surveys.  The species unique to the PMP fall into three main groups; 1) 

water-affiliated species, such as waterfowl and shorebirds, 2) species that are only found 

in the study area in the winter and fall, and 3) rare species. With naturally-occurring, 

permanent bodies of water non-existent in the Tucson area, the man-made lakes and 
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ponds at several of the PMP sites serve as stop-over and wintering habitats for species 

such as American Wigeon (Anas Americana), Green-winged Teal (Anas crecca), and 

Northern Pintail (Anas acuta) and shorebirds, including Least Sandpiper (Calidris 

minutilla) and Wilson’s Snipe (Gallinago delicata).  Other species, like the Northern 

Shoveler (Anas clypeata; with 2140 individuals observed at PMP sites and 0 at RP sites), 

and Sora (Porzana carolina; 17 individuals at PMP sites, 0 at RP sites) regularly occur at 

PMP sites year-round.   

While water attracts some species to PMP sites, other species are detected through 

the PMP because the program’s quarterly monitoring schedule permits the inclusion of 

species only present in the Tucson area in the cooler months, such as Lewis’s 

Woodpecker (Melanerpes lewis), Merlin (Falco columbarius), and White-breasted 

Nuthatch (Sitta carolensis).  Finally, several of the species unique to the PMP are 

considered “rare” in the study area (Corman and Wise-Gervais 2005), and while their 

detection may be a factor of the specialized habitats available at PMP sites, or the 

program’s year-round monitoring schedule, it may also simply be due to chance 

observations (several rare species have also been detected through RP surveys, but not 

PMP surveys). Several of these rare species, such as the American Goldfinch (Carduelis 

tristis), Grasshopper Sparrow (Ammodramus savannarum), Mexican Jay (Apthelocoma 

ultramarina), and White-eyed Vireo (Vireo griseus), have only been detected at a single 

site and during a single monitoring period.  The detection of these species, while too 

limited to be useful in tracking long-term distribution and abundance trends, is helpful in 

determining a more complete species list for the Tucson area.   
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 The presence of so many unique species at PMP sites demonstrates the 

importance of these ecological islands for maintaining bird populations within the Tucson 

area.  Due to the scarcity of natural habitats and permanent bodies of water in developed 

Tucson the RP, with its comparatively coarse resolution of ~1 km between sites, misses 

many of these locations. The finer spatial and temporal resolution of the PMP 

complements the design of the more extensive RP. 

Another benefit of the flexibility in locating PMP sites is that it has enabled the 

TBC to form partnerships with several other organizations that use the data collected 

through the project as part of their monitoring programs.  In partnership with Tucson 

Water, for example, the TBC monitors a local watercourse into which the utility recently 

began periodic discharges of reclaimed waste water.  The purpose of the surveys is to 

determine if the waste water augments bird populations in the area.  Similarly, the TBC 

monitors three sites in conjunction with Pima County Natural Resources, Parks, and 

Recreation, including an area scheduled to be developed into a regional recreation 

complex, allowing for the collection of pre- and post-development data.  Additional 

partnerships include the National Park Service, with which the TBC monitors birds at 

Saguaro National Park, and Tucson Audubon Society, which coordinates its candidate 

Important Bird Area surveys with the TBC PMP.    

 

The Tucson Bird Count and Christmas Bird Counts  

Results of the comparison between the CBC and TBC surveys indicate that in 

concurrent survey periods (winters of 2000-2001 to 2005-2006 for CBC; spring 2001 to 
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winter 2006 for TBC), both counts showed considerable overlap, yet definitive 

differences in the species recorded.  During this period, 195 species were recorded by the 

CBC, 165 of them shared with the 226 species recorded by the TBC (see Table 2 for 

species unique to one of the counts).  Many of the species recorded by only one of the 

programs are uncommon in the Tucson area, and were counted only once or twice.  Of 

these, many are shorebirds and waterfowl, such as Baird’s Sandpiper (Calidris bairdii) 

and Greater Scaup (Aythya marila) that pass through the area, stopping only temporarily 

at local water sources.  Several species, such as Townsend’s Solitaire (Myadestes 

townsendi) and Red-breasted Nuthatch (Sitta canadensis), are unique to the CBC due to 

their presence at elevations above 1,000 m, which are not part of the TBC study area but 

are included in the Santa Catalina Mountains portion of the CBC circle.  As expected, 

many of the species counted as part of the TBC, but not CBC, are typically present in the 

Tucson area only during the breeding season or pass through during spring and fall 

migration.   

 The design of the CBC allows participants to seek out and count rare species and 

visit a wide variety of habitats within the designated count circle (Dunn et al. 2005), and 

compare the results to those from other count circles across North America and over 

time.  With the TBC, participants survey the same sites each time, allowing comparisons 

throughout Tucson and over time.  The CBC also provides a general citywide snapshot of 

Tucson’s bird community in the winter, whereas the TBC provides spatially explicit data 

during the breeding season, and, through the PMP, quarterly throughout the year.  The 

CBC is certainly a useful tool for increasing our information about the avifauna in 
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Tucson, but it was purposefully designed as a broad-scale survey, and the methodology 

used does not allow for analyses of changes at specific sites within count circles.  The 

TBC, on the other hand, is designed specifically to monitor birds in the Tucson area, and 

the combination of the RP and PMPs has resulted in a comprehensive approach that 

allows us to track populations of birds in the area at both broad and fine scales.  When 

combined with information from other local bird studies, which may provide a more in 

depth view of particular species (e.g., Mannan and Boal 2000), data from the TBC and 

CBC provide essential components of an overall picture of Tucson’s bird community.   

 

Lessons Learned 

 The design of the TBC is a tradeoff between the need to collect data at many 

points over broad temporal and spatial scales and the availability of skilled observers.  As 

with many other long-term bird monitoring projects (such as the CBC, the USGS’s 

Breeding Bird Survey, and Cornell Lab of Onithology and Bird Studies Canada’s Project 

Feeder Watch) the TBC utilizes volunteer observers to collect data, which both reduces 

program costs and increases the number of sites that can be surveyed relative to a project 

that relies solely on a small team of paid researchers (McCaffrey 2005).  However, 

studies based on data collected by citizen science volunteers may be viewed as lacking 

the necessary scientific rigor to produce valid conclusions (Irwin 1995).  In order to avoid 

this perception, the TBC has several mechanisms in place to ensure the quality of the data 

gathered by volunteers, beginning with the requirement that participants’ birding abilities 

exceed an established minimum level.  Prior to participating in the TBC, potential 
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volunteers are asked to take an online test (which can be viewed at 

http://www.tucsonbirds.org/current/SelfTest.asp) designed to assess whether or not they 

are qualified.  While there are several additional determinants, a qualified observed will 

be able to identify most of the species of birds found in the Tucson area both quickly and 

correctly.  Additionally, routes are designed to be as near linear as possible, rather than 

clumped; this reduces spatial autocorrelation in observer identity, and facilitates detection 

of observers whose results deviate from those of similar nearby areas. Moreover, as 

participants enter their results at the TBC website, count data are subjected to review by 

TBC staff in the project’s Access database, with unusual results immediately flagged for 

additional investigation.   

 Yet, perhaps the most important way that the TBC manages scientific rigor lies in 

carefully limiting the ways the data collected are used. The design of the TBC is not 

appropriate for fine-scale comparisons of population densities among individual species 

or sites, but rather for examining the broader patterns of how and why species 

distributions are changing over time and across the study area.  This limitation is 

particularly important for other researchers to consider when designing similar 

monitoring programs.  This limitation could be at least partially reduced by adding a 

distance sampling component to the survey protocol, which would allow for corrections 

based on the differential observability of species to be made (Thomas et al. 2002).  

Although distance sampling was not included as part of the TBC from the outset, TBC 

staff have begun to explore its implementation. We recommend that it be considered for 

other bird monitoring programs from the start. 
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 A common concern when establishing citizen science programs is whether there 

will be enough skilled volunteers to adequately carry out the project.  Fortunately, one of 

the benefits of conducting an urban citizen science project is that there is typically a large 

potential volunteer pool to draw from.  The Tucson area has an active birding 

community, and both professional birding guides and many avid amateurs participate in 

the TBC (McCaffrey 2005). With a recent study (Cordell and Herbert 2002) indicating 

that there are more than 2 million birding “enthusiasts” (defined as birders who 

participate in birding more than 50 days a year) and 3.75 million “active” birders (defined 

as birders who participate in birding between 6 and 50 days a year) living in counties of 

more than 1 million people, there are likely sufficient number of adequately skilled 

volunteers in most cities. Additionally, there are options for beginning birders to become 

involved in programs like the TBC by partnering with more knowledgeable birders or 

attending training sessions, which will allow them to gain experience and develop their 

skills so that they may be able to fully participate in the future. 

   

A Global Perspective  

The goal of the TBC is to collect information that may suggest ways to maintain 

and promote populations of native birds in the Tucson area.  Yet, initial results 

demonstrate a need for similar efforts to occur elsewhere.  Many of the general patterns 

observed in the TBC data may apply to other cities, but habitat features vary widely 

across cities, and different species-specific solutions may be appropriate in different 

areas.  Recently, programs such as the Ottawa Breeding Bird Count 
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(http://www.glel.carleton.ca/ottawabirds/) and Fresno Birds (http://www.fresnobirds.org/) 

have applied the TBC model to other North American cities.  While each of these 

programs is designed to collect information on birds and the impacts of urbanization in 

their respective cities, there is the potential for an urban bird monitoring network which 

will allow for comparisons of results among cities.  

 The impacts of urbanization on birds in tropical areas, in particular, remains 

understudied (Chace and Walsh 2006), despite the rapid expansion of many tropical 

cities.  Given the richness and diversity of many of the avian communities in these areas, 

finding ways to limit the impacts of such growth are of particular importance to the 

conservation of biodiversity.  While specific results from the TBC may not provide 

solutions in these areas, the TBC can serve as a model on which other urban monitoring 

programs can be based.  By resolving many of the time-consuming and effort-intensive 

issues related to the development of a systematic urban bird survey, such as study design, 

database development, and count protocols, the TBC provides an example for other 

cities.  With skilled volunteers collecting most of the data, implementing such a 

monitoring project should also be relatively inexpensive. 

 The development of other long-term urban monitoring programs, both across the 

US and around the world, will allow us to develop a better understanding of how we can 

maintain sustainable populations of native birds in cities.  With such variation in 

environmental conditions, land use practices, and development patterns among cities, we 

could investigate the impacts of a much wider range of factors, resulting in a more 
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complete picture of which actions and conditions are amenable to supporting birds in an 

urbanizing world and which are not.  
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Table 1. Logistic regression model relating the probability of Abert’s Towhee presence 
within 101.5 m of a Tucson Bird Count survey site to watercourses of various flow rates 
and riparian vegetation in Tucson, AZ. 
 
 

 Wald’s X2 Probability Odds Ratio 

95% Confidence Intervals 

Lower Upper 

CFS 1a  0.04 0.841 1.06 0.568 1.94 

CFS 2a 0.14 0.713 0.855 0.347 1.87 

CFS 3a 0.77 0.380 1.44 0.598 3.10 

CFS 4a 5.76 0.016 2.04 1.12 3.62 

CFS 5a 4.35 0.037 3.30 1.01 9.71 

CFS 6a 39.88 <.0001 10.2 4.93 21.0 

Riparianb   35.07 <.0001 8.39 4.10 16.8 

a Average flow rate for each class of watercourse - CFS 1: <14.2 m3/sec; CFS 2: 14.2 
m3/sec to 28.3 m3/sec; CFS 3: 28.3 m3/sec to 56.6 m3/sec; CFS 4: 56.6 m3/sec to 283.2 
m3/sec; CFS 5: 283.2 m3/sec to 707.9 m3/sec; CFS 6: >707.9 m3/sec   
b Riparian vegetation 
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Table 2. Unique Bird species recorded within the Tucson area by the Christmas Bird 
Count (2000-2001 to 2005-2006), or the Tucson Bird Count (spring 2001-2006).  The 
165 species recorded by both programs are not included. 
 
Scientific Name Common Name  CBC TBC Note 

Aythya marila Greater Scaup ●  1 
Bucephala clangula Common Goldeneye ●  1 
Cyrtonyx montezumae Montezuma Quail  ● 1 
Aechmophorus occidentalis Western Grebe  ● 5 
Botaurus lentiginosus American Bittern ●  1,3 
Ixobrychus exilis Least Bittern  ● 1 
Egretta tricolor Tricolored Heron  ● 1 
Bubulcus ibis Cattle Egret  ● 1,3 
Plegadis chihi White-faced Ibis  ● 3 
Coragyps atratus Black Vulture  ●  
Pandion haliaetus Osprey  ● 3 
Asturina nitida Gray Hawk  ● 1,2 
Buteo swainsoni Swainson’s Hawk  ● 2 
Rallus limicola Virginia Rail ●  5 
Recurvirostra americana American Avocet  ● 2 
Tringa solitaria Solitary Sandpiper  ● 1,3 
Tringa melanoleuca Greater Yellowlegs ●  1,5 
Catoptrophorus semipalmatus Willet  ● 1,3 
Calidris bairdii Baird’s Sandpiper  ● 1,3 
Calidris melanotos Pectoral Sandpiper  ● 1 
Calidris alpina Dunlin ●  3 
Phalaropus tricolor Wilson’s Phalarope  ● 1,3 
Larus pipixcan Franklin’s Gull  ● 1,3 
Sterna hirundo Common Tern  ● 1 
Streptopelia risoria Ringed Turtle-dove  ● 1 
Streptopelia decaocto Eurasian Collared-Dove  ●  
Columbina passerina Common-ground Dove  ●  
Coccyzus americanus Yellow-billed Cuckoo  ● 1,2 
Glaucidium brasilianum Ferruginous Pygmy Owl  ● 1 
Micrathene whitneyi Elf Owl  ● 1,2 
Asio otus Long-eared Owl ●  1 
Chordeiles acutipennis Lesser Nighthawk  ● 2 
Phalaenoptilus nuttallii Common Poorwill  ● 2 
Chaetura vauxi Vaux’s Swift  ● 3 
Amazilia violiceps Violet-crowned Hummingbird ●  1 
Archilochus colubris Ruby-throated Hummingbird ●  1 
Archilochus alexandri Black-chinned Hummingbird  ● 2 
Stellula calliope Calliope Hummingbird ●  1,3 
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Selasphorus platycercus Broad-tailed Hummingbird  ● 2 
Selasphorus rufus Rufous Hummingbird  ● 3 
Sphyrapicus thyroideus Williamson’s Sapsucker ●  4,5 
Contopus cooperi Olive-sided Flycatcher  ● 3 
Contopus sordidulus Western Wood-pewee  ● 2 
Empidonax traillii Willow Flycatcher  ● 1,3 
Empidonax minimus Least Flycatcher  ● 1 
Empidonax hammondii Hammond’s Flycatcher  ● 3 
Empidonax oberholseri Dusky Flycatcher  ● 3 
Empidonax difficilis Pacific-slope Flycatcher  ● 3 
Empidonax occidentalis Cordilleran Flycatcher  ● 2 
Myiarchus tuberculifer Dusky-capped Flycatcher  ● 2 
Myiarchus tyrannulus Brown-crested Flycatcher  ● 2 
Tyrannus melancholicus Tropical Kingbird  ● 2 
Tyrannus verticalis Western Kingbird  ● 2 
Vireo bellii Bell’s Vireo  ● 2 
Vireo gilvus Warbling Vireo  ● 2  
Cyanocitta stelleri Stellar’s Jay ●  4 
Progne subis Purple Martin  ● 2 
Tachycineta bicolor Tree Swallow  ● 1,3 
Riparia riparia Bank Swallow  ● 3 
Petrochelidon pyrrhonota Cliff Swallow  ● 2 
Sitta canadensis Red-breasted Nuthatch ●  1,4 
Sitta carolinensis White-breasted Nuthatch ●  4 
Certhia americana  Brown Creeper ●  1,4 
Regulus satrapa Golden-crowned Kinglet ●  1,4 
Myadestes townsendi Townsend’s Solitaire ●  4,5 
Vermivora peregrina Tennessee Warbler  ● 2 
Vermivora ruficapilla Nashville Warbler  ● 3 
Vermivora virginiae Virginia’s Warbler  ● 2 
Vermivora luciae Lucy’s Warbler  ● 2 
Parula americana Northern Parula ●  1 
Dendroica pensylvanica Chestnut-sided Warbler ●  1,4 
Mniotilta varia Black and White Warbler ●  1,4 
Setophaga ruticilla American Redstart ●  1,4 
Basileuterus rufifrons Rufous-capped Warbler ●  1 
Icteria virens Yellow-breasted Chat  ● 2 
Piranga ludoviciana Western Tanager  ● 2 
Aimophila cassinii Cassin’s Sparrow  ● 1  
Spizella pallida Clay-colored Sparrow ●  1 
Ammodramus leconteii Le Conte’s Sparrow ●  1 
Passerella iliaca Fox Sparrow ●   
Melospiza georgiana Swamp Sparrow ●  5 
Zonotrichia querula Harris’s Sparrow ●  1 



   

 

96

Pheucticus melanocephalus Black-headed Grosbeak  ● 2 
Passerina caerulea Blue Grosbeak  ● 2 
Passerina amoena Lazuli Bunting  ● 3 
Passerina cyanea Indigo Bunting  ● 1,2 
Passerina versicolor Varied Bunting  ● 2 
Icterus bullockii Bullock’s Oriole  ● 2 
Icterus parisorum Scott’s Oriole  ● 2 
Carpodacus cassinii Cassin’s Finch ●  1,4 
Carduelis tristis American Goldfinch ●  5 
Notes: Comments on species occurrence sensu Corman and Wise (2005), and Sibley 
(2003):  1= only 3 or fewer records; 2= occurs within the Tucson area only during the 
breeding season; 3= migrant; 4= generally occurs at elevations above 1,000 m in Tucson 
area; 5= occurs in the Tucson area only during the winter.  
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FIGURE 1. Map of the Tucson, Arizona study area showing 2007 Tucson Bird Count 
Route Program (●) and Park Monitoring Program (●) survey sites, and the center (■) and 
extent of the Tucson area Christmas Bird Count circle. 
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FIGURE 2. Distribution of average abundance (2001-2006) at RP sites in the Tucson Bird 
Count study area for a) Gambel’s Quail and b) Rock Pigeons.  Although each site is 
randomly positioned within a 1 km2 cell, results are shown at cell centers for clarity. 
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APPENDIX D: USING CITIZEN SCIENCE IN URBAN BIRD STUDIES 
 
 
 

Abstract 

 Long-term monitoring projects and studies designed to survey large, variable 

areas often face a similar challenge: data collection. Researchers can sometimes 

overcome this obstacle by designing studies that utilize the skills of volunteers, or citizen 

scientists. Citizen scientists currently play active roles in a wide range of ecological 

projects, and their contributions have enabled scientists to collect large amounts of data at 

minimal cost. Because bird-watching is popular among members of the general public, 

bird-monitoring projects have been among the most successful at integrating citizen 

scientists. Several large-scale studies, such as the Christmas Bird Count and Breeding 

Bird Survey, have successfully relied on citizen scientists to collect data. As urban areas 

expand and scientists work to find ways to manage wildlife in cities, information about 

the associations among animals and urban environments is needed. By utilizing the large 

pool of potential participants in urban areas, citizen science–based studies can play an 

important role in collecting this information. One such study, the Tucson Bird Count 

(TBC), has successfully utilized citizen scientists to collect information on the 

distribution and abundance of birds across an urban area. The results from the TBC have 

been used in numerous scientific studies, and they are helping wildlife managers identify 

important sites for birds within the city, as well as land-use practices that sustain native 

birds. 
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Introduction 

The value of employing volunteers from the general public (i.e., citizen scientists) 

to collect data has been recognized for a long time, but there has been a recent surge in 

studies based on citizen science. Although many early citizen science programs were 

primarily conceived as educational tools—as a way to increase participants’ knowledge 

about science (Brossard, Lewenstein & Bonney, 2005)—there has been a growing focus 

on the use of citizen scientists to collect long-term data (Brewer, 2002; Evans et al., 

2005). For research projects that require many observers, such as studies designed to 

assess the status of local resources, establish baseline ecological measures, or identify the 

impacts of various activities on environmental quality, citizen scientists can be a 

remarkable resource (Ely, 2000; Altizer, Hochachka & Dhondt, 2004). In many cases, 

lone professional scientists, lacking the necessary funding and manpower, are unable to 

gather the broad-scaled yet detailed information that a cadre of citizen scientists can. As a 

result, citizen scientists are currently active participants in a wide range of ecological 

projects, including studies of macroinvertebrates and stream health (Fore, Paulsen & 

O’Laughlin, 2001), the status of reef fish and amphibian populations (Pattengill-

Semmens & Semmens, 2003; Ebersole, 2003), and the distribution and abundance of 

monarch butterflies in North America (Monarch Larva Monitoring Project, 2001). 

One area in which citizen scientists are widely utilized is in surveying and 

monitoring bird populations (Lepczyk, 2005). Several large-scale bird-monitoring 

projects, such as the Breeding Bird Survey (BBS; http://www.pwrc.usgs.gov/bbs/), 

Christmas Bird Count (CBC; http://www.audubon.org/bird/cbc/), and Project 
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FeederWatch (PFW; http://www.birds.cornell.edu/pfw/) rely on volunteers to collect 

data. The involvement of citizen scientists in these projects provides the sponsoring 

agencies (BBS = the United States Geologic Survey and the Canadian Wildlife Service, 

CBC = the National Audubon Society, PFW = the Cornell Lab of Ornithology and Bird 

Studies Canada) with data that allow them to generate detailed distribution maps for 

species throughout the United States and monitor changes in bird populations over time 

(Root, 1988; Sauer, 2003). Additionally, data collected through these programs have been 

utilized in numerous scientific studies (see LePage & Francis, 2002; Sauer, Hines & 

Fallon, 2003; Dunn et al., 2005).  

The benefits of incorporating citizen science into ecological research are not 

limited to the quantity of data that can be collected. Citizen science projects can also 

benefit the volunteers and the broader community. Volunteers not only gain experience in 

making observations and participating in a scientific study, they may also develop a 

greater sense of stewardship over the populations or sites they are responsible for 

surveying or monitoring (Carr, 2004). The broader community benefits from an increased 

sense of stewardship among the citizen scientists and from the fact that the data collected 

can serve to inform local planning and land-use decisions (Nerbonne & Nelson, 2004). In 

addition, when the results of citizen science projects are made accessible to the public, 

they can help to increase residents’ knowledge and appreciation of both their local 

ecological resources and the scientific process (Brewer, 2002).  

Despite the value of volunteers to research programs and the potential benefits to 

both participants and the broader community, citizen science–based projects have been 
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criticized for lacking scientific rigor (Irwin, 1995). In order to encourage the participation 

of volunteers, scientists design programs that attempt to both minimize the time and 

effort required of participants and maximize the output of usable data. As a result, the 

design of such programs is often a compromise. The CBC, for example, has been 

criticized because there is variability in volunteer effort among and within count circles, 

and because the count circles are not randomly located (Dunn et al., 2005). Lack of 

randomly located survey sites is an issue with many citizen science projects because sites 

tend to be clustered near population centers (where the majority of participants live) or in 

ecologically rich areas (which participants are more interested in surveying). Additional 

concerns about the quality of data collected by citizen scientists include variability in 

skill levels among volunteers, underreporting of negative results, and the impact of 

participants’ biases on data quality (Irwin). In response to these concerns, many existing 

projects have developed innovative ways to standardize data collection (Dunn et al.) to 

make analysis and interpretation of results more reliable. 

Given the increased interest in citizen science and the development of improved 

methods of data collection, researchers have begun to explore new opportunities for 

involving citizen scientists. One area in which there is significant potential for developing 

citizen science–based projects is in urban centers. While underrepresented in many 

traditional ecological surveys, studies based in urban areas have increased as more and 

more scientists are investigating the relationships between people and their environments 

(Marzluff, Bowman & Donnelly, 2001). Conducting comprehensive studies in urban 

areas frequently poses challenges to scientists because cities generally are large and 
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consist of variable environments. Collecting representative information from such large, 

diverse areas requires considerable manpower, and in urban areas citizen scientists can 

help meet this need.  

Among the more common types of ecological projects utilizing citizen scientists 

in urban areas are studies examining urban bird populations. Using information collected 

by residents, researchers in England have been able to investigate the distribution and 

geographical abundance of house sparrows (Passer domesticus) throughout London 

(Royal Society for the Protection of Birds, 2004). At urban and suburban sites throughout 

the Washington, D.C., area, citizen scientists are gathering data about the nesting success 

and survival rates of their backyard birds through the Smithsonian Institute’s 

Neighborhood Nestwatch Program (Smithsonian Institute, n.d.). The Cornell Lab of 

Ornithology currently has five ongoing citizen science–based studies targeting urban 

birds (Cornell Lab of Ornithology, 2004). Another project that has utilized citizen 

scientists to collect data on bird abundances and distributions in an urban area is the 

Tucson Bird Count (Tucson Bird Count, 2005). 

 

Case Study: The Tucson Bird Count 

The Tucson Bird Count (TBC) is a volunteer-based bird-monitoring project in 

Tucson, Arizona (Turner, 2003). The TBC was established in 2001 to acquire 

information about the distribution and abundances of birds throughout the Tucson area. 

Tucson has been the setting for many studies investigating the relationships among birds 

and urban environments (see Emlen, 1974; Tweit & Tweit, 1986; Mills, Dunning Jr. & 
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Bates, 1989; Germaine, Rosenstock, Schweinsburg & Richardson, 1998), but each of 

these studies was restricted in coverage, in space, or in time. Furthermore, nationwide 

bird-monitoring programs, like the CBC and the BBS, do not provide detailed 

information on birds in Tucson. The CBC includes a count circle in Tucson, but due to 

the nature of this project, surveys occur in the winter, when many species that breed in or 

migrate through Tucson are not present (National Audubon Society, 2005). And though 

the BBS surveys birds during the spring breeding season, urban areas are generally 

avoided in count circle placement (O’Connor et al., 2000), and there are no BBS survey 

sites in Tucson (Sauer et al., 2005).  

The long-term goal of the TBC is to help identify ways to restore and sustain 

native bird species (Turner, 2003). The initial design of the TBC focused on counting 

birds at random sites covering a wide range of environments throughout Tucson during 

the breeding season (the Route Program). The original sampling scheme allowed for 

inferences about bird/habitat associations to be drawn from the TBC data (Ramsey & 

Schafer, 2002), but several of the most bird-rich sites in Tucson were not included. As a 

result, the Park Monitoring Program was established as an additional component of the 

TBC. In the Park Monitoring Program, volunteers survey birds in their local parks, 

washes, or other areas of interest on a quarterly basis. Experience gained from designing 

the TBC program, recruiting volunteers, making the data available to the public and 

researchers, and confronting the challenges associated with such a study, can serve as an 

example for other researchers interested in establishing citizen science–based projects in 

urban areas. 
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 Study Design: The Route Program 

The design of the TBC Route Program is modeled after that of the BBS: One 

survey site is randomly located within each one-square-kilometer (1 km2) cell of a grid 

covering the Tucson area, following a stratified random sampling design (for a detailed 

description, see Turner, 2003). Adjacent sites are grouped into routes, with an average of 

ten sites per route. Using maps and information available at the TBC website 

(www.tucsonbirds.org), volunteers select a route (or routes) to survey. (Once a route is 

adopted, it is unavailable to other volunteers.) Each year between April 15 and May 15 

(the peak breeding season in Tucson), volunteers survey the sites along their route on a 

morning of their choice, conducting a five-minute unlimited-radius point count (per 

Blondel, Ferry & Frochet, 1981) at each site.  

In 2001, 661 randomly located sites on 63 routes in the Tucson area were 

surveyed (Tucson Bird Count, n.d.). With the exception of sites that have been relocated 

due to changes in accessibility or other disruptive factors, site locations are permanent, 

allowing for the same sites to be surveyed each year. Tucson has grown by more than 30 

square miles since 2000 (City of Tucson, 2005), and additional sites have been added to 

the Route Program in newly developing areas around the edges of the city. In 2005, 772 

sites on 72 routes were surveyed (Tucson Bird Count, n.d.; yellow dots in Figure 1). Due 

to the volunteer-based nature of the TBC and the fact that participants select the routes 

they want to survey, there is no guarantee that all routes will be adopted every year. As a 

result, each year a few routes are not surveyed. To avoid gaps in coverage, routes that 
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were not surveyed one year are given priority the following year, or are surveyed by TBC 

staff.  

 
Study Design: The Park Monitoring Program 

Locations monitored in the Park Monitoring Program (red stars in Figure 1) were 

selected by TBC personnel and volunteers and include neighborhood, city, and regional 

parks, washes, a national park, and other key birding spots (referred to as parks here). 

The number of survey sites per park varies from 3 to14, depending on the size of the site 

and the variability of environments contained within the park. To gain a better 

understanding of how Tucson’s bird populations change throughout the year and to detect 

species that may not be present during the Route Program survey period, parks are 

monitored four times a year: winter (January 15–February 15); spring (April 15–May 15), 

covering spring migration/breeding; summer (July 1–31); and fall (September 1–30), 

covering fall migration.  

Volunteers use a combination of point counts and transects to survey birds at park 

sites (Tucson Bird Count, 2005). To make sites monitored in the park and Route Program 

comparable, five-minute unlimited-radius point counts are conducted at most sites. 

However, at sites with relatively open and uniform environments (Sutherland, Newton & 

Green, 2004), or at sites where the structure of the vegetation is more conducive to the 

use of line transects (e.g., a wash bordered by riparian vegetation), participants survey 

200-meter transects for ten minutes (Bibby, Burgess & Hill, 1992). To reduce the chances 

of double-counting birds, point-count locations are separated by at least 250 meters, and 
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transects do not cross each other (Sutherland et al.). Currently, the TBC surveys 178 sites 

in 21 parks in the Tucson area through its Park Monitoring Program.  

 
TBC Participants 

The TBC is performed primarily by volunteer birders from the Tucson 

community. In order to ensure that data collected in the TBC is of high quality, 

participants must be knowledgeable birders. To participate in the TBC, volunteers must 

meet the project’s definition of a skilled observer, defined as “one who can identify the 

25 most common Tucson-area species quickly by sight or sound, is familiar with most 

other birds of the Tucson area, and may need quick reference to a field guide for certain 

less-common or difficult-to-separate species” (Turner, 2003). To determine if participants 

meet this criteria, volunteers are required to take a self-test at the TBC website prior to 

adopting a route.  

The presence of a large group of active and experienced birders in the Tucson 

area has been key to both the establishment and continuation of the TBC. At the initiation 

of the count, in 2001, volunteers were recruited through the Tucson Audubon Society 

newsletter, the Arizona/New Mexico birding e-mail listserv, and personal 

communications between TBC staff and local birders (Turner, 2003). Since 2001, new 

volunteers have been recruited through presentations about the TBC by project personnel, 

articles in the local media, and referrals from existing volunteers. In 2001, 51 primary 

observers and 30 additional observers participated in the Route Program, and 7 primary 

observers and 6 additional observers participated in the Park Monitoring Program. In 

2005, 58 primary observers and 29 additional observers participated in the Route 
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Program, and 21 primary observers and 18 additional observers participated in the Park 

Monitoring Program.  

To decrease the time and effort required of TBC personnel in recruiting new 

volunteers, an emphasis is placed on retaining skilled volunteers. Since 2001, an average 

of 79% of volunteers have returned from year to year. This relatively high rate (Bradford 

& Israel, 2004) is achieved by following several known principles of volunteer retention: 

creating motivation, providing options, and maintaining connectedness (McCurley & 

Lynch, 1997). The motivation for volunteers to initially and persistently participate in the 

TBC is in many cases related to the goal of collecting data that will be used to help 

sustain native birds in Tucson. All TBC participants are skilled birders, thus a project 

designed to aid in bird conservation and identify the distribution and abundances of birds 

throughout Tucson is closely aligned with the interests of the participants.  

Providing people with options that meet their level of interest in the program also 

aids in volunteer retention. For example, TBC participants can choose to take part in 

either (or both) the Route Program or the Park Monitoring Program, depending on their 

interests. Additional options are offered to participants as they select their route or park to 

survey, and they can change their selections from year to year. Participants changing the 

areas they survey could potentially reduce the consistency of results, but excessive 

changes have not happened. Rather, allowing participants this freedom and flexibility of 

selection has helped them find areas they are interested in monitoring long-term.  

Finally, connectedness is maintained between TBC personnel and project 

participants in several ways. First, the results submitted by each TBC participant are 
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available immediately and publicly on the TBC website, so volunteers are able to see 

how their results fit into the overall project. Second, via e-mail, articles in the Tucson 

Audubon Society newsletter, and a recently established annual newsletter, participants 

are regularly updated about the TBC’s results and how they are being used.  

 
TBC Website 

The TBC website was designed to facilitate participants’ involvement in the 

project, make the data collected through the project easily accessible to the public, and 

provide information about the project to interested parties. At the website, participants 

can register for the TBC, take the required self-test, view a map of available routes, select 

a route or park to survey, enter their data, and view results. Enabling participants to carry 

out these administrative tasks themselves reduces the burden on TBC personnel and 

speeds up the process. An additional benefit of participants entering their data via the 

website is a decreased risk of transcription mistakes, as participants themselves (as 

opposed to TBC personnel) are entering data that they recorded. The data is automatically 

recorded in the TBC’s digital database, allowing participants to immediately review their 

results (and make corrections, if necessary). To further ensure the validity of the data, 

TBC staff review all count results submitted, correct obvious errors, and contact 

participants to verify any unusual or unexpected observations.  

Results entered by participants are publicly available in real time on the TBC 

website in tabular format and as distribution maps. As a result, during each survey period, 

the tables and maps are constantly updated as participants enter new data. By clicking on 

any of the survey sites on a distribution map, users can view which other species were 
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observed at the site. The results and distribution maps from previous Route and Park 

Monitoring Program surveys can also be viewed at the website, allowing users to see how 

the distributions or abundances of various species have changed over time. An additional 

tool available on the TBC website is the Bird ID Center. At this page, users can view 

photos, hear the calls, and read an identification description from the USGS Patuxent 

Bird Identification Center (Gough, Sauer & Iliff, 1998) for more than 150 species found 

in the Tucson area. 

The results and information available at the TBC website are also intended to 

inform researchers and local decision makers about the TBC and the data available from 

it. One of the advantages of having the TBC data in a digital database is that this data can 

be easily accessed by other users (Dunn et al., 2005). The TBC website contains a listing 

of projects, presentations, and publications that have made use of the TBC data so far. 

 
Results  

General Species Distribution Patterns 

Data collected by citizen scientists through the TBC has enabled the generation of 

detailed Tucson-area distribution maps for more than 200 bird species. These maps 

indicate that many species follow distinct distribution patterns in Tucson. A group of 

native desert birds, exemplified by Gambel’s quail (Callipepla gambelii), have similar 

distributions, with relatively high numbers of individuals on the less developed edges of 

Tucson, but few individuals occupying the city’s more urbanized center (Turner, 2003; 

Figure 2). Rock pigeons (Columba livia), on the other hand, are among a group of species 

that exhibit the inverse pattern, reaching their highest abundances toward Tucson’s urban 
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core (Figure 3). Other distribution patterns are apparent in the data, including the 

restriction of some species to riparian areas and the concentration of others in areas of 

relatively dense native woodlands (Turner). Some bird species, such as mourning doves 

(Zenaida macroura), Gila woodpeckers (Melanerpes uropygialis), and house finches 

(Carpodacus mexicanus) have been counted in relatively high numbers at almost every 

survey point (Figure 4). Yet species more sensitive to development, such as the rufous-

winged sparrow (Aimophila carpalis), are found in relatively small numbers and only at 

the very edges of the city (Figure 5).  

 

Differences Between the Route and Park Monitoring Programs 

Since the initiation of the TBC in 2001, participants have recorded more than 

164,000 birds representing 212 species. A total of 158 species have been recorded 

through the Route Program, and a total of 202 species have been recorded through the 

Park Monitoring Program. Fifty-four species observed through the Park Monitoring 

Program have not been counted through the Route Program. This difference is largely 

attributable to two factors. First, Tucson has a semiarid climate, and wetlands are 

relatively rare among the randomly located sites in the Route Program; however, several 

of the locations monitored in the Park Monitoring Program contain ponds, lakes, or 

rivers. As a result, many water-associated species, such as the American wigeon (Anas 

americana), have only been observed at park locations (Figure 6). Second, the more 

intensive nature of the Park Monitoring Program, with its quarterly monitoring and 

multiple sites per bird-rich location, has resulted in sightings of several less common 



   

 

112

species, such as the golden eagle (Aquila chrysaetos), Lewis’s woodpecker (Melanerpes 

lewis), and Hammond’s flycatcher (Empidonax hammondii), not found in the Route 

Program.  

Despite these differences, both programs are complimentary projects designed to 

provide us with a better understanding of the distribution and abundance of birds in 

Tucson, as well as which sites are particularly important for birds. Through the Route 

Program we collect data annually from hundreds of sites across the Tucson area, and this 

allows us to understand better the distribution of birds citywide and monitor year-to-year 

changes in Tucson’s bird population. Through the Park Monitoring Program, we collect 

year-round data at several bird-rich sites, and this helps us develop a more complete 

picture of all the bird species that occur in Tucson and evaluate the importance of these 

park locations to birds. 

 
How the TBC Results Have Been Used 

Scientists have used TBC results to assess how species respond to different types 

of land use (Turner, 2003), investigate the relationship between the distribution of birds 

and people in Tucson (Turner, Nakamura & Dinetti, 2004), and examine the effects of 

nonnative cavity-nesting birds on the health of saguaro cacti (Carnegiea gigantea; 

Hutton, 2005). In addition, data from the TBC have served as baseline information for a 

number of scientific studies, ranging from an investigation of the impact of West Nile 

virus on Tucson’s birds to a comparison of riparian birds in Tucson and Phoenix riparian 

areas. The TBC data has also been used in local land-use planning (Pima County, 2004), 

and to evaluate potential sites for natural resource parks (Rosen & Mauz, 2001).  
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Challenges and Lessons Learned 

While the TBC is an example of how citizen science and urban ecological 

monitoring can be integrated, executing such a program poses challenges. Both 

components of the TBC—the citizen scientists and the urban setting—have presented 

obstacles over the program’s five-year history. All TBC volunteers are required to take a 

self-test prior to registration to ensure that they meet minimum requirements, but 

variation remains among participants’ abilities to detect birds by sound and sight. With 

the TBC, this hurdle is overcome in survey design (routes are arranged so that multiple 

observers cover any one part of Tucson) and during data analysis (patterns of distribution 

and abundance are analyzed at broad scales, rather than at specific points, reducing 

potential observer biases). The volunteer nature of a citizen science–based project also 

poses challenges. With the TBC, this has manifested itself in the difficulty in getting 

certain routes monitored—those that are deemed less “birdy” or are otherwise 

unattractive to participants. In Tucson, many of these routes are clustered in one region of 

the city, and the less frequent monitoring of these routes has led to gaps in the TBC’s 

citywide coverage. Initial attempts to combat this problem by encouraging existing 

participants to adopt these routes were relatively unsuccessful. To solve the problem, 

future efforts to increase monitoring in gap areas will center on 1) working more directly 

with local residents, many of whom are minorities, to involve them in the TBC; and 2) 

establishing a core set of participants willing to cover the highest-priority unadopted 

routes each year.  
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All long-term monitoring projects encounter changes in the environment 

surrounding their monitoring sites, but projects conducted in urban settings may 

encounter such changes at a more rapid rate. For the TBC, such changes have often 

resulted in difficulty accessing established sites due to land-use changes. The conversion 

of public land to private land, the gating of large, residential neighborhoods, expansion of 

roads, and new construction have all impacted TBC sites, requiring some to be relocated. 

To keep site relocations to a minimum and to provide stable monitoring sites for the 

future, all TBC sites were recently evaluated, and sites in danger of future relocation were 

moved to nearby positions expected to be more permanent. Key to the changing nature of 

the TBC’s urban setting is Tucson’s ongoing expansion. In order to continue to provide 

citywide information on Tucson’s birds, the TBC has had to expand as well, adding new 

routes as needed. While such expansion ensures that the TBC keeps pace with Tucson’s 

boundaries, it also requires additional volunteers and TBC personnel time to establish the 

routes. 

 
Conclusions  

The TBC demonstrates the value of utilizing citizen scientists to collect citywide 

data for monitoring urban birds. Currently, the TBC is the only recurring volunteer-

based, citywide urban bird-monitoring project in the world (Turner, 2003). Lessons 

learned through the TBC about study design, volunteer management, and the importance 

of making results available and useful may be helpful in the establishment of other urban 

bird-monitoring projects. Urban areas offer enormous potential for citizen science 

projects, not least because a large number of prospective volunteers are already in place. 



   

 

115

The ecology of urban areas is a growing field that requires further investigation; the type 

and scope of information citizen scientists can provide is invaluable. In the case of bird-

related projects, there is the additional advantage that many experienced birders are 

interested in participating in projects designed to benefit birds, and they bring an 

established skill set to the project.  

The breadth of data that can be collected by an organized group of citizen 

scientists allows researchers to conduct studies that might otherwise be impossible: 

Patterns of distribution and abundance can be mapped on a large scale and surveys can be 

regularly repeated, enabling researchers to monitor changes in populations over time. 

Results from these studies can be invaluable in identifying key areas of ecological 

importance within a city and tracking how changes in land use and other environmental 

factors influence bird communities. As urban areas expand, determining how populations 

of native wildlife can be sustained in cities is becoming more important. Data collected 

by citizen scientists can be a vital tool in helping meet this challenge. 
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Figure 1. Map of the Tucson Bird Count study area showing major washes, roads, Route 
Program survey sites, and Park Monitoring Program locations. 
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Figure 2. Distribution and abundance of Gambel's quail across the Tucson Bird Count 
Route Program study area. Although actual survey site locations are randomly located 
within each 1-km² cell, results are shown at cell centers. 
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Figure 3. Distribution and abundance of rock pigeons across the Tucson Bird Count 
Route Program study area. Although actual survey site locations are randomly located 
within each 1-km² cell, results are shown at cell centers. 
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Figure 4. Distribution and abundance of mourning doves across the Tucson Bird Count 
Route Program study area. Although actual survey site locations are randomly located 
within each 1-km² cell, results are shown at cell centers. 
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Figure 5. Distribution and abundance of rufous-winged sparrows across the Tucson Bird 
Count Route Program study area. Although actual survey site locations are randomly 
located within each 1-km² cell, results are shown at cell centers. 
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Figure 6. Distribution and abundance of American wigeon at the Tucson Bird Count 
Park Monitoring Program locations. Park locations are shown in yellow, with count 
results shown in green. 
 

 


