
   

 
CITIZEN-SCIENCE MONITORING OF BIRDS IN URBAN 

GREENSPACES 
 
 
 
 

A DISSERTATION 
SUBMITTED TO THE FACULTY OF THE GRADUATE SCHOOL 

OF THE UNIVERSITY OF MINNESOTA 
BY 

 
 
 
 

Tania Z. Homayoun 
 
 
 
 
 
 

IN PARTIAL FULFILLMENT OF THE REQUIREMENTS 
FOR THE DEGREE OF 

DOCTOR OF PHILOSOPHY 
 
 
 

Robert B. Blair, Adviser 
 
 
 
 

May 2011 



   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

© Tania Z. Homayoun, 2011



  i 
 

 
ACKNOWLEDGEMENTS 
 
First and foremost, I would like to thank my adviser Rob Blair for his support, guidance, 

honest feedback, and extreme patience, especially during the collapse of my initial 

dissertation project. I would also like to thank my committee members: Francie Cuthbert, 

who first suggested to me that I could turn that Important Bird Area assistantship into a 

PhD project; Karen Oberhauser, for fostering my interest and experience in citizen 

science and providing insightful feedback on Chapter 2 in preparation for publication; 

Laura Musacchio, for helping me look at conservation and landscape through a whole 

new lens; and Tom Will, for encouraging me to connect my work to a larger sphere of 

like-minded efforts.   

 

I would like to express my gratitude to my fellow graduate students in the Blair Lab for 

stimulating conversation, encouragement, and thoughtful feedback on this project. Your 

humor, enthusiasm, and friendship kept my spirits up especially when the going got 

tough. 

 

This project would never have been possible without support from Mark Martell at 

Audubon Minnesota. Thank you also to my hard-working field assistant Rob Severson, 

who braved a brutal June field season to help me collect count data for Chapter 3, and 

Todd Arnold whose suggestions regarding Chapter 3 were greatly appreciated. Finally, I 

extend a special thanks to all the volunteers for the Mississippi River Twin Cities 

Important Bird Area Landbird Monitoring Program, whose dedicated work is the heart 

and soul of this project: Elizabeth and Tom Bell, Clay Christensen, Val Cunningham, 

Diana Doyle, Paul Egeland, Stephen Fuqua, Don Harrington, Lee Pfannmuller, Julian 

Sellers, Jeanne and Steve Tanamachi, Sherry Taplin, Kyle TePoel, Jennifer Vieth, and 

Linda Whyte. Special thanks to Stephen Fuqua for applying his database and 

programming expertise to this project in support of Chapters 4 and 5. 

 



  ii 
 

Funding for my early forays into dissertation research was provided by a University of 

Minnesota Graduate School Fellowship, the Dayton Research Fellowship Fund, and a 

Conservation Biology Summer Fellowship. Funding for this project was provided by the 

Mississippi River Fund and the Katherine B. Anderson Fund of the St. Paul Foundation 

via Audubon Minnesota. Funding for the design and construction of 

www.ibamonitoring.org was supported by a Migratory Bird Conservation in the Upper 

Midwest Grant from the U.S. Department of the Interior, Fish and Wildlife Service. 

Travel grants from the University of Minnesota Conservation Biology Graduate Program 

and the University of Minnesota Graduate & Professional Student Assembly made 

conference presentations possible.  

 

Thank you to my family for being supportive of this entire process and always believing 

in me. And, finally, I would like to thank my husband Stephen, for supporting me every 

grueling step of the way, keeping me grounded and sane, and applying both his passion 

for nature and his programming skills to this project.  



  iii 
 

DEDICATION 
 
 
 
 
To my family, human and feathered. 
 
 
 
 
To my grandmothers, Zarrin Homayoun and Nellie Gibbon, women who never let a lack 

of formal educational opportunities keep them from learning. 

 



  iv 
 

ABSTRACT 
 

As urban development spreads across North America, native migratory bird species face 

threats not only to breeding habitat but also to the stopover habitat they require to rest and 

refuel. The Mississippi River Twin Cities Important Bird Area (IBA) covers over 14,000 

ha of residential, commercial, and open space along the Mississippi River between 

Minneapolis and Hastings, Minnesota. Identified as valuable habitat to waterbirds, we 

know less about how landbirds, especially migrating songbirds, use this habitat. This 

dissertation explores the process of designing and evaluating a citizen-science monitoring 

program to evaluate this urban IBA and analysis of the collected data to better understand 

relationships between urbanization and IBA landbird communities during both spring 

migration and breeding seasons.  

 

Citizen science has emerged as a powerful tool in assessing the status of natural resources 

such as migratory birds. The Mississippi River Twin Cities IBA Landbird Monitoring 

Program is a citizen science project that engages local birders in counting the IBA’s 

landbirds. The program’s main goals are to (1) inventory landbird species that use the 

area, (2) determine these birds’ use of the area during migration and breeding seasons, (3) 

use these data to estimate landbird species abundance, and (4) evaluate long-term trends. 

During the 2007 pilot season, 13 citizen scientists working on 7 park-reserve sites within 

the IBA recorded 126 landbird species. 

 

An assessment of the program’s 2007 pilot season suggested that there was considerable 

variation in the point-count data collected by teams of citizen scientist birders. In 2008, I 

performed a targeted assessment of three related point-count techniques with the goal of 

identifying one optimal for use in this citizen science project as defined by maximization 

of species recorded, maximization of species detection probabilities, and overall 

flexibility/ease of use. Although adding a second observer to the team significantly 

increased the number of species recorded, the decision as to which method to use in a 

given citizen-science landbird survey will depend on the objectives, available human 

resources, project priorities, and the required level of data reliability.  
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I analyzed the program’s point count data to investigate the relationships between land 

cover surrounding urban park study sites in the Mississippi River Twin Cities IBA and 

the composition of landbird communities present in the IBA during spring migration and 

summer breeding seasons, and to evaluate this habitat’s value to both migrating and 

breeding landbirds. For both seasons, I calculated species richness, diversity, and 

evenness for landbird communities at each site and grouped species into three 

conservation classes and four migration classes. Species richness, diversity, evenness, 

and native migrant landbird densities responded negatively to increased impervious 

cover. Generally, the response in landbird community measures was more pronounced 

during breeding season than during migration, suggesting that even lower-quality bird 

habitat within the IBA may serve migrating birds. Management of land targeting 

breeding birds should aggressively mitigate the impacts of surrounding urban 

development within 250m of IBA sites.  

 

In support of this program, I designed a website and online data entry system that houses 

the program materials and allows citizen scientists to submit their data into a quality-

controlled database. This site also provides users with immediate results reporting in a 

number of formats and serves as a valuable tool for public outreach, habitat management, 

and conservation planning. Additionally, the data are formatted for sharing with the 

Avian Knowledge Network, enabling this local project to contribute to larger-scale 

population assessments. 

 

Conservation of native bird populations will require both breadth and depth of 

understanding and effort reaching from the continental to the local levels. This study 

provides a template for the process of developing a small-scale local citizen-science 

monitoring program, from planning and pilot season, to analysis, reporting, and 

connection of the program data to a larger coordinated bird monitoring scheme. 
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Urban areas are quickly becoming one of the most influential landscapes on the planet. 

More than half of the world’s population now lives in cities and surrounding metropolitan 

areas (UNFPA 2007), and up to half of the planet’s surface has been impacted in some 

form by human activities (Vitousek et al. 1997). Much urban and suburban growth takes 

the form of leapfrog development, in which land at the city periphery is developed before 

land closer to the urban core is fully utilized (Heim 2001). The result is a high contrast 

environment where buildings and impervious cover meet remnant vegetation (Marzluff 

and Ewing 2001). As native ecosystems are converted to human-dominated landscapes, 

their floral and faunal communities, land use patterns, hydrology, chemical cycling, and 

trophic flows are altered (Pickett et al. 2001; Alberti 2005), transforming these 

landscapes into unique coupled human-natural systems, in which human activity and 

ecological functions are linked through a complex web of feedbacks (Liu et al. 2007). In 

general, as the percentage of urban land use increases, species richness decreases and 

native species are replaced by invasives or species commensal with human activity 

(McKinney 2002).  

  

Increased urbanization has a variety of effects on native bird communities. As with other 

organisms, bird species richness decreases with increasing urbanization, often peaking at 

intermediate levels of development (Blair 2004; Marzluff 2005). However, native “urban 

avoider” species that are predominant in undisturbed habitats are replaced in built 

landscapes by “urban exploiters,” species that thrive on the suite of changes driven by 

human land uses (Blair 1996; Blair and Johnson 2008). The result is a homogenization of 

bird communities that is repeated in cities across the world (Beissinger and Osborne 

1982; Blair 2001; Chace and Walsh 2006; Clergeau et al. 2006).  

 

Over the past several decades, migrant songbirds have emerged as one of the most 

threatened bird groups in the Americas. Species that have shown the sharpest population 

declines usually winter in South and Central America and migrate to heavily forested 

North American breeding grounds (Askins 1995). Much of this decline is attributed 

directly to anthropogenic land changes; as new housing developments and retail districts 
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fragment forests, critical breeding habitat is lost and that which remains becomes subject 

to increased edge effects. In some areas, nest parasitism and predation in fragmented 

forests is extensive enough that these areas may be acting as sinks for some songbird 

species and may only be viable as long as they are repopulated by overflow from larger, 

intact forests (Robinson et al. 1995). However, even fragmented urban habitat patches 

that are not capable of sustaining resident breeding populations may have value as habitat 

for migrating songbirds. As migrants move north from their wintering grounds, they need 

to stop and refuel in order to arrive on their breeding grounds in suitable condition to 

establish territories and attract mates. Urban forests can offer varying levels of resources 

to Neotropical migrants ranging from “fire-escapes” that provide an emergency stop to 

moderate-quality “convenience stores” where birds can stop for a few days to rest and 

replenish their energy stores (Mehlman et al. 2005). With the accelerating conversion of 

land to human-dominated uses, conservation and management of native bird populations 

will require a deeper understanding of how urbanization impacts both resident and 

migrating birds.  

 

Urbanization also affects the humans who inhabit cities and suburbs. Life in urban 

environments can have a variety of negative impacts on human denizens. In addition to 

compromised air and water quality, residents of highly developed areas tend to be 

concentrated in areas that have low levels of biodiversity (Turner et al. 2004). The lack of 

contact with and connection to the natural world can lead to a general shift in urban 

residents’ perceptions of naturalness. Over time, this can result in environmental 

generational amnesia (Kahn 2002), where successive generations come to see their 

increasingly degraded surroundings as the baseline of natural. Because contact with 

natural areas has been linked to pro-environmental attitudes and behaviors (Vaske and 

Kobrin 2001), this disconnect from nature may have serious implications for public 

support for conservation initiatives and land use planning.  

 

One strategy for connecting urban residents with natural environments is through citizen-

science projects. Citizen science, in which volunteers collect data for research projects, 
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usually of an applied nature (Trumbull et al. 2000), is an emerging means of natural 

resource monitoring. A volunteer-based approach to monitoring has many potential 

advantages: collection of larger amounts of data, decreased operating cost, and 

community education and outreach (Danielsen et al. 2005; Brossard et al. 2005). Citizen 

scientists have participated in a variety of programs, monitoring water quality (Savan et 

al. 2003), insects (Monarch Larva Monitoring Project), reef fishes (Pattengill-Semmens 

and Semmens 2003), and birds. 

 

Citizen science has the potential to connect urban residents with biodiversity-rich local 

natural areas through monitoring and inventory programs. Many suburban and urban 

areas are close to habitats potentially valuable to native birds. Over the past two decades, 

the Important Bird Areas (IBA) program has become a globally recognised initiative that 

seeks to identify habitats that are of high conservation value to avifauna around the world 

and pursue conservation initiatives to permanently protect these areas. A site may be 

designated as an IBA if it protects (1) endangered, threatened, or species of concern; (2) 

endemic or limited-range species; (3) species limited to a specific biome or habitat type; 

(4) large assemblages or colonies of breeding or migrating birds (North American IBA 

Technical Committee 1999). Beyond identifying high-value sites, the IBA program 

involves developing, with local partners and stakeholders, conservation and monitoring 

plans for each site (e.g. Cheskey and Wilson 2001). Data collected during monitoring can 

be used to complete a bird inventory of the IBA, track trends in bird populations, and 

provide guidance for land planning and management. 

 

This dissertation explores the intersection of landbird conservation in urban areas, 

citizen-science monitoring, and the Important Bird Areas program. The goal of this 

project is to assess the impact of urbanization on migrating and breeding landbird 

communities, and to present a framework for local communities to engage their citizens 

in bird monitoring and conservation. This project focuses on the Mississippi River Twin 

Cities IBA, 14,751 ha of open space, residential, and industrial land uses along the 

Mississippi River from downtown Minneapolis, MN to near Hastings, MN. Within this 
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study system, I examine various aspects of landbird monitoring in urban greenspaces, 

including conception of a citizen-science monitoring program and protocol and a pilot 

season evaluation, an assessment of the utility of several bird survey techniques for 

citizen-science bird monitoring in urban areas, and the value of riparian urban 

greenspaces to both migrating and breeding landbird communities using data collected 

via the monitoring program. These topics will be investigated in three chapters.  

   

Chapter 2: Citizen-science monitoring of landbirds in the Mississippi River Twin Cities 

Important Bird Area  

This chapter addresses the development and pilot season of the Mississippi River Twin 

Cities IBA Landbird Monitoring Program, a citizen-science initiative that aims to collect 

point count data on landbirds during both spring migration and summer breeding seasons 

in the IBA’s parks and greenspaces along the Mississippi River. I summarize both the 

pilot season count data and the results of a volunteer feedback survey, and identify areas 

in the program and protocol that would benefit from further refinement and development. 

 

Chapter 3:  Comparison of point count methodologies in citizen-science landbird 

monitoring  

This chapter focuses on the issues surrounding point count protocols in citizen-science 

landbird monitoring. I compare data collected on a site in the IBA by two observers using 

three different point-count techniques to assess the advantages and disadvantages of each 

for use in citizen-science monitoring. To do this, I examine each technique with respect 

to maximization of species recorded, maximization of species detection probabilities, and 

overall flexibility/ease of use.  

 

Chapter 4:  Seasonal value of urban Mississippi River Twin Cities Important Bird Area 

habitat to migrating and breeding landbirds 

This chapter explores the relationships between land covers in and around the Mississippi 

River Twin Cities IBA and the landbird communities present during both spring 

migration and the summer breeding season. I use percent impervious cover at 0m, 50m, 
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100m, 250m, 500m, 800m, and 1000m to establish sampling sites along an urbanization 

gradient, and calculate percent impervious cover, forest, tall grass, and turf/golf at 0m, 

50m, 100m, and 250m. For both seasons, I calculate species richness, diversity, and 

evenness for landbird communities at each site and group species into three conservation 

classes and four migration classes. Using these measures, I describe how the IBA’s 

landbird community varies across sites with land use/cover and between seasons.  

 

Chapter 5: IBAmonitoring.org: an online data entry portal for the Mississippi River 

Twin Cities IBA Landbird Monitoring Project 

This short chapter provides documentation of http://www.ibamonitoring.org, the online 

data entry portal and website for the Mississippi River Twin Cities IBA Landbird 

Monitoring Project. In addition to background about the website and database, I will 

provide resource materials for the monitoring program and user guides to the site’s 

features including: 

• Volunteer manual introducing the project and protocols 

• Site information and point count data sheets 

• Downloadable maps of sampling sites 

• Data entry tutorial document (includes screenshots of the site) 

• Data results and reports tutorial (includes screenshots of the site) 
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As urbanization alters undeveloped landscapes, conservation of remnant native habitats is 

increasingly important. Citizen science has emerged as a powerful tool in monitoring 

these developed areas. The Mississippi River Twin Cities Important Bird Area (IBA) 

covers nearly 14,751 ha of bird habitat along the Mississippi River between Minneapolis 

and Hastings. While we know this area’s value to waterbirds, we know less about how 

landbirds, especially migrating songbirds, use this habitat. To address this issue, 

Audubon Minnesota supported the development of a landbird monitoring program using 

volunteer birders to perform point count surveys during both migration and breeding 

seasons. During the 2007 field season, 13 citizen scientists working on 7 sites within the 

IBA recorded 126 landbird species. This program has great potential to provide data on 

bird assemblages that may aid in management, as well as provide volunteers with the 

opportunity for stewardship and engagement with nature. 

 

KEY WORDS: citizen science, Important Bird Area, monitoring, passerines 

 

 French title Un programme de surveillance des oiseaux terrestres en utilisant des 

bénévoles ornithologues en Le Mississippi River Twin Cities Important Bird Area 

 Résumé  Parce que l'urbanisation modifie le paysage naturel, la conservation des 

habitats non-développés est de plus en plus importante. Des bénévoles ornithologues sont 

devenue un outil puissant de gérance surtout dans les zones urbaines. Le Mississippi 

River Twin Cities Important Bird Area (IBA) couvre près de 14 751 hectares d’habitat 

pour oiseaux le long du fleuve du Mississippi entre Minneapolis et Hastings. Bien qu’on 

sache beaucoup a propos des oiseaux aquatiques, moins d'informations est connue sur les 

oiseaux terrestres, surtout les oiseaux chanteurs migrateurs qui utilisent cet habitat. Pour 

traiter cette question, Audubon Minnesota prenantes ont choisi d’élaborer un programme 

de surveillance des oiseaux terrestres en utilisant des bénévoles ornithologues pour 

effectuer des enquêtes a différent points d’observation au cours de deux saisons de 

reproduction et de migration. Durant le printemps et l'été 2007, 13 bénévoles 

ornithologues ont travaillé sur 7 sites de l'IBA. Ils ont enregistré 126 espèces d'oiseaux 
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terrestres. Ce programme a le potentiel de fournir des données sur des assemblages 

d'oiseaux qui est susceptible d'aider à la gestion de l’IBA, ainsi que de permettre aux 

bénévoles et à la communauté de participer dans la protection de ce terrain et d'engager 

avec la nature.
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INTRODUCTION 

The increase in anthropogenic land use across the world is driving profound changes to 

native ecosystems. Between 40 and 50% of the planet’s surface has in some way been 

altered by human activities (Vitousek et al. 1997). Urbanization in particular can effect 

drastic changes in bird community composition and populations. As the intensity of 

urban land use increases, non-native bird species replace native ones, resulting in a 

pattern of bird community homogenization that is repeated across the globe (Blair 2004, 

Chace and Walsh 2006, Clergeau et al. 2006).  

 

Over the past several decades, migrant songbirds have emerged as one of the most 

threatened bird groups in the Americas. Many species with sharp population declines 

winter in Mexico, South and Central America, and the Caribbean and migrate to breed in 

North American forests, shrublands, and grasslands (Askins 1995, Rich et al. 2004). 

Much of this decline is attributed directly to anthropogenic land changes; new 

developments fragment forests, critical breeding habitat is lost, and that which remains 

becomes subject to increased edge effects. In some areas, nest parasitism and predation in 

fragmented forests is extensive enough that these areas may be acting as sinks for some 

songbird species; populations in the fragments may only be viable as long as they are 

repopulated by overflow from larger, intact forests (Robinson et al. 1995). However, even 

fragmented urban habitat patches incapable of sustaining resident breeding populations 

may offer important resources to Neotropical migrants (Mehlman et al. 2005).   

 

Understanding the potential value of urban habitat patches to songbirds during migration 

is an important aspect of a comprehensive conservation strategy. Monitoring data may 

suggest better land management practices that can make the urban matrix more hospitable 

to native bird species (Savard et al. 2000, Marzluff and Ewing 2001).  

 

Citizen science consists of using non-scientist volunteers to collect scientific data to be 

used by scientists to answer research questions (Trumbull et al. 2000). Citizen science is 

being recognized as an increasingly powerful tool in environmental monitoring. 
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Volunteers have assisted in data collection across a diversity of programs monitoring 

everything from water quality (Savan et al. 2003) to reef fishes (Pattengill-Semmens and 

Semmens 2003), butterflies (Prysby and Oberhauser 2004), and birds (Breeding Bird 

Survey, Christmas Bird Count).  

 

There are numerous advantages to using a citizen-science approach to monitoring. The 

use of volunteers can allow researchers to collect large amounts of data affordably 

(Danielsen et al. 2005). Natural resource monitoring programs can provide an 

opportunity for community education/outreach (Brossard et al. 2005) and encourage a 

sense of stewardship for natural areas/resources (Ryan et al. 2001). Volunteer programs 

also are a good bet to outlive their counterparts in government agencies.  The Christmas 

Bird Count, for example, has been running since 1900.  Volunteers and citizen scientists 

tend to “own” their part in the program, taking the responsibility seriously for the long 

term. 

 

However, the robustness of the data collected by volunteers is frequently questioned, and 

the limited skill of volunteers compared to professionally trained researchers may impose 

constraints on certain types of data collection and analysis (Penrose and Call 1995, Engel 

and Voshell 2002). On the other hand, many of the most expert birders in the world do 

not work as professional biologists. 

 

Started in the early 1980s by BirdLife International, the Important Bird Area (IBA) 

program (CEC 1999) has become a globally recognized initiative that identifies habitats 

of high conservation value to avifauna and pursues conservation initiatives to 

permanently protect these areas. An IBA is a site that contains habitat critical to birds 

during any phase of their lives (Chipley 1999). Beyond identifying high-value sites, the 

IBA program involves developing, with local partners and stakeholders, conservation and 

monitoring plans for each site. Data collected during monitoring can be used to complete 

a bird inventory of the IBA, track trends in bird populations, and provide guidance for 

land planning and management.  
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In this paper we discuss the Mississippi River Twin Cities IBA Landbird Monitoring 

Program, an initiative that engages volunteer citizen scientist birders in counting 

landbirds in this highly urbanized IBA. This case study highlights the process of 

developing a bird monitoring strategy tailored to volunteers and an urban landscape, 

assesses the outcomes of the first monitoring season, and suggests potential 

improvements to the protocol and key considerations for similar initiatives. 

 

METHODS 

Mississippi River Twin Cities Important Bird Area  

The Mississippi River Twin Cities IBA stretches along the Mississippi River from the 

Washington St. Bridge in downtown Minneapolis, MN to Lock and Dam #2 near 

Hastings, MN, covering approximately 14 751 ha of open space, residential, and 

industrial land uses. The IBA boundaries roughly follow those of the Mississippi 

National River and Recreation Area (MNRRA), which is administered by the National 

Park Service. Most of the undeveloped land in the IBA lies within a network of city and 

regional parks along the river. Additionally, two major habitat areas (Fort Snelling State 

Park and the Minnesota Valley National Wildlife Refuge) are adjacent to the IBA. This 

area, situated at the confluence of the Minnesota, Mississippi, and St. Croix Rivers, lies 

on the Mississippi River Flyway migration route through central North America. In spite 

of the predominantly urban land use in the metropolitan area, the remaining open spaces 

have the potential to act as valuable migration stopover habitat.   

 

The Mississippi River Twin Cities site was designated a recognized IBA under three 

Minnesota criteria: habitat hosting large assemblages of waterfowl during migration and 

waterbirds during breeding (MN-1); habitat for endangered, threatened, or species of 

conservation concern [Black-crowned Night Heron (Nycticorax nycticorax), Bald Eagle 

(Haliaeetus leucocephalus), Peregrine Falcon (Falco peregrinus)] (MN-2); and site with 

long-term research value and high species diversity in an urban area (MN-4).  
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The nomination cited substantial data from waterbird and waterfowl surveys (Lidell and 

Cooper 1998, Bardon 2001), but less is known about the landbirds that migrate through 

the IBA.  Observations from 1965-2004 on Grey Cloud Island and 1988-2004 in the 

Mississippi River Gorge (Galli 2005) list 155 landbird species that use the IBA either 

during migration, breeding, or winter, but exact numbers for this group of birds were 

unknown.  

 

Monitoring Program Development 

In September 2005, Audubon Minnesota and other partners with an interest in the IBA 

(City of Saint Paul Parks Department, Ramsey County Parks, the Minnesota Department 

of Natural Resources, the National Park Service, and non-profit groups Friends of the 

Mississippi River and Great River Greening) met to discuss goals and assess needs for 

the management of this area. The main goal that emerged from this meeting was to 

institute a monitoring program in order to collect baseline data on the status of landbirds 

within the IBA. 

 

In early 2006, we began collaborating with Audubon Minnesota on designing a landbird 

monitoring protocol for the IBA. The program’s objectives were to (1) catalogue landbird 

species present in the IBA, (2) determine species’ use of the IBA habitats during 

migration, breeding, and winter, (3) monitor long-term trends in land bird species in the 

IBA, and (4) develop a citizen-science program to engage the public in monitoring, build 

support for the IBA program in the Twin Cities, and grow the program into a sustainable 

long-term initiative. 

 

Sampling design 

One of the main goals in defining a sampling design for the IBA was to maintain some 

continuity with National Park Service Passerine Monitoring Protocol  (Knutson et al. 

2007) so that data could be readily meshed with the Great Lakes Inventory and 

Monitoring Network database. We defined the sampling design according to two levels 

of access: 1) publicly accessible park/reserve land, and 2) trails within the parks. In order 
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to simplify site access, we only considered publicly owned lands for site selection. 

Because of safety concerns, habitat protection, ease of navigation, and permanence of 

points, we placed sampling points based on trail access. The number of sampling points 

per site varied with site area, from 11 points on the smallest sites (50 to 90 ha) to 14 

points - the maximum number of points that could reasonably be completed in a 4-hour 

morning of surveying - on sites larger than 170 ha. We generated sampling points in 

ArcGIS v.9.0 (ESRI 2004) by laying a 250-m grid over the study area, randomly 

selecting squares in which to place sampling points, and snapping these points to the 

nearest trail, maintaining approximately 250 m separation between each.  

 

Point count protocol 

Due to the mostly forested habitat on the sites, we chose to conduct surveys using a fixed 

50-m radius point count (Bibby et al. 1992) with two bands: 0 to 50 m and greater than 

50 m.  Volunteers conducted weekly spring migration surveys from 15 April 2007 

through 31 May 2007 and two breeding season surveys between 1 June and 1 July 2007. 

Each volunteer or team worked the same site for the whole season to facilitate navigation 

through the site and distance estimation at each point. Volunteers recorded all landbirds 

seen or heard in a 5-min period, placing them in the appropriate distance band. Aerial 

foragers observed using the habitat around the sampling point and birds flushed from the 

point upon the observer’s approach were counted while flyovers were not. Only one 

person made observations; other team members could silently observe or act as recorders 

of data dictated by the observer. Observers and recorders also noted as “supplemental 

observations” any landbird species seen between points or outside of the count periods 

that were not recorded during the point counts. 

 

Volunteer recruitment and training 

For the pilot season, we recruited experienced birders using an e-mail announcement sent 

to various list-serves, nature centers, and individuals.  We conducted a 2-hr training 

session to introduce the volunteers to the project background and goals, protocol, and 

materials. Volunteers practiced 50 m distance estimation, navigation using a GPS unit, 
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and conducting point counts. We provided them with a packet that included color maps 

of their site, data sheets, an instruction booklet summarizing the survey protocols, and a 

handheld GPS unit. Upon completion of each week’s site visit, volunteers sent their 

hardcopy datasheets to us for entry into a database. 

 

Pilot Season Assessment 

Observer variability 

To evaluate observer variability across the volunteer observers at different sites, we 

performed modified independent observer point counts on each site during breeding 

season surveys using the researcher as a common standard. Most sites had two-person 

teams of volunteers where the observer dictated observations to a recorder. To 

accommodate this situation, we performed point counts on the same days as the 

volunteers but followed them through the sites one point behind (a delay of 

approximately 10 min). While the delay may have resulted in some differences in number 

and species of birds recorded, conducting the validation during the breeding season, when 

most birds are on territories, should minimize this variation. In order to assess whether 

the volunteer teams and the researcher were counting similar numbers of birds per 

species, we used a Chi Square analysis to test for differences in the frequency distribution 

of birds per species counted by the volunteer and researcher on each site. We also 

calculated the percentage of species recorded by both observers on each site to determine 

whether the volunteers and the researcher were identifying the same species on the site. 

Using information from variable circular plot point count data collected in Minnesota and 

Ohio (see Blair and Johnson 2008), we determined mean detection distance cut-offs and 

percent detection by sight and vocalization for the most commonly missed species and 

used these measures and foraging behavior to look for broad similarities between these 

birds. 

 

Volunteer feedback and profile 

After the summer field season, we asked the citizen scientist participants to answer a 30-

question anonymous online survey to assess the profile of the volunteer corps and their 



 19 

perceived effectiveness of the monitoring protocol. Respondents were asked to evaluate 

the materials and processes associated with the point counts and training session and 

provide some basic demographic information, including their reasons for participating in 

the monitoring program.  

 

RESULTS 

Pilot Season Overview 

During the 2007 pilot season, volunteers surveyed 7 sites during spring migration and 

breeding season. A total of 13 individuals participated in the survey as observers, 

recorders, or other team members. Across both seasons and all 7 sites, volunteers 

recorded 126 landbird species, including supplemental observations and unknowns. Of 

that total, 26 species were migrants passing through, 2 were winter residents, 7 were 

partial identifications (i.e., unknown sparrow), and the remaining 91 were species known 

to breed in the Twin Cities area. Of these 126 species, 30 are listed as birds in greatest 

conservation need in Minnesota (Table 1).  

 

Assessment Results  

Observer variation 

Analysis of the results from the observer validation counts suggested significant variation 

in the distribution of the number of birds per species counted by the volunteers compared 

to the researcher during the summer 2007 season (Table 2). For 4 of the 6 volunteer 

observers evaluated, over 62% of species recorded during the validation visits were 

recorded by both the volunteer and researcher.  The percent of species detected by both 

observers ranged from 37% to 79% of species. Since one of our goals is to use the 

volunteers’ data to run site-based analyses of bird community composition, this variation 

between observers should be addressed. 

 

The species most likely to be missed by one of the observers were Chimney Swift 

(Chaetura pelagica), Tree Swallow (Tachycineta bicolor), Blue Jay (Cyanocitta cristata), 

and House Finch (Carpodacus mexicanus), which were “unshared” on 4 of 6 sites. 
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Cooper’s Hawk (Accipiter cooperii), Gray Catbird (Dumetella carolinensis), Brown-

headed Cowbird (Molothrus ater), and Northern Flicker (Colaptes auratus) were 

unshared on 3 of 6 sites. On 2 of the 6 sites one observer failed to record Blue-gray 

Gnatcatcher (Polioptila caerulea), Yellow-throated Vireo (Vireo flavifrons), American 

Robin (Turdus migratorius), Eastern Phoebe (Sayornis phoebe), and Common Grackle 

(Quiscalus quiscula). The volunteers and the researcher were equally likely to miss these 

species during the validation counts. These missed species fall into four groupings based 

on mean detection distance cut-off, detection by sight or vocalization, and foraging 

behavior (Table 3).  

 

Volunteer feedback 

Overall, 75% of survey participants said that they were “very satisfied” with their 

experience in the IBA monitoring program; the remainder rated their experience as 

“somewhat satisfactory.” Likewise, 75% of respondents indicated that they were “very 

likely” to participate in this monitoring program in the future.  The majority of 

respondents favorably rated various aspects of the monitoring program and training 

session (Table 4). The most challenging aspect of the point count protocol appeared to be 

the total time required to complete the counts each survey morning (only 25% of 

respondents rated this as “easy”). While only half of the respondents felt that bird 

identification during migration was “easy,” most respondents felt that the 50 m distance 

estimation was “easy.” Volunteers made several suggestions for potential improvements 

to the program materials.  

 

Volunteer profile 

Monitoring program volunteers ranged from 30 to 75 years old, with at least one under-

18 youth participating with their parent. Gender distribution in the pilot season 

participants was fairly even and all survey respondents identified as Caucasian/White. All 

survey respondents had at least some college education, with most having completed a 

bachelor’s degree or an advanced/professional degree. Most were retired or working part-

time. Most of the respondents appear to be regular bird watchers concerned about bird 
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conservation. All respondents reported bird watching recreationally at least 15 days out 

of the past year (

€ 

x =86±23 days), and 7 out of 8 reported bird watching year-round.  

 

Respondents reported participating in a variety of conservation organizations and 63% 

reported participation in both local and national bird monitoring initiatives during the past 

year. Respondents listed contributing to scientific research and landbird conservation as 

the most important reasons for participating in the IBA monitoring program.  

 

DISCUSSION 

The spring and summer 2007 pilot of the Mississippi River Twin Cities IBA Landbird 

Monitoring Program was a successful first step in establishing this program in the 

Minneapolis-Saint Paul metro. In comparison to the 155 landbird species listed in the 

IBA nomination, volunteers recorded the presence of 126 landbird species on 7 sites 

within the IBA during the pilot season.  Considering the short duration of the pilot season 

(15 April to 30 June 2007) it is likely that more species will be accumulated in future 

years. Moreover, the initial volunteer interest and participation in this program suggests 

that, with the appropriate resources and support, this landbird monitoring initiative can be 

self-sustaining and serve as a model for other citizen science-based bird surveys in urban 

areas. 

 

Managing Observer Variation 

The results of the observer validation suggest that inter-observer variation should be 

considered in future revisions of the protocol. The current protocol dictates a single 

observer on each site and a single team working each site for the whole season. As the 

sites are parks and reserves with points located along trails, having the same team remain 

on one site for the whole season can make navigation easier and allow volunteers to build 

a rapport with the site. Rather than rotating teams between sites, asking teams to perform 

double-observer point counts rather than single observer/recorder counts may be the most 

viable solution when there are multiple volunteers on a site.  
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In the long term, a reasonable approach may be to assign multiple teams per site, 

providing the dual benefit of multiple observers and reducing the number of visits 

required of each volunteer. It is unclear whether the significant differences in the number 

of birds recorded during the modified double-observer validation are the result of the 10-

min delay between observers or actual variation in observation skill. This issue will be 

addressed by performing a targeted comparison of the 10-min delay method with a both 

independent and double-observer methods.  

 

Future training should also evaluate volunteers’ bird identification skills, hearing acuity, 

and ability to accurately estimate distances during the point counts. The variation in the 

number of species recorded by volunteers compared to the researcher during the 

validation counts suggests that including some bird identification in the training, 

especially of migrant species, could improve accuracy. Neither the volunteer nor the 

researcher was more likely to overlook any of the “missed” species, suggesting that the 

detectability of the birds may be an issue. In this study, some of the unshared species 

were likely to be identified primarily by sight and others primarily by song, Many of the 

species missed by either the volunteer or researcher are very common (Blue Jay, House 

Finch) and may have been unconsciously filtered out while the observer looked and 

listened for less common species. Some observer variation may be due to differences in 

hearing acuity. Assessing participants’ hearing can enable coordinators to appropriately 

place volunteers with compromised hearing on teams as recorders. 

 

Certain behavioral traits may also confound observers. During breeding season, some 

species such as Blue Jays, behave cryptically while they are nesting and may be less 

easily detected than at other times of the year. Around half of the species unshared during 

the summer validation forage primarily on or near the ground, a behavior that may make 

them less conspicuous, especially if an observer is too focused on scanning tree trunks 

and canopies. Assessing the characteristics of frequently missed species may enable 

organizers and volunteers to target groups of birds that merit extra attention during 

training and counts or might be best recorded as merely present/absent.  
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Other volunteer monitoring programs, such as the Tucson Bird Count (Turner 2003) use 

online visual and auditory tests to assess participant skill and provide resources for 

species identification (McCaffrey 2005). While this is an efficient way to offer training to 

participants, it can be challenging to deliver high quality sound clips at a reasonable cost 

to the program. In programs where training and evaluation resources are limited, a 

mentoring system where novices are paired with more experienced volunteers may prove 

the most effective and efficient way to train new volunteers. Providing a species list for 

their site may also help first-time program volunteers focus their identification practice 

on an appropriate subset of birds.   

 

Protocol Improvements 

Overall, volunteer feedback regarding the pilot season of the monitoring program was 

positive. Based on the survey and informal communications, some materials, such as 

description of sampling points, may not be necessary. The intensive time commitment 

appeared to be an issue for some volunteers; each survey required 3- 4 hrs to complete 

and the protocol required a training session, six weekly visits during migration, and two 

during breeding season. Many interested potential volunteers could not meet this time 

commitment and declined to participate. It will be important to manage the time required 

for participation such that volunteers receive adequate training and participate in point 

counts without feeling so overburdened that they stop participating in the program. 

Increased participation may offer a solution; with sufficient volunteers, teams can split 

the total survey season between them, cutting the time commitment in half and lessening 

observer bias on each site.  

 

Building the program and engaging volunteers 

An ideal balance for citizen-science bird monitoring programs such as this one would be 

to build a core of skilled birder participants but extend participation into other 

demographics to bring a dimension of community education and stewardship to the 

program. The location of this IBA suggests that participants may be drawn from both 



 24 

urban and suburban locales. The Twin Cities metro area has a diverse array of groups, 

including local Audubon chapters, the Minnesota Master Naturalist Program, and nature 

centers, which may provide future participants and opportunities to engage urban 

residents with the local parks and birdlife.  

 

One of the more important improvements that we can make to the program as a whole is 

to establish a permanent online presence. A website that provides a central location for 

program information and materials and allows volunteers to both enter their own data and 

view all data from the project will provide multiple benefits. A well-designed online data 

entry system will improve overall efficiency and quality control and lay the basis for 

communicating the project’s results back to the community. Our objective is to design an 

online interface that facilitates public outreach, houses project materials, streamlines 

coordination of volunteers, provides user-friendly data entry to volunteers, and efficiently 

shares data with multiple databases and entities, such as the eBird online database 

(Audubon and CLO 2008), National Audubon Society’s IBA Database, the National Park 

Service (a key stakeholder for this IBA), and Audubon Minnesota. Integrating data from 

this small-scale monitoring program into larger-scale datasets can not only provide 

context to local observations, but also contribute to Coordinated Bird Monitoring (Bart 

and Ralph 2005).  

 

Currently, we are tabulating the data in a spreadsheet and sending the volunteers a 

summary of the results for the entire IBA and results specific to their own sites. The site-

specific summaries include both raw counts per species and a colorized chart tracking the 

seasonal progression of the bird community (numbers of birds of each species over time) 

during the monitoring period. Volunteers indicated they were especially interested in the 

latter information. Both the Tucson Bird Count (TBC 2008) and the Monarch Larva 

Monitoring Project (MLMP 2001) websites allow users to search and view data by 

location and time, a feature that is invaluable to engaging volunteers and providing timely 

feedback (K. Oberhauser, pers. comm.). Employing a similar system, such as eBird’s 

Google Earth mapping application, for this monitoring program will enable the 
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volunteers to access results themselves without waiting for data to be summarized by a 

third party.  

 

In the long term, we hope that this monitoring program will produce data useful to land 

managers, planners, and researchers working in urban green spaces. More importantly, 

we hope that this program and others like it will empower communities to explore and 

connect with urban nature, participate in the scientific process, and speak out as 

advocates for their natural resources. 
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Table 1: Minnesota landbird species in greatest conservation need recorded on the Mississippi River Twin Cities IBA in 2007. 

Adapted from Minnesota Department of Natural Resources (2006).  

 

Species Scientific Name Rationale 
Bald Eagle Haliaeetus leucocephalus Federally Threatened, MN Special Concern 
Red-shouldered Hawk Buteo lineatus MN Special Concern 
Peregrine Falcon Falco peregrinus MN Threatened 
Virginia Rail Rallus limicola Moderate Concern in Prairie Pothole Waterbird Plan 
Black-billed Cuckoo Coccyzus erythropthalmus Highest Partners in Flight Priority (PIF 1) 
Yellow-bellied Sapsucker Sphyrapicus varius High Partners in Flight Priority (PIF 2A) 
Olive-sided Flycatcher Contopus cooperi Partners in Flight Continental Watchlist 
Eastern Wood-Pewee Contopus virens High Partners in Flight Priority (PIF 2A) 
Willow Flycatcher Empidonax traillii Partners in Flight Continental Watchlist 
Least Flycatcher Empidonax minimus High Partners in Flight Priority (PIF 2A) 
Northern Rough-winged 
Swallow 

Stelgidopteryx serripennis High Partners in Flight Priority (PIF 2) 

Marsh Wren Cistothorus palustris High Partners in Flight Priority (PIF 2) 
Sedge Wren Cistothorus platensis Highest Partners in Flight Priority (PIF 1) 
Wood Thrush Hylocichla mustelina Partners in Flight Continental Watchlist 
Veery Catharus fuscescens Highest Partners in Flight Priority (PIF 1) 
Brown Thrasher Toxostoma rufrum High Partners in Flight Priority (PIF 2A) 
Prothonotary Warbler Protonotaria citrea Partners in Flight Continental Watchlist 
Blue-winged Warbler Vermivora pinus Partners in Flight Continental Watchlist 
Golden-winged Warbler Vermivora chrysoptera Partners in Flight Continental Watchlist 
Cape May Warbler Dendroica tigrina Highest Partners in Flight Priority (PIF 1) 
Canada Warbler Wilsonia canadensis Partners in Flight Continental Watchlist 
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Ovenbird Seiurus aurocapillus NRRI Forest Bird Monitoring shows significant regional 
declines 

Field Sparrow Spizella pusilla Highest Partners in Flight Priority (PIF 1) 
Grasshopper Sparrow Ammodramus savannarum High Partners in Flight Priority (PIF 2) 
Henslow's Sparrow Ammodramus henslowii MN Endangered 
Swamp Sparrow Melospiza georgiana High Partners in Flight Priority (PIF 2A) 

White-throated Sparrow Zonotrichia albicollis NRRI Forest Bird Monitoring shows significant regional 
declines 

Rose-breasted Grosbeak Pheucticus ludovicianus High Partners in Flight Priority (PIF 2A) 
Dickcissel Spiza americana Partners in Flight Continental Watchlist 
Eastern Meadowlark Sturnella magna USFWS Region 3 Concern List 
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Table 2: Pearson Chi Square results for difference in frequency distribution of birds per 

species counted by volunteer compared to researcher during the summer 2007 observer 

validation of bird count data for Mississippi River Twin Cities IBA. Each volunteer team 

monitored a different site. 

 

Volunteer 
Observer Pearson χ2 Statistic DF P-value 

1 480.21 11 <0.001 
2 152.35 16 <0.001 
3   25.16 21   0.240 
4   66.18 28 <0.001 
5    85.11 31 <0.001 
6   78.92 32 <0.001 
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Table 3: Common characteristics of species missed (“unshared”) by either the volunteer 

observer or the researcher during the summer 2007 observer validation of bird count data 

for 6 Mississippi River Twin Cities IBA sites. Each volunteer team monitored a different 

site. 

 

Species Scientific Name Shared Characteristics 
Blue Jay 
Eastern Phoebe 
Chimney Swift 
Cooper’s Hawk 

Cyanocitta cristata 
Sayornis phoebe 
Chaetura pelagica 
Accipiter cooperii 
 

Mean detection distance cut-
off > 44m 
51%-75% detections by sight 

Northern Flicker  
Common Grackle 

Colaptes auratus 
Quiscalus quiscula 

Mean detection distance cut-
off < 35m 
 
>75% detection by sight 
Primarily ground gleaners 
 

House Finch  
American Robin  
Brown-headed Cowbird  
Gray Catbird 

Carpodacus mexicanus 
Turdus migratorius 
Molothrus ater 
Dumetella carolinensis 
 

 
Primarily ground/low foliage 
gleaners 

Tree Swallow  
Blue-gray Gnatcatcher 
Yellow-throated Vireo  
 

Tachycineta bicolor 
Polioptila caerulea  
Vireo flavifrons 

 
>75% detections by 
vocalization 
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Table 4: Volunteer responses to survey regarding utility of Mississippi River Twin Cities 

IBA Landbird Monitoring Program protocol. Total of 8 volunteers who completed the 

online survey. 

 

Program Aspect Percent Respondents 
General Somewhat Satisfactory Very Satisfactory 
Overall experience in the program 25 75 
Survey Materials  Somewhat Helpful Very Helpful 
Main instruction Booklet 57 29 
Protocol reminder one-sheet 14 71 
4-letter bird codes sheet 43 29 
Hand-held GPS unit 25 75 
Orange flagging 25 75 
Color site maps 38 63 
Written description of sampling points 25 25 
Site Conditions Form Somewhat Satisfactory Very Satisfactory 
Clarity and layout 29 57 
Ease of use 29 57 
Sufficient space for data 29 57 
Sufficient detail recorded 29 57 
Bird Point Count Datasheet Somewhat Satisfactory Very Satisfactory 
Clarity and layout 29 57 
Ease of use 57 29 
Sufficient space for data 43 29 
Sufficient detail recorded 57 14 
Point Count Protocol Somewhat Easy Very Easy 
Time required to complete bird counts 0 25 
Number of surveys per season 50 13 
Navigation between survey points 38 25 
Estimation of 50m distance band 88 0 
Identification of birds during migration 38 13 
Identification of birds during breeding 29 29 
5 minute duration of point count 13 50 
Using the data sheets 25 63 
Operating the GPS 75 13 
Pre-Survey Training Somewhat Helpful Very Helpful 
Introduction to the monitoring project 17 67 
Introduction to use of GPS unit 17 67 
Practice navigation with GPS 0 67 
Practice distance estimations 0 83 
Practice point count 17 33 
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Chapter 3 

 
 
 
 
 
 
 
 

Evaluating point-count techniques for use in citizen-science bird 

monitoring 
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The Mississippi River Twin Cities Important Bird Area Landbird Monitoring Program is 

a citizen-science project that engages local birders in counting landbirds in habitat areas 

along an urbanized section of the Mississippi River. The program’s main goals are to (1) 

inventory landbird species that use the area, (2) determine seasonal patterns of 

occupancy, (3) estimate landbird species abundance, and (4) evaluate long-term trends. 

An assessment of the program’s 2007 pilot season suggested considerable variation in the 

point-count data collected by teams of citizen-scientist birders. This study was designed 

as a targeted assessment of three related point-count techniques with the goal of 

identifying which would be optimal for use in this citizen-science project as defined by 

maximization of species recorded, maximization of species detection probabilities, and 

overall flexibility/ease of use. During June 2008, two observers collected bird data using 

three different methodologies, with treatments for point-count method, starting point, and 

primary/first observer randomized. While results indicate that adding a second observer 

to the team significantly increases the number of species recorded, no single method 

emerged as clearly optimal. We offer simple guidelines for selecting the method most 

appropriate for a specific monitoring project. The decision as to which method to use will 

depend on the landbird survey objectives, human resources available, priorities for the 

project, and the level of data reliability required. 

 

KEYWORDS 

Important Bird Area, citizen science, bird, monitoring, point-count, independent double 

observer, dependent double observer 
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INTRODUCTION 

Citizen science, where non-scientist volunteers collect scientific data that will be used by 

scientists to evaluate research questions, has emerged as a dynamic and powerful 

approach to environmental monitoring and research. While a citizen-science approach to 

monitoring has been adopted by a diversity of programs to evaluate everything from 

water quality (US EPA 1997, Savan et al. 2003) to insects (Monarch Larva Monitoring 

Project 2001) and reef fishes (Pattengill-Semmens and Semmens 2003), bird monitoring 

in particular has a long history of non-scientist volunteer participation. Data from long-

term volunteer monitoring programs such as Audubon’s Christmas Bird Count, in which 

birders have been surveying winter residents since 1900 (Root 1988), and the Breeding 

Bird Survey (Sauer et al. 2008) have been key in tracking changes in North American 

bird populations. Many native North America birds, especially Neotropical migrants that 

winter in Central and South America and return north to breed, have steeply declining 

populations, primarily due to conversion of grasslands, forests, and shrublands to urban 

and agricultural land uses (Herkert 1994, Askins 1995, Robinson et al. 1995, Rich et al. 

2004). In addition to the increased data collection capacity that makes large-scale bird 

monitoring possible, citizen-science programs also provide a unique opportunity to 

educate the public about the scientific process and bird ecology.  Cornell Lab of 

Ornithology’s array of citizen-science bird programs such as Projects NestWatch and 

FeederWatch not only engage volunteers in data collection, but also allow participants to 

explore data and view results. These programs are indicative of the power of citizen 

science to broaden and share our understanding of bird ecology, population trends, and 

conservation needs. 

 

Citizen science is emerging as a valuable asset in the Important Bird Areas Program 

monitoring and assessment efforts. The Important Bird Areas (IBA) Program is a global 

initiative that identifies areas that have high conservation value to birds at any stage in 

their life cycle (breeding, migration, or wintering) and promotes permanent protection of 

these valuable habitats. Since its inception in the early 1980s, the IBA program has 

identified over 10 000 sites in Europe, Africa, the Middle East, Asia, Antarctica, the 
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Pacific region, and the Americas that meet the criteria for critical bird habitat (BirdLife 

International 2008). Once a site has been recognised as an IBA, the program works with 

local stakeholders to develop a site-specific conservation plan to assess risks to the 

habitat and monitor birds on the site.   

 

From small-scale monitoring projects to the Breeding Bird Survey, point-counts remain 

one of the most widely used survey techniques to inventory and monitor bird populations. 

Depending on the complexity of the protocol, point-counts can be well suited to use in a 

citizen-science setting, especially in areas with hazardous terrain or patchy habitat. A 

point-count, in its simplest form, involves a single observer standing at a fixed location 

and recording all birds seen and heard for a set duration (Bibby et al. 1992). However, 

without a means of assessing the detection probability of birds on the site (the probability 

that the bird is available for detection and that an observer will detect it), this basic 

technique provides raw values translatable only into simple indices of abundance. More 

complex point-count techniques designed to account for detection probabilities, such as 

distance sampling (Rosenstock et al. 2002), where the observer records the distance from 

himself to each bird seen or heard, or removal sampling (Farnsworth et al. 2002), in 

which the count period is split into multiple intervals and the observer notes which birds 

are heard during what interval, can yield estimates of bird densities rather than indices. 

However, the more complex the point-count protocol, the more training and experience is 

needed to master the technique, moving research-grade methods out of the viable scope 

of many citizen-science monitoring projects.  

 

Adding a second observer to the point-count protocol is another approach that can yield 

detection probabilities but is simple enough to be suitable for use in citizen-science 

monitoring.  Double observer point-counts may be conducted with observers dependent 

on or independent of one another. One advantage to a double observer approach is that it 

allows for the calculation of joint detection probabilities, or the probability that a bird 

will be detected by at least one of the two observers. Double observer methods may be 

dependent (Nichols et al. 2000), where observers collaborate on a single dataset, or 



  38 

independent (Forcey et al. 2006), where observers count as individuals. Independent 

double observer counts can be scaled to include more than two observers (Alldredge et al. 

2006), allowing for more involved modelling and assessment of factors impacting bird 

detection probabilities in a given study.   

 

In citizen-science bird surveys, balancing the need for high-quality data and protocol 

practicality can be challenging. The Mississippi River Twin Cities Important Bird Area 

Landbird Monitoring Program is a citizen-science initiative that utilizes point-counts to 

survey landbird species in habitat areas along the Mississippi River in the Minneapolis-

Saint Paul, MN metro area. Located close to the confluence of the Minnesota, 

Mississippi, and St. Croix Rivers, this area was nominated as an IBA because it hosts 

large numbers of waterbirds and waterfowl migrating along the Mississippi River Flyway 

(Lidell and Cooper 1998, Bardon 2001), breeding Bald Eagles (Haliaeetus 

leucocephalus) and Peregrine Falcons (Falco peregrinus), and high bird species diversity 

in an urban area. However, the site’s nomination contained little information about the 

area’s value to landbird species beyond a list of 155 landbird species seen at two 

locations in the IBA over nearly 40 years. After the Mississippi River Twin Cities area’s 

designation as an IBA, discussions between Audubon Minnesota and other stakeholders 

in the site, including the National Park Service, Minnesota Department of Natural 

Resources, park managers, and local non-profit groups, highlighted the need to address 

the dearth of information about landbird use of habitats within the site in order to better 

inform long-term management strategies.  

 

In 2007, we began working with Audubon Minnesota to develop a monitoring program 

that would inventory landbird species in the IBA, provide information on these birds’ 

seasonal habitat use, provide a means for assessing long-term trends, and establish a 

citizen-science format for engaging local birders in monitoring landbirds in the IBA.  

 

We launched the program’s pilot season in spring of 2007, with 13 citizen-scientist 

birders performing 5 min fixed radius point-counts on seven sites within the IBA. To 
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evaluate the performance of each citizen-science team, we compared point-count results 

from a researcher to those of each team’s single observer. The results suggested 

substantial inter-observer variation in the count data collected by different citizen-science 

teams across sites, but further validation of the evaluation method was deemed necessary 

(Homayoun and Blair 2009).   

 

This study was designed to investigate ways to improve the Mississippi River Twin 

Cities IBA Landbird Monitoring Program protocol by assessing the costs and benefits of 

three different point-count methodologies for use in a citizen-science bird monitoring 

program in an urban park reserve setting. Specifically, we sought to (1) verify the 

robustness of the modified point-count used during the 2007 pilot season assessment, (2) 

evaluate the impact of adding a second observer to each team, and (3) determine whether 

one of these techniques is optimal as defined by maximized number of species recorded, 

maximized detection probability of birds, and flexibility and ease of use.  

 

METHODS 

Study site 

The Mississippi River Twin Cities Important Bird Area encompasses a 14 751 ha 

corridor of forest, grassland, wetland, and developed land between the Washington St. 

Bridge in downtown Minneapolis to Lock and Dam #2 near Hastings, MN. Its boundaries 

closely correspond to those of the Mississippi National River and Recreation Area 

(MNRRA), a National Park Service unit which includes a system of regional and city 

parks and reserves. We conducted this study in Battle Creek West Regional Park in Saint 

Paul, MN, a 151 ha unit of forest and grassland habitat within the Mississippi River Twin 

Cities IBA (Figure 1). We used the same sampling points that had been established for 

the Mississippi River Twin Cities IBA Landbird Monitoring Program (Homayoun and 

Blair 2009); all 14 sampling points are separated by approximately 250 m and are located 

along established hike-and-bike trails.   

 

Point-count methodologies 
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The Mississippi River Twin Cities IBA Landbird Monitoring Program uses a single 

observer fixed radius 5 min point-count protocol: for 5 min, a single citizen-scientist 

observer counts all landbirds seen and heard at the sampling point, noting whether birds 

fall within a distance band of 0 m – 50 m or >50 m. If more than one volunteer is 

surveying the site, the observer dictates his observations to a teammate, who acts as a 

recorder and completes the datasheets. As a comparison to this basic single observer 

point-count methodology (Homayoun and Blair 2009), we focused on three related 

double observer point-count techniques: independent double observer, dependent double 

observer, and 10 min delay independent double observer.  

 

In the independent double observer technique (Alldredge et al. 2006; Forcey et al. 2006), 

two surveyors stand together at each sampling point and conduct the point-count 

separately. Each observer records his own data on his own datasheets. In order to avoid 

violating the assumption of independence between observers, surveyors face away from 

one another and frequently mask behavioral cues by scanning the area visually and 

pretending to record observations. At the end of the 5 min count period, the observers 

compare datasheets and determine the bird detection histories (which birds they recorded 

in common and which were recorded by only one or the other observer).  

 

In the dependent double observer method (Nichols et al. 2000), surveyors act as either the 

primary observer, who reports his observations to his teammate, or the secondary 

observer, who records the primary’s observations and also records any birds the primary 

observer appears to have missed. To reduce the risk of biasing the primary’s 

observations, the secondary observer stands out of the line of sight of the primary 

observer and masks behavioral cues while recording any additional birds. At the 

conclusion of the 5 min count period, the primary and secondary verify the records on the 

datasheet. On the next point, the surveyors switch roles as primary and secondary 

observers and continue to alternate with each subsequent point.  
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In the 10 min delay independent observer point-count technique, the member of the 

research team who starts first is designated as the primary observer. The secondary 

observer starts approximately 10 min later, following the primary one point behind. Each 

observer performs the 5 min point-count independently, recording his own data and 

comparing the data with his teammate at the end of the survey morning. We included the 

10 min delay independent observer method in this analysis in order to evaluate its validity 

as an assessment tool during the 2007 pilot season of the Landbird Monitoring Program. 

Since most of the citizen scientist teams consisted of an observer dictating data to a 

recorder, the researcher could not perform an unbiased concurrent point-count. To 

address this confounding issue, I started through the site 10 min after each team. This 

created a different dilemma, namely whether differences between the citizen scientists’ 

and researcher’s observations were a product of actual inter-observer variation or an 

artefact of the 10 min lag time. We assume that, since both the original 2007 assessment 

and this study’s experimental counts were conducted during the breeding season, there 

will be no significant difference between the independent double observer and 10 min 

delay techniques. 

 

As in the single observer IBA protocol, the double observer techniques used a 5 min 

count duration at each point and two distance bands: 0m – 50 m and >50 m. After in-field 

training, the research team (Observer A and Observer B) conducted 24 data-collection 

visits (eight per point-count type) between 06:00 and 10:00 in June 2008. We randomised 

route direction (to avoid a time-of-day effect), surveyor role (primary vs. secondary), and 

point-count type (independent double observer, dependent double observer, and 10 min 

delay independent double observer).  

 

Data analyses 

We standardized the count data of all three techniques to the dependent double observer 

format: observations made by the primary observer only (Prim), observations made by 

the secondary observer but not the primary observer (Sec), and the total observations 

made by both observers (Prim+Sec). The two distance bands were used in the monitoring 



  42 

program counts to allow estimation of bird species detectability with a single observer. 

Since detectability will be calculated using a comparison of two observers’ data, counts < 

50 m and > 50 m were pooled to give a larger sample size for analysis. All statistical 

analyses were performed using JMP 7.0 (SAS Institute 2007) and Program DOBSERV 

(Hines 2000).  

 

10 min delay independent observer method as pilot season assessment  

Since the main confounding issue with the 10 min delay assessment technique was the 

time lag between independent observations, we analyzed it relative to the independent 

double observer point-count. We compared the number of species counted using a t-test 

assuming unequal variances and performed a likelihood-ratio chi-square test to evaluate 

the distribution of birds per species recorded by each observer. Only those species 

common to both observers’ primary observer count tallies and recorded during all three 

point-count treatments were included, and any species with less than 3 counts for each 

observer were omitted from the analysis to meet Chi Square assumptions. We performed 

a Wilcoxon rank-sum test to compare the mean joint detection probabilities as calculated 

in DOBSERV for 34 species common to both the 10 min delay point-counts and 

independent double observer point-counts.  

 

Impact of adding a second observer 

In order to determine the impact of adding a second observer to the monitoring protocol, 

we used a matched pairs t-test to compare the number of species counted by only the 

primary observer (single observer) to the number of species counted by the primary and 

secondary observers together. 

 

Optimality of techniques 

In order to look for inter-observer variability within each point-count technique, we 

performed a Wilcoxon rank-sum test on the number of species recorded by Observer A 

compared to Observer B within each point-count treatment. We conducted a two-way 

analysis of variance (ANOVA) to assess the effect of treatment (point-count type) and 
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observer (A vs. B) on the number of bird species counted by both observers together. To 

further assess variation between observers, we considered not only whether both 

observers were recording the same species list, but also how the counts were distributed 

among these species. We compared the distribution of number of birds per species 

recorded by each observer and between the three different point-count techniques using a 

likelihood-ratio chi-square analysis. Only those birds common to both observers’ primary 

observer count tallies and recorded during all three point-count treatments were included. 

Of remaining species, those with counts less than 3 for each observer were omitted from 

the analysis to meet chi square assumptions.  

 

We used DOBSERV to calculate joint detection probabilities for all species recorded 

during each of the double observer point-count techniques. DOBSERV uses double 

observer count data to generate joint detection probabilities (the probability of being 

detected by at least one of the two observers) and abundances for each bird species based 

on six candidate models. The models consider two main points of variation in 

detectability: observer and bird species. Model P(.,.) assumes the detection probability is 

the same across all species and the same for each observer. P(s,.) assumes detectability 

varies across species but is the same for both observers. P(.,i) assumes detection 

probabilities are the same for all bird species but different for each observer, and model 

P(s,i) assumes detection probability varies both across species and between observers. 

Models P(g,.) and P(g,i) consider detection probability within user-defined species 

groups rather than individual species, where P(g, .) assumes detection probability is equal 

within groups of species and between observers and P(g,i) assumes detection probability 

is equal within groups of species but varies with observer. Each candidate model is 

ranked using Akaike’s Information Criterion adjusted for small values (AICc) with the 

best candidate model suggested by the smallest ΔAICc . Species were grouped based on a 

prior analysis of characteristics impacting detectability in commonly overlooked species 

(Appendix 1; see Homayoun and Blair 2009 for details). Remaining species with 10 or 

more counts were analyzed individually; remaining species with fewer than 10 detections 

were grouped into an additional “rare species” group for analysis. For each of the point-
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count treatments, we used DOBSERV to calculate joint detection probabilities for all 

species based on the most parsimonious model. In order to compare detection 

probabilities between the three point-count treatments, we analyzed the 34 species 

recorded in common across all three point-count treatments and performed a Kruskal-

Wallis rank-sum test on the mean joint detection probabilities for each point-count 

technique.  

 

In addition to these quantitative measures, we evaluated how the independent, dependent, 

and 10 min delay double observer methods compared across several qualitative factors 

such as datasheet layout and ease of use, risk of violating assumptions of independence, 

potential for observer mentoring, post-survey data entry effort, and flexibility of the 

methodology. 

 

RESULTS 

10 min delay double observer method as pilot season assessment  

There was no significant difference between the independent double observer point-count 

and the 10 min delay independent double observer method in the number of species 

recorded by just primary observers (Prim, t = -0.46, df = 10.60 P = 0.65) or primary and 

secondary observers together (Prim+Sec, t = -0.77, df = 12.33, P = 0.46).  However, there 

was a significant difference between primary observer counts for Observer A and 

Observer B in the distribution of birds per species counted in both the 10 min delay 

(Prim, N = 1168, df = 24, G2 = 49.05, P = 0.002) and the independent double observer 

(Prim, N = 1142, df = 24, G2 = 50.41, P = 0.001) methods.  When the primary observer 

counts for Observers A and B were pooled, there was no significant difference in 

distribution of birds per species between the two techniques (Prim, N = 2310, df = 24, 

G2= 29.39, P = 0.21). The mean joint detection probability for the independent double 

observer technique (0.9828 ± 0.0028) was significantly greater than the mean joint 

detection probability for the 10 min double observer method (0.9708 ± 0.0040) (Z = 2.76, 

N = 34, P = 0.006).  
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Impact of adding a second observer 

In all three of the point-count techniques, there were significantly more species counted 

by the primary and secondary together than by the primary alone (Figure 2). The 

difference was greatest in the independent double observer counts, with the second 

observer contributing an average of 4.37 species (t = 3.97, df = 7, P = 0.005). The 

secondary observer contributed an average of 3.0 additional species to the 10 min delay 

double observer counts (t = 5.02, df = 7, P = 0.002) while the second observer in the 

dependent double observer method added 2.0 extra species to the counts (t = 3.35, df = 7, 

P = 0.012).  

 

Optimality of techniques 

There was no significant difference in the number of species counted by Observer A as a 

primary compared to Observer B as a primary within any of the point-count techniques. 

In the 10 min delay method, Observer A counted a median of 29 species compared to a 

median of 30 species counted by Observer B (Z = -1.22, n1 = 3, n2 = 5, P = 0.22).  

Median species counts were similar in the independent double-observer trials, with 26 

species for Observer A and 28.5 species for Observer B (Z = 1.02, n1 = n2 = 4, P = 0.31), 

and in the dependent double-observer trials, with 30.5 species recorded by Observer A 

and 27 counted by Observer B (Z = -0.44, n1 = n2 = 4, P = 0.66). There was no significant 

main effect of point-count treatment (F(2,18) = 0.56, P = 0.58) or observer (F(1,18) = 

1.02, P = 0.33) on the number of species recorded by primary observers, nor was there 

any significant interaction between point-count treatment and observer (F(2,18) = 0.94, P 

= 0.41).  

 

There was no significant difference in the distribution of birds-per-species in either 

Observer A or Observer B’s counts across point-count techniques (Likelihood ratio chi-

square test, Observer A: G2 = 59.31, df = 48, P = 0.13; Observer B: G2 = 60.82, df = 48, 

P = 0.10). However, Observer A and Observer B’s birds-per-species distributions differed 

significantly from one another within each of the point-count techniques (10 min delay: 
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G2 = 49.05, df = 24, P = 0.002; Dependent: G2 = 39.94 df = 24, P = 0.02; Independent: G2 

= 50.41, df = 24, P = 0.001).  

 

The most parsimonious model in DOBSERV for the 10 min delay double observer 

method assumed detection probabilities to be unequal across species and unequal 

between observers [P(s,i)]. The best candidate model for the independent double observer 

point-count was likewise P(s,i), while the best candidate model for the dependent double 

observer assumed detection probabilities vary across species but are equal between 

observers [P(s,.)]. No other model had ΔAICc < 2, so none of the other models were 

considered possible alternative candidate models. Joint detection probabilities for the 34 

species common to all three techniques ranged from 1.0 (Field Sparrow, Red-winged 

Blackbird, and Wild Turkey) in the independent double observer counts) to 0.70 for 

Chipping Sparrow in the dependent double observer count (Table 1). There was a 

significant difference between the mean joint detection probabilities for the three 

treatments (Kruskal-Wallis = 11.75, N = 34, P = 0.003). Pairwise Wilcoxon rank-sum 

tests showed that mean joint detection probabilities of independent counts were greater 

than those of 10 min delay and dependent double observer counts, which were not 

different from each other (Figure 3).  

 

We evaluated how each of the double observer point-count methods compared across six 

qualitative factors (Table 2). Several factors, such as risk of violating independence, 

reconciling bird detections, and mentoring opportunities, relate to having both observers 

on the same point at the same time (as in the dependent and independent double observer 

point-counts) or functionally separate (10 min delay double observer). Other factors, such 

as complexity of datasheets and protocol, relate to level of effort and training required in 

each method. 

 

DISCUSSION 

Our findings suggest that adding a second observer could improve the current sampling 

protocol in the Mississippi River Twin Cities IBA Landbird Monitoring Program. 
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However, what works best for one monitoring project may be problematic for another. 

Thus, we also make recommendations for the use different techniques depending on the 

circumstances surrounding citizen-science monitoring projects. 

 

10 min delay double observer method as pilot season assessment  

The 10 min delay double observer method is roughly comparable to the independent 

method. While the mean joint detection probability for the 10 min delay method is lower 

than that of the independent method, both yielded similar numbers of species. Both 

techniques, however, are sensitive to inter-observer variation, suggesting that the 10-

minute lag time is not the primary cause of the variability between observers in the 2007 

pilot season assessment for the Mississippi River Twin Cities IBA monitoring program. 

The 10 min delay method appears to be an acceptable, if not ideal, means of performing 

observer assessment when having both the survey team and the evaluator concurrently on 

the same point is not feasible.  

 

Impact of adding a second observer 

Our results suggest that citizen scientist teams may significantly increase the number of 

species recorded per survey morning by switching the recorder’s role to that of second 

observer. Most sites in the Mississippi River Twin Cities IBA Landbird Monitoring 

Program have teams of at least two volunteers collecting data, so it is likely that human 

resources would not be limiting in this situation. Whether the second observer would 

boost the overall species count across the entire survey season is unclear, as is the 

question of how a double observer system would impact data collection during the highly 

variable spring migration period.  

 

Comparison of techniques 

No single double-observer point-count technique emerged as clearly optimal. While the 

addition of a second observer significantly raised the number of species recorded, the 

specific double observer count method used did not appear to matter. Likewise, any 

variation between observers did not appear to substantially impact the species count. 
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However, observer variation does appear to influence the distribution of birds per 

species—within each technique, the two observers’ distribution of birds per species 

differed significantly. By contrast, each observer’s count distribution was not 

significantly different between the three point-count methods.  

 

Detecting the maximum number of birds with the maximum accuracy is a key challenge 

to any citizen-science bird monitoring project. Joint detection probabilities for all three 

point-count techniques were fairly high (>0.95), comparable to results from the study by 

Nichols et al. (2000). Of the three double observer point-counts, the independent method 

resulted in the highest mean joint detection probability as calculated by DOBSERV. Both 

the independent and 10 min delay point-counts had higher mean joint detection 

probabilities, calculated under the model assuming unequal detection probabilities 

between species and between observers. By comparison, the dependent double observer 

count, which was best described by the model assuming detection probabilities unequal 

between species but equal between observers, had a significantly lower mean joint 

detection probability than the independent double observer count. Moreover, there was 

far less variation in the joint detection probabilities for the independent and 10 min delay 

point-counts than for the dependent double observer counts. Our results differ from those 

of Forcey et al. (2006), who found that joint detection probabilities were higher with 

smaller standard error for dependent double observer counts than independent double 

observer counts. Since we found no significant difference between the two observers’ 

species totals in our study, and each observer’s species counts differed significantly with 

point-count technique, there may be an aspect of the dependent double observer 

technique resulting in its generation of the lowest mean joint detection probabilities. 

Unlike the other two methods, the dependent double observer datasheet is more complex, 

and both observers must actively interact during data collection, distractions that may 

compromise performance. Considering the potential pitfalls to this extra complexity, it 

would be more practical for a volunteer-based program to adopt the independent double 

observer approach which accounts for inter-observer variation while maximizing the 

probability of detecting birds on the site.  
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Assessment of several qualitative factors reveals a series of trade-offs that will largely 

depend on the needs and resources of specific citizen-science bird monitoring projects. 

The 10 min delay and independent methods have a simpler protocol and datasheet than 

the dependent double observer method. Having both observers on the point at the same 

time has both risks and potential benefits; while the risk of violating independence 

between observers increases, the risk of error in reconciling bird detections decreases, 

and the potential for interaction between teammates can have a variety of social and 

mentoring advantages.  

 

RECOMMENDATIONS 

When considering a point-count strategy to use in a citizen-science monitoring protocol, 

program coordinators should strongly consider adding a second observer to survey teams. 

How that second observer participates, however, will depend on a variety of factors, 

including the experience of the volunteer surveyors, the availability of volunteers, and the 

human resources programs have on hand for volunteer training, data entry, and data 

quality control.  

 

Independent Double Observer Method 

The independent double observer method yields high joint detection probabilities but 

requires a minimum of training beyond that required of a single observer point-count. 

Additional training should focus on strategies for observers to maintain independence 

from one another during counts, and both volunteers should have strong bird 

identification skills. However, this method allows for some mentoring of a less-skilled 

observer, as both observers must compare their records at the conclusion of every point-

count. While mentoring can be asset in recruiting and developing novice observers, 

observers’ comparison of their data may not actually be necessary. Riddle et al. (2010b) 

found no significant difference between results obtained using standard independent 

double-observer counts and “unreconciled” double-observer counts, where observers did 

not compare their data at the end of each count period. Additionally, if for some reason 
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one of the team is unable to participate on a given morning, single observer data can still 

be collected. The major drawback to this method is that the data entry cost can be high, as 

some mornings, especially during spring migration, may result in lengthy datasets for 

each observer. 

 

Dependent double observer method 

 While the dependent double observer produced the lowest mean joint detection 

probability of the three techniques, it has many advantages in a citizen-science setting. 

The mean joint detection probability was still >95% across 34 species, and this point-

count method can provide a unique opportunity to engage less-skilled birders in the 

monitoring process. Owing to the way observers switch between primary and secondary 

with each point, an intermediate birder can learn much as a secondary observer from a 

more experienced teammate who is dictating his observations as a primary. This 

mentoring situation can be a valuable asset to a citizen-science program by broadening 

the pool of potential participants, especially if it attracts younger birders. However, the 

dependent double observer technique requires more training for volunteers, both in 

performing the count protocol and in completing the more complex datasheet. Since there 

is only one datasheet per team per visit, a well-designed database can make the data entry 

more efficient than for the independent double observer method. As in the independent 

double observer method, training should stress the importance of maintaining 

independence between the two observers. The major disadvantage to the dependent 

double observer method is that it requires two observers at all times; if one team member 

is unable to participate, the remaining surveyor must revert to a single observer count 

using a different data format.   

 

10 min delay double observer method 

The 10 min delay dependent observer point-count technique is useful primarily as an 

assessment tool when evaluating an observer who is dictating his detections to a recorder. 

When using this technique for in-field observer evaluation, it is important to replicate 

trials at each site, since detection probability is affected by prior encounters with a given 
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bird (Riddle et al. 2010a), and the evaluator would be at a disadvantage relative to the 

citizen scientist teams with only a single visit to a novel site. Because both observers are 

not on the same point at the same time, the risk of violating the assumption of 

independence between observers is very low. This method relies on strong bird 

identification skills in both observers, and requires very precise tracking of bird detection 

histories, as observers do not compare datasheets until the end of the morning’s survey to 

minimize the high risk of error in this process. Like the independent double observer 

counts, the 10 min delay count method produces two sets of datasheets, increasing the 

post-survey data entry effort.  One situation where this method may have further 

application is where double observer data are preferable, but an observer prefers to 

perform his point-count without the distraction of another person present. Wh 

 

Future research 

Further research should investigate whether teams performing double observer counts can 

match, in fewer annual visits, the species lists compiled by observer-recorder teams under 

the current eight-visit protocol. Many projects such as atlases and IBA inventories are 

multi-year projects, which require considerable effort. Knowing whether double observer 

techniques could help shorten these projects would be helpful and could potentially save 

both time and resources.  
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Figure 1: The Mississippi River Twin Cities Important Bird Area (IBA) and the study area, a sampling site within the IBA, Battle 

Creek West Regional Park.  
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Figure 2: The addition of a second observer resulted in significantly more species than 

counted by a primary observer alone.  However, there was no significant difference 

between point-count treatments in the number of species counted either by the primary 

alone or by both observers together. 
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Table 1: Joint detection probabilities (P) as calculated in DOBSERV using species groupings based on shared detection characteristics 

for the 34 species used in analyses. Standard error (SE) for independent double observer could not be calculated using the best 

candidate model P(s,i) due to variance-covariance problem in DOBSERV (Hines 2000).  

 
 
 10 min delay Dependent Independent 
 P(s,i) P(s,.) P(s,i) 
Species P SE(P) P SE(P) P SE(P) 
American Crow 0.9925 0.0032 0.9714 0.0187 0.9918 NA 
American Goldfinch 0.9867 0.0023 0.9872 0.0054 0.9899 NA 
American Robin 0.9647 0.0085 0.9790 0.0142 0.9816 NA 
Black-capped Chickadee 0.9897 0.0033 0.9935 0.0048 0.9903 NA 
Blue-gray Gnatcatcher 0.9635 0.0135 0.8811 0.0872 0.9670 NA 
Brown-headed Cowbird 0.9763 0.0046 0.9513 0.0196 0.9821 NA 
Blue Jay 0.9647 0.0085 0.9790 0.0142 0.9816 NA 
Cedar Waxwing 0.9130 0.0335 0.9867 0.0163 0.9670 NA 
Chipping Sparrow 0.9751 0.0101 0.7025 0.2136 0.9754 NA 
Common Yellowthroat 0.9855 0.0110 0.9184 0.0926 0.9524 NA 
Downy Woodpecker 0.9867 0.0023 0.9872 0.0054 0.9899 NA 
Eastern Bluebird 0.9647 0.0085 0.9790 0.0142 0.9816 NA 
Eastern Phoebe 0.9647 0.0085 0.9790 0.0142 0.9816 NA 
Eastern Towhee 0.9647 0.0085 0.9790 0.0142 0.9816 NA 
Eastern Wood-Pewee 0.9848 0.0062 0.9968 0.0038 0.9896 NA 
Field Sparrow 0.9722 0.0336 0.9037 0.0735 1.0000 NA 
Great Crested Flycatcher 0.9696 0.0063 0.9781 0.0118 0.9938 NA 
Gray Catbird 0.9763 0.0046 0.9513 0.0196 0.9821 NA 
Hairy Woodpecker 0.9696 0.0063 0.9781 0.0118 0.9938 NA 
House Wren 0.9763 0.0046 0.9513 0.0196 0.9821 NA 
Indigo Bunting 0.9867 0.0023 0.9872 0.0054 0.9899 NA 
Northern Cardinal 0.9894 0.0030 0.9937 0.0046 0.9922 NA 
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Ovenbird 0.9763 0.0046 0.9513 0.0196 0.9821 NA 
Pileated Woodpecker 0.9696 0.0063 0.9781 0.0118 0.9938 NA 
Red-bellied Woodpecker 0.9696 0.0063 0.9781 0.0118 0.9938 NA 
Red-eyed Vireo 0.9983 0.0017 0.9938 0.0075 0.9977 NA 
Red-winged Blackbird 0.9985 0.0016 0.9990 0.0022 1.0000 NA 
Scarlet Tanager 0.9697 0.0345 0.9037 0.0735 0.9624 NA 
Song Sparrow 0.9956 0.0016 0.9967 0.0026 0.9962 NA 
Unknown bird 0.9000 0.0822 0.9037 0.0735 0.9239 NA 
Unknown Woodpecker 0.9091 0.4820 0.9037 0.0735 0.9519 NA 
White-breasted Nuthatch 0.9856 0.0056 0.9775 0.0161 0.9837 NA 
Wild Turkey 0.9481 0.0540 0.9037 0.0735 1.0000 NA 
Yellow-throated Vireo 0.9696 0.0063 0.9781 0.0118 0.9938 NA 
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Figure 3: Mean joint detection probabilities (mean ± standard error) for 10 min delay 

(0.9708±0.0040), dependent (0.9554±0.0096), and independent (0.9828±0.0028) double 

observer point-count treatments were significantly different. Pair-wise comparisons 

indicate significant differences between mean joint detection probabilities of 10 min 

delay and independent counts (Z = 2.76, N = 34, P = 0.006) and independent and 

dependent counts (Z = 3.16, N = 34, P = 0.002), but not between 10 min delay and 

dependent double observer counts (Z = 0.061, N = 34, P = 0.95). Data for 34 species 

common to all three point-count techniques.  
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Table 2: In addition to quantitative measures, each of the three point-count techniques was evaluated based on its performance relative 

to several qualitative factors relevant to citizen-science monitoring. 

 
 Point-Count Techniques 
Factors 10 min Delay Independent Dependent 
Data sheet layout and ease of use 
 

Simple 
 

Simple 
 

Complex 
 

Risk of observers violating independence 
 

Minimal 
 

Moderate/High 
 

Moderate/High 
 

Potential for observer mentoring 
 

Minimal 
 

Moderate 
 

High 
 

Data entry effort post-survey 
 

High 
 

High 
 

Low 
 

Comparison of bird detection histories End of morning After each point Part of data collection 

Flexibility of technique 
 

Can be performed by single 
observer if necessary 

Can be performed by single 
observer if necessary 

Requires two observers at 
all times 
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Appendix 1: All species counted during the study, with an X indicating that a species was recorded during trials for a given point-

count technique. Species groupings for DOBSERV analysis were based on shared detectability characteristics.  

  Point-Count Method  

Common Name Scientific Name 
10 min 
delay Dependent Independent Group 

American Goldfinch Carduelis tristis X X X Mean detection distance 28-35m 
Downy Woodpecker Picoides pubescens X X X 50-75% detections by vocalization 
Indigo Bunting Passerina cyanea X X X   
Blue-gray Gnatcatcher Polioptila caerulea X X X   
Tree Swallow Tachycineta bicolor X      
Rose-breasted Grosbeak Pheucticus ludovicianus X X X >75% detections by vocalization 
Alder Flycatcher Empidonax alnorum   X     
Yellow Warbler Dendroica petechia     X   
Great Crested Flycatcher Myiarchus crinitus X X X   
Hairy Woodpecker Picoides villosus X X X >50% detections by vocalization 
Red-bellied Woodpecker Melanerpes carolinus X X X Mean detection distance cutoff  
Yellow-throated Vireo Vireo flavifrons X X X  >35m 
Pileated Woodpecker Dryocopus pileatus X X X   
American Robin Turdus migratorius X X X   
Baltimore Oriole Icterus galbula X X X   
Blue Jay Cyanocitta cristata X X X   
Eastern Bluebird Sialia sialis X X X Mean detection distance cutoff  
Eastern Phoebe Sayornis phoebe X X X  >44m 
Eastern Kingbird Tyrannus tyrannus X X X   
Eastern Towhee Pipilo erythrophthalmus X X X   
Red-winged Blackbird Agelaius phoeniceus X X X Mean detection distance cutoff  
Northern Flicker Colaptes auratus X X   <35m 
Common Grackle Quiscalus quiscula X X X >75% detections by sight 
Killdeer Charadrius vociferus X     Primarily ground gleaners 
Brown-headed Cowbird Molothrus ater X X X  
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House Wren Troglodytes aedon X X X   
Gray Catbird Dumetella carolinensis X X X Primarily ground/low foliage  
Ovenbird Seiurus aurocapillus X X X  gleaners 
House Finch Carpodacus mexicanus X X     
Ruby-throated Hummingbird Archilochus colubris X X X   
Yellow-billed Cuckoo Coccyzus americanus X X X   
Mourning Dove Zenaida macroura X X X   
Northern Rough-winged 
Swallow Stelgidopteryx serripennis X      
Red-breasted Nuthatch Sitta canadensis X X     
Broad-winged Hawk Buteo platypterus X  X Other "rare" species (counts <10) 
Barn Swallow Hirundo rustica X      
American Redstart Setophaga ruticilla   X     
Cooper's Hawk Accipiter cooperii    X   
Unknown Swallow     X   
Unknown Sparrow   X       
American Crow Corvus brachyrhynchos X X X   
Black-capped Chickadee Poecile atricapillus X X X   
Chipping Sparrow Spizella passerina X X X   
Common Yellowthroat Geothlypis trichas X X X   
Eastern Wood-Pewee Contopus virens X X X   
Northern Cardinal Cardinalis cardinalis X X X   
Red-eyed Vireo Vireo olivaceus X X X   
Song Sparrow Melospiza melodia X X X No group; counts >10 
Field Sparrow Spizella pusilla X X X   
White-breasted Nuthatch Sitta carolinensis X X X   
Wild Turkey Meleagris gallopavo X X X   
Cedar Waxwing Bombycilla cedrorum X X X   
Scarlet Tanager Piranga olivacea X X X   
Unknown Bird  X X X   
Unknown Woodpecker   X X X   
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Chapter 4 

 
 
 
 
 
 
 
 

Seasonal value of urban Mississippi River Twin Cities Important Bird 

Area habitat to migrating and breeding landbirds 
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Increasing urban development across North America threatens not only breeding habitat 

for migrating landbirds but also the stopover habitat they require to rest and refuel. The 

Mississippi River Twin Cities Important Bird Area (IBA) covers over 14,000 ha of 

residential, commercial, and open space along the Mississippi River between 

Minneapolis and Hastings, Minnesota. The purpose of this study was to investigate the 

relationships between land use/land cover surrounding urban parks in the Mississippi 

River Twin Cities IBA and the composition of landbird communities present in the IBA 

during spring migration and summer breeding seasons. Additionally, I evaluated this 

habitat’s value to migrating and breeding landbirds. We analyzed point-count data 

collected by citizen scientists at 8 park/reserve sites in the IBA from 2007 to 2010 for the 

Mississippi River Twin Cities IBA Landbird Monitoring Program. For spring migration 

and breeding season data, we calculated species richness, diversity, and evenness for 

landbird communities at each site and grouped species into three classes for conservation 

and four for migration. We used analysis of variance, cluster analysis, and an information 

theoretic approach to rank multiple regression models and evaluated how these 

community measures vary across sites with land use/cover and between seasons. We 

found that species richness, diversity, evenness, and native migrant landbird densities 

responded negatively to increased impervious cover. Generally, the response in landbird 

community measures was more pronounced during the breeding season than during 

migration, suggesting that even lower-quality bird habitat within the IBA may host 

migrating birds. Management of land targeting breeding birds should aggressively 

mitigate the impacts of surrounding urban development especially within 250m of IBA 

sites.  
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INTRODUCTION 

The past several decades have witnessed significant declines in many North American 

bird populations, with nearly 30% of bird species in the United States recognized as 

endangered, threatened, or of conservation concern (NABCI 2009). Across much of 

North America, habitat loss and degradation due to urban development drive major 

changes in native bird communities and populations. As with other organisms, bird 

species richness decreases with increasing urbanization, with native “urban avoider” 

species that are predominant in undisturbed habitats replaced in built landscapes by 

“urban exploiters,” species that thrive on the suite of changes driven by human land uses 

(Blair 1996, Blair and Johnson 2008). The resulting homogenization of bird communities 

is repeated in cities across the continent (Blair 2001, Chace and Walsh 2006). With the 

accelerating conversion of land to human-dominated uses, conservation and management 

of native bird populations will require a deeper understanding of how urbanization 

impacts both resident and migrating birds. 

 

Landbirds that breed in North America and overwinter in South and Central America are 

one of the most threatened groups of birds in the Western hemisphere (Askins 1995). 

Many of these species favor intact interior forests, shrublands, and grasslands for 

breeding, habitat that is increasingly fragmented by the spread of urban development. 

These birds also require habitat in which to rest, feed, and re-build energy reserves during 

their trans-continental migration in the spring and fall. While urban parks and green 

spaces may not be suitable breeding habitat for migrant landbirds, they may serve as 

critical “refuelling” habitat en route to less impacted breeding habitats (Mehlman et al. 

2005). Understanding the role of city parks and open space as potential migration habitat 

is a key element of building comprehensive conservation strategies that address the needs 

of migratory bird species in an increasingly urban world.  

 

Mississippi River Twin Cities Important Bird Area Landbird Monitoring Program 

In the United States, the Important Bird Area (IBA) program can serve as a powerful tool 

to identify and monitor valuable bird habitat that may not be protected by any state or 
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federal designation, especially in urban areas. Started in the 1980s in Europe by BirdLife 

International, the IBA program has developed into a global initiative that promotes bird 

conservation by identifying habitat critical to birds at any stage of their life cycle 

(migration, breeding, overwintering) and working to protect these habitat areas (Chipley 

1999). In addition to the general nomination criteria (habitat protecting 

threatened/endangered species; habitat protecting endemic species or those with restricted 

ranges; habitat protecting species with biome-specific breeding ranges; and habitat 

hosting large congregations/colonies of species), states or provinces may develop more 

locally relevant criteria. Minnesota, for example, has an additional nomination criterion 

recognizing areas that support long-term avian research, monitoring, or have habitat 

value in an urban setting (MN IBA Technical Committee 2003). 

 

Situated along the Mississippi River Flyway, remaining open spaces in the highly 

urbanized Twin Cities metropolitan area have the potential to act as valuable migration 

stopover habitat. The Mississippi River Twin Cities Important Bird Area, stretching 

downstream along the banks of the Mississippi River from downtown Minneapolis to 

Hastings, MN, includes a network of city and regional parks along the river managed by 

several different entities and encompassed by the Mississippi National River and 

Recreation Area (MNRRA), which is administered by the National Park Service. The 

area was recognized as an IBA under three Minnesota criteria: habitat for large 

assemblages of waterfowl during migration and waterbirds during breeding (MN-1); 

habitat for endangered, threatened, or species of conservation concern (Peregrine Falcon, 

Bald Eagle, Black-crowned Night Heron) (MN-2); site with long-term research value and 

high species diversity in an urban area (MN-4). While this area has demonstrated value to 

migrating waterbirds and waterfowl (Bardon 2001, Lidell and Cooper 1998), its value to 

landbirds is less clear. While the IBA nomination listed 155 landbird species (Galli 

2005), these observations come from only two sites covering a fraction of the entire IBA, 

and beyond this species list, little was known about how landbirds use the site during 

migration, breeding, or winter. To address this gap in information and gather data which 

could inform land management and restoration within the IBA, in 2007 we launched the 
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Mississippi River Twin Cities IBA Landbird Monitoring Program, a citizen-science 

monitoring protocol designed to provide information about how landbird species use the 

IBA during migration and breeding (Homayoun and Blair 2009).  

 

The purpose of this study is to examine the relationships between land use/land cover 

surrounding urban parks that comprise the Mississippi River Twin Cities IBA and the 

composition of landbird communities present in the IBA during spring migration and 

summer breeding seasons. Specifically, we (1) evaluated the extent of developed land 

use/cover surrounding parks in the IBA; (2) compared the composition of landbird 

communities between parks in the IBA both during spring migration and summer 

breeding seasons; (3) identified areas in the IBA that act as “hotspots” during either 

migration or breeding; and (4) analyzed relationships between community characteristics 

and land covers within and around parks in the IBA. We seek to assess the value of this 

habitat area to both migrating and breeding landbirds with the goal of generating 

management recommendations for both migrating and breeding landbird habitats in the 

IBA. 

 

METHODS 

Study site 

The Mississippi River Twin Cities Important Bird Area (IBA) contains approximately 

14,751 ha of open space, residential, and industrial land uses along the Mississippi River 

from the Washington St. Bridge in downtown Minneapolis to Lock and Dam #2 near 

Hastings, MN (Figure 1). In 2005, various stakeholders met to discuss goals and priorities 

for the IBA. Based on areas identified by land managers as monitoring site candidates, 

we designated 10 publicly accessible park or reserve sites within the IBA as sampling 

sites: Mississippi River Gorge area, Minnehaha Park, Hidden Falls Regional Park, 

Crosby Farm Regional Park, Lilydale Regional Park, Battle Creek East Regional Park, 

Battle Creek West Regional Park, Grey Cloud Scientific & Natural Area (SNA), Lower 

Spring Lake Regional Park (Archery Range), Lower Spring Lake Regional Park 

(Schaar’s Bluff). We assigned each park 10 to 14 sampling points depending on site area. 
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Keeping sampling points separated by 250 m, we randomized sampling points and 

snapped them to accessible trails using ArcGIS. 

 

Bird monitoring protocol 

Citizen scientist birders recruited from local Audubon chapters and through the 

Minnesota Ornithologist’s Union collected landbird data using 5-min point-counts, 

recording all birds seen and heard within 50 m and beyond 50 m. Any additional species 

encountered between sampling points or outside of the count period were recorded as 

supplemental observations. Volunteers surveyed each site 6 times during migration (mid-

April through the end of May) and 2 times during the breeding season (June) (for details 

on training and methods, see Homayoun and Blair 2009). Starting in 2010, volunteers 

entered their observations into a SQL database using an online data entry portal housed at 

www.ibamonitoring.org.  

 

IBA land use/land cover analyses 

In ArcGIS 9.0 (ESRI 2004), we used 2003-2004 Farm Service Administration color 

orthophotos and the 2000 Twin Cities Metro Hybrid Landcover layer (constructed by the 

University of Minnesota’s Remote Sensing Lab using multiple land use/land cover 

sources) to evaluate the land use/land cover within the 10 sampling sites in the IBA. 

Because not all of the area within the sites’ administrative boundaries was covered during 

bird surveys, we used Hawth’s Analysis Tools ArcGIS extension (Beyer 2004) to 

construct minimum convex polygons around the sampling points at each of the 10 sites to 

serve as the functional sites. We added buffers around each functional site at distances of 

50, 100, 250, 500, 800, and 1000m and performed a thematic raster summary to tabulate 

the percent cover within the functional sites (0m) and at each buffer distance for 10 land 

use/land cover categories: 5-25% impervious cover, 26-50% impervious cover, 51-75% 

impervious cover, 76-100% impervious cover, turf/golf, agriculture, forest, shrub, 

wetland, tall grass. In order to establish an urbanization gradient, we analyzed the percent 

cover around each of the 10 functional sites out to 1000m. In ArcGIS, we calculated the 

distance from the center of each functional site to the downtown cores of Minneapolis 
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and Saint Paul and regressed the mean distances to downtown cores against the total 

percent impervious cover within and around each site.  We used a cluster analysis to 

evaluate the similarity of functional sites based on the land cover within and around 

them. All calculations were performed in JMP 8.0 (SAS Institute 2009). 

 

IBA landbird community calculations  

We used point-count data collected between April 2007 and July 2010 to analyze bird 

communities in the IBA during spring migration and breeding seasons. Since we are 

evaluating across sites and not across years, data from all four years were pooled, with 

calculations and analyses for migration (data collection dates from April to May 30) and 

breeding (data collected June 1 through July) seasons performed separately. To account 

for variations in sampling effort between sites, we adjusted raw count data for each site 

by averaging the number of visits to each point across all sites and dividing the actual 

visits per point at each site by this average (Swanson et al. 2003). We calculated relative 

densities for each species (Bibby et al. 1992); since many species had small count 

numbers at individual sites, we pooled counts >50m across sites and total counts for each 

species across sites in order to calculate the term for detection probability across all sites 

and multiple observers for each individual species. Species for which densities could not 

be calculated were dropped from the analyses. Due to short site occupancy during 

migration, all species for which relative density could be calculated were included in the 

migration analysis.  Species accounting for less than 0.5% of a site’s relative abundance 

were dropped from the breeding season analysis to try to limit the analysis to species 

likely to set up breeding territories and eliminate any birds still migrating through. We 

excluded two sites from all analyses since they had fewer than three years of data (Battle 

Creek East Regional Park and Minnehaha Park). While we standardized sampling effort 

within seasons, we wished to make comparisons between spring migration and breeding 

season data. In order to determine whether sites had been adequately sampled during both 

migration and breeding seasons, we constructed species accumulation curves in PC-Ord 

(McCune and Mefford 1999), which estimates total species richness by sub-sampling 500 

times for each plot size (in this case, number of visits) and plotting number of species by 
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number of plots/visits. We constructed curves for each of the eight sites during both 

migration and breeding seasons.  

 

For each of the eight remaining sites, we calculated Shannon diversity (H’), species 

evenness (E) and species richness (S) during spring migration and during breeding season 

(Hayak and Buzas 1997, Magurran 1988). These measures were also calculated for each 

sampling point. We assigned each species into one of three conservation classes and one 

of four migration classes. Species of Greatest Conservation Need in Minnesota (SGCN) 

were designated per state recognition (MNDNR 2006). Native (N) species are native to 

Minnesota but not SGCN, and exotic (EX) species have been introduced. Per Pennington 

et al. (2008), permanent residents (P) are those species that reside in the Twin Cities 

metro year-round; short-distance migrants (SD) overwinter at least partially north of the 

United States-Mexico border. Resident neotropical migrants (RNM) overwinter south of 

the United States-Mexico border and breed in the Twin Cities metro, while en-route 

neotropical migrants (ENM) are merely passing through the area on their way to more 

northerly breeding grounds. We calculated the cumulative relative density and species 

richness for each of these seven classes during both migration and breeding seasons.  

 

Comparison of IBA landbird communities across sites 

In order to compare landbird community composition between functional sites within the 

IBA during migration and breeding, we used calculations of S, H’, and E at each 

sampling point (n=120) to provide replicates for analyses of variance (ANOVA). Since 

data were normal but variances between sites were unequal, we performed Welch’s 

ANOVA and used the Tukey-Kramer Honestly Significant Difference to make pair-wise 

comparisons between sites.  

 

In addition to evaluating differences between sites, we considered similarities in 

community composition across sites in the IBA. Using community measures and 

conservation/migration classes calculated at each site (n=8), we conducted cluster 

analyses (hierarchical, Ward) for migration and breeding landbird communities in JMP 
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using densities for individual species, S, E, H’, and species richness for each of the 

migration and conservation classes.  

 

Spring migration and breeding season hotspots 

One of our primary objectives was to identify areas in the IBA that hosted high numbers 

of SGCN or sites that had potential to be “hotspots” during either breeding season or 

migration. In order to identify these areas, we compared S, E, H’, and species richness 

and cumulative densities for all conservation and migration classes between sites during 

the two seasons, looking for sites with high numbers or densities of SGCN or other 

groups of interest, such as neotropical migrants.     

 

Relationship between landbird community composition and landscape factors 

We used multiple regression analysis to investigate the relationship between migration 

and breeding season landbird community measures and conservation/migration classes 

and land covers within and surrounding the functional sites. Since this is a primarily 

urban IBA, there is not much opportunity to significantly alter land uses far beyond the 

boundaries of the parks/reserves along the river. Therefore, we chose to focus on land 

covers within (0m) and 50m, 100m, and 250m outside the functional sites. We evaluated 

the 10 land use/land cover categories to determine which should be included in our 

models. Landscape factors comprising <3% of the total cover in the analysis area 

(agriculture, shrub, and wetland) were excluded. The four classes of impervious cover 

were all highly correlated (17 out of 24 correlations had r > 0.5) at all four distances, so 

we chose to aggregate percent impervious cover into a single category. In regressions 

between species richness and impervious cover, 5-100% impervious cover (R2
adj = 0.54, 

AICC = 54.189) did not yield a substantial improvement in explanatory power compared 

to 26-100% impervious cover (R2
adj = 0.51, AICC = 54.807). Since there was no 

appreciable difference between the two variables, we chose to use the more conservative 

26-100% impervious cover, as it is more reasonable to say that 30m2 plots with >25% 

impervious cover are functionally impervious. Moreover, watershed studies suggest that 

25% impervious cover is a threshold at which water quality is seriously impacted (Center 
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for Watershed Protection 2003). As all sites are located along the Mississippi River, we 

treated water as a constant rather than a variable and did not include it as a variable in the 

regressions.  

 

Thus our four final predictor variables for the eight IBA sites were 26-100% impervious 

cover, turf/golf, tall grass, and forest. There were 10 response variables: three community 

measures (S, H’, and E); three conservation classes (density SGCN, density N, and 

density EX); and four migration classes (density P, density SD, density RNM, and 

density ENM).  All variables were analyzed for spring migration data. Because exotic 

species were represented on only three sites during breeding season, this class was not 

analyzed for this season. As no ENM were recorded during the breeding season, this class 

was also excluded from analysis. We tested all response variables for normality using a 

Shapiro-Wilk test for normality; non-normal response variables were natural log 

transformed.  

 

We used an information-theoretic approach to model selection, using Akaike’s 

Information Criterion adjusted for small sample sizes (AICC) to select best candidate 

models. Unlike hypothesis testing that relies on p-values, information-theoretic model 

selection using AIC balances predictive power with parsimony; a model need not be 

“significant” in order to be the best candidate model (Burnham and Anderson 2002). 

Rather than select a single best model (where ΔAICC =0), which may exclude other 

models that fit the data well, we considered all models with ΔAICC <2 to be competitive 

with the best model. We analyzed land cover variables at each buffer distance separately 

and generated 15 candidate models for each response variable during migration and 

breeding seasons. Since AIC is not influenced by the order in which terms enter multiple 

regression (Burnham and Anderson 2002), we used the stepwise regression function in 

JMP to generate candidate models, AICC values, and adjusted R2 values (to assess fit). 

We calculated Akaike weights (wi) for each model as a means of evaluating the 

likelihood of the model being the best candidate model and Akaike weights for each 

explanatory variable to measure the relative contributions of each variable in the model 
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set and highlight important landscape variables that may not appear in the best candidate 

model.  

 

RESULTS 

IBA land use/land cover analyses 

The eight IBA sites we evaluated lie on an urban-to-rural gradient, with sites upstream 

generally surrounded by higher percent impervious cover (5-100%, 0m-1000m 

combined) than those farther downstream. The only discrepancies are Crosby Farm Park 

(lower percent impervious than Lilydale Park) and Battle Creek West Park (higher 

impervious cover than Lilydale). The three sites farthest downstream show a substantial 

reduction in impervious cover, even as their percent natural cover is in some cases lower 

than sites closer to the urban cores (Figure 2). Sites that have a greater average distance 

from the Minneapolis and St. Paul downtown cores have lower total percent impervious 

cover (from 0m-1000m) (R2 adj =0.91, F=70.33, p=0.0002) (Figure 3).  In contrast, 

percent natural cover (forest, tall grass, wetland, shrub) appears to peak at intermediate 

levels of urbanization (quadratic fit, R2 adj =0.60, F=6.21, p=0.044). However, the lower 

percent natural cover around Schaar’s Bluff may be due to the large percentage of both 

turf/golf within and agriculture directly surrounding this site. A cluster analysis of all 10 

land cover categories at all seven scales around the functional sites suggested two main 

clusters in the sites (Figure 4), with the three sites farthest downstream being more 

similar to one another than to any of the five sites in the upstream cluster. The 

Mississippi River Gorge and Grey Cloud SNA also branch early in the dendrogram; the 

gorge is much narrower and more urban than any of the other sites, while Grey Cloud is 

primarily restored tall grass rather than forest. In graphs and tables, we will present sites 

moving from upstream (the most urban sites) to downstream (the least urban sites).  

 

Comparison of IBA landbird communities across sites 

Between April 2007 and July 2010, citizen scientist observers recorded 135 landbird 

species during point-counts at all 10 sampling sites (Appendix 1) and an additional four 

species as supplemental observations (Appendix 2). They counted a total of 39,508 birds 
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during 206 migration site visits and 80 breeding season visits. Out of this total, 133 

species were recorded during the spring migration period from mid-April through the end 

of May, while 92 species were recorded on the IBA during the summer breeding season 

(June through mid-July). Based on our analysis criteria, we included 110 species in our 

spring migration analyses and 58 species in the breeding season analysis. Species 

accumulation curves for all eights sites during both seasons appeared to be levelling 

asymptotically. Standard deviations for average number of species during breeding 

season ranged between 0.78 and 1.73; during spring migration, standard deviations for 

average number of species ranged from 0.75 and 1.08.   

 

Investigation of landbird community measures, conservation class, and migration class 

revealed substantial seasonal differences in the IBA’s landbird composition (Table 1). 

Species richness (S) and Shannon diversity (H’) were significantly lower on IBA sites 

during the breeding season than during migration (Wilcoxon rank-sum for S, Z=3.32, 

p=0.0009; t-test for H’, t=4.31, p=0.0004). When regressed against total percent 

impervious cover at all distances, S increased during both migration (R2
adj=0.83, 

p=0.0009) and breeding (R2
adj=0.84, p=0.0008) as site urbanization decreased. Shannon 

diversity likewise increased with decreasing impervious cover during migration 

(R2
adj=0.26, p=0.11) and breeding (R2

adj=0.81, p=0.0015). Species evenness  (E) was 

significantly higher during breeding than migration (t-test, t=-7.64, p<0.0001), but 

generally did not appear to differ along the urban gradient during either migration 

(R2
adj=-0.12, p=0.64) or breeding (R2

adj=-0.08, p=0.52). The number native species (N) 

counted during migration (

€ 

x  = 62.75) was more than double that counted during the 

breeding season (

€ 

x  = 27.75), and there were significantly more Species of Greatest 

Conservation Need (SGCN) counted during migration than during breeding season (t-

test, t=8.00, p<0.0001). The number of exotic (EX) counted is fairly constant across sites; 

there are likely fewer recorded during breeding season owing to the 0.5% relative 

abundance criteria.  There is a general increase in the number of N across sites as 

urbanization decreases during both migration (R2
adj=0.89, p=0.0003) and breeding 

(R2
adj=0.65, p=0.0096). During migration, there appears to be a moderate increase in 
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SGCN as site urbanization decreases (R2
adj=0.56, p=0.02), and during breeding, the three 

least urbanized sites have significantly more SGCN than those upstream (Fisher’s exact 

test, p=0.0019). While the overall number of permanent residents (P) is significantly 

higher during migration than breeding (t-test, t=7.40, p<0.0001), the difference is even 

more pronounced in the other migratory classes. There are substantially more short-

distance (SD) migrants (t-test, t=9.70, p<0.0001) and resident neo-tropical migrants 

(RNM) (Wilcoxon rank-sum for S, Z= 3.33, p=0.0009) on the IBA during migration than 

during breeding season. As expected, there were no en-route neo-tropical migrants 

(ENM) counted during breeding season.  During migration, the number of P increased 

moderately with increasing urbanization around sites (R2
adj=0.45, p=0.04), while the 

opposite was true during breeding season (R2
adj=0.27, p=0.11). The number of ENM 

species remained fairly constant across sites during migration (R2
adj=-0.05, p=0.44); the 

number of SD and RNM counted, on the other hand, increased with decreasing site 

urbanization (for SD, R2
adj=0.75, p=0.003; for RNM, R2

adj=0.74, p=0.004). During the 

breeding season, SD and RNM were relatively constant across most sites but peaked at 

sites with the lowest percent impervious cover (for SD, R2
adj=0.64, p=0.01; for RNM, 

R2
adj=0.68, p=0.007). 

 

There was a significant difference in mean S across sites during both spring migration 

(F=16.86, p<0.0001) and the breeding season (F=10.89, p<0.0001), with S generally 

increasing as sites’ urbanization decreased during both seasons (Figure 5). Pair-wise 

Tukey-Kramer HSD tests for spring migration data showed a significant difference in 

mean S between 15 pairs of sites (out of 64 pairs) while breeding season data indicated a 

significant difference in mean S between 12 pairs of sites (out of 64 pairs), with sites 

farther apart more likely to be different (Table 2). Shannon diversity (H’) also differed 

significantly between sites during both migration (F=4.10, p=0.002) and breeding seasons 

(F=7.19, p<0.0001). The general increase in H’ with decreasing site urbanization was 

clearer during breeding season than during migration (Figure 6). In contrast to S, pair-

wise site comparisons indicate a significant difference in mean H’ during migration 

between only one pair of sites, Lower Spring Lake and Lilydale, and a significant 
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difference in mean H’ between only six pairs of sites during breeding season. While 

mean species evenness (E) was significantly different between sites during both 

migration (F=9.29, p<0.0001) and breeding seasons (F=3.35, p=0.0073) pair-wise 

comparisons indicated a significant difference in mean migration E in four pairs of sites 

and only one pair (Crosby Farm and nearby Hidden Falls) during breeding season (Table 

2). Species evenness showed no clear pattern across the IBA during either spring 

migration or breeding season (Figure 7) but the two most urban sites had the highest E 

during both seasons. Two of the sites with the lowest mean E during migration, Crosby 

Farm and Grey Cloud, had large variances relative to other sites. 

 

Overall, the clustering pattern for sites in the IBA (Figures 8a&c) based on species 

densities, S, E, H’, and the composition of migration and conservation classes is fairly 

similar between migration and breeding seasons. However, the sites displayed differing 

clustering patterns in migration and breeding seasons when clustering was performed 

using only community measures (S, E, and H’) and species richness for migration and 

conservation guilds. In the breeding season dendrogram (Figures 8d), sites closer together 

tend to have more similar landbird community profiles, with more urban sites clustering 

together. This pattern is less cohesive during migration (Figure 8b).  

 

Spring migration and breeding season hotspots 

There were no individual sites with unusually high concentrations of landbirds during 

spring migration, species richness of Species of Greatest Conservation Need in 

Minnesota (SGCN), native species (N), short-distance migrants (SD), and resident neo-

tropical migrants (RNM). However, Lower Spring Lake and Schaar’s Bluff had the 

highest species counts for SGCN, N, permanent residents (P), and RNM. While its 

species counts were not substantially higher than Schaar’s Bluff, Lower Spring Lake has 

the most SGCN during spring migration and had higher N, SD, RNM, and en-route neo-

tropical migrants (ENM) densities relative to most other sites in the IBA (Figure 9). En-

route neotropical migrant species richness is highest at Crosby Farm, which has an 
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intermediate level of urbanization. Visual inspection of the data suggests that Crosby 

Farm also has high species richness for both SGCN and RNM. 

 

In contrast, the three least urbanized sites (Grey Cloud, Lower Spring Lake, and Schaar’s 

Bluff) have potential as high quality landbird habitat during the breeding season in this 

IBA (Figure 10).  Grey Cloud SNA hosts a high species count and density of SGCN as 

well as a number of grassland-breeding SD. Lower Spring Lake has the greatest number 

and highest density of N in the IBA and appears to be a hotspot for RNM during breeding 

season. Unlike spring migration, the species count of P during the breeding season 

generally decreases as urbanization decreases, but peaks again at Schaar’s Bluff.  

 

Relationship between landbird community composition and landscape factors 

During spring migration, impervious cover was the most common land cover variable in 

best candidate models. With the exception of exotic (EX) and permanent resident (P) 

species density, all community measures and migration and conservation classes 

responded negatively to impervious cover (Table 3). Species richness showed the 

strongest negative response to impervious cover at all distances (R2 adj > 0.6). Best 

candidate models for Shannon diversity (H’) and evenness (E) indicated a positive 

response to percentage turf/golf out to 250m. Species of Greatest Conservation Need in 

Minnesota (SGCN) showed a strong positive response (R2 adj > 0.6) to percent tall grass 

at all scales. In addition to a positive response to impervious cover at smaller scales, the 

density of EX also showed a negative response to percent forest cover from 50m to 

250m. Permanent resident density responded negatively to tall grass and turf/golf and 

positively to impervious cover. All other migration classes—short-distance migrants 

(SD), resident neotropical migrants (RNM), and en-route neotropical migrants (ENM)—

responded negatively to impervious cover and positively to tall grass. Adjusted R2 values 

for most competitive candidate models for E, N, RNM, and ENM were negative or close 

to zero.  
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During the breeding season, percent impervious cover and tall grass emerged as the most 

influential land cover variables for most of the community measures and migration and 

conservation classes (Table 4). With the exception of P, all community measures and 

classes responded negatively to impervious cover and positively to forest and grassland 

cover. Species richness (S) responded negatively to impervious cover at all four scales 

and positively to tall grass within the site (0m) and at 50-100m. Shannon diversity (H’) 

likewise responded negatively (R2 adj > 0.44) to percent impervious cover at all scales 

while the best candidate models at all scales indicated a strong positive response of 

evenness to forest cover, especially within and out to 50m beyond sites (R2 adj >0.75).  

The density of SGCN showed a strong positive response (R2 adj >0.63) to tall grass and a 

strong negative response to impervious cover (R2 adj >0.68) at all scales. While best 

candidate models for SD densities also indicated positive responses to tall grass, N and 

RNM densities showed positive responses to percentage forest cover. Adjusted R2 values 

for best candidate models (ΔAICC = 0) ranged between 0.13 and 0.81, with the weakest 

model fits for N and RNM.  

 

DISCUSSION 

IBA land use/land cover analyses 

The Mississippi River Twin Cities IBA is a classic example of an urban to rural gradient 

(McDonnell et al. 1997), where, using impervious cover as a metric of urbanization, sites 

closer to the twin downtown cores of Minneapolis and Saint Paul are more urban than 

sites downstream along the Mississippi River. This system is typical of many sprawl-

threatened metropolitan areas in North America, where municipalities are racing to 

design and implement growth strategies that will balance the need for development with 

open-space preservation. The amount of urban land use in the Twin Cities region nearly 

doubled between 1970 and 2005 (Metropolitan Council 2005). While some of our 

findings are encouraging—there is value to landbirds in these habitat islands along the 

Mississippi River—the highest-value sites in this IBA are the ones most at risk of 

increased development. The land surrounding Grey Cloud SNA, Lower Spring Lake, and 
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Schaar’s Bluff is already in anthropogenic use and may be at risk in coming years of 

conversion from agriculture to residential/commercial uses.  

  

Comparison of IBA landbird communities across sites 

During the initial four years of the monitoring program, observers recorded 135 landbird 

species across all 10 sites, compared to 155 species recorded from 1965 to 2004 (Galli 

2005). While observers did not look for evidence of breeding, over 90 landbird species 

were recorded at least once on the IBA during the breeding season. We found that, while 

overall trends in community measures across sites were similar during spring migration 

and breeding season, the magnitude of these trends differed with season. Though 

sampling effort differed between spring migration and breeding seasons, the behavior of 

the species accumulation curves for sampling sites during both seasons suggests the sites 

were sampled adequately during both seasons and that the differences between seasons 

are not the result of sampling effort. Generally, more species would be expected to use 

sites in the IBA during migration than during breeding.  

 

The negative relationship between species richness (S) and diversity (H’) of the landbird 

community and urbanization is consistent with previous studies (see McKinney 2002 for 

review). While the difference between species richness across the IBA was comparable 

between seasons (significant between 15 pairs of sites during migration and 12 pairs 

during breeding), the difference in diversity across sites was much less pronounced 

during migration than during breeding season (significant between only a single pair of 

sites during migration and six pairs during breeding), likely owing to the greater variation 

in evenness during migration. Although the number of native species and Species of 

Greatest Conservation Need both increased with decreasing urbanization, the number of 

exotic species remained fairly constant. This is likely due to the preserve-like nature of 

the IBA sampling sites. While anecdotal evidence from observers suggests that there was 

a healthy population of House Sparrows and European Starlings in the parking lots and 

edges of sites, very few were actually counted during surveys. The only sites with exotic 

urban exploiter species present in sufficient numbers for analysis during breeding season 
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were the two most urban. This suggests that habitat areas in the IBA may be somewhat 

resistant to colonization by exotic urban exploiter species (Blair 1996), in spite of the 

high degree of urbanization surrounding the IBA sites.  

 

Migration classes displayed a similar pattern of seasonal behavior. During migration, the 

increase in short-distance migrants and resident neotropical migrants across sites was far 

less abrupt than during breeding season. Overall, it appears that while greater numbers of 

species tended to aggregate at the least urbanized end of the IBA during breeding season, 

species were more evenly distributed throughout the IBA during migration. This general 

seasonal difference is likely reflective of the transitory nature of migration. The 

Mississippi River Twin Cities IBA can be described as a “convenience store” stopover 

(Mehlman et al. 2005). Since migrants are using this habitat to rest and refuel on the way 

to their final breeding grounds, their occupancy time is shorter and resource requirements 

less constrained than at a breeding site. Released from meeting more stringent breeding 

habitat criteria, migrating landbirds can exploit far more marginal habitat to meet their 

stopover needs. It may be that while increased impervious cover can be detrimental to 

breeding birds, the resultant heat island effect can lead to earlier spring budburst (Gazal 

et al. 2008) which may make urban stopover habitat more attractive to early migrants.   

 

Spring migration and breeding season “hotspots” 

In the Mississippi River Twin Cities IBA, the three least urbanized sites represent an 

especially high-value area during both migration and breeding seasons. However, while 

the least urbanized sites appear to be highest value, more urbanized sites less favorable as 

breeding habitat are still valuable stopover habitat for migrating songbirds. Although 

species richness of native species and Species of Greatest Conservation Need (SGCN) 

both increased with decreasing urbanization, trends in these classes of birds differed with 

season. The magnitude of the increase in native species from the least urban to the most 

urban site was approximately the same between seasons; by contrast, the difference in 

SGCN between sites was far more dramatic during breeding season than during 

migration. Most of the SGCN in Minnesota are urban avoiders, species such as 
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Grasshopper Sparrow, Ovenbird, and Wood Thrush, and we expect these species to be 

absent from more urbanized sites during the breeding season. During migration, however, 

these sites may provide a needed stopover before moving on to less impacted habitat 

areas. 

 

During migration, it may be as important to look at the density of birds moving through 

the IBA as it is to consider species richness. While the cumulative density and species 

richness in each of the conservation and migration classes appeared to closely mirror one 

another during breeding season, species richness and cumulative density for conservation 

and migration classes are not always closely linked during migration (Figures 9 & 10). 

During migration, there are areas that may not have unusually high numbers of species 

but do have high concentrations of birds. For example, while Lower Spring Lake only has 

two additional resident neotropical migrant species compared to Crosby Farm, it has over 

two times the number of resident neotropical migrants per hectare. Likewise, while Grey 

Cloud SNA does not have substantially more SGCN than Lilydale and Crosby Farm, it 

has over three times the number of SGCN per hectare during migration (Figure 9a). Thus, 

while species richness may be an acceptable way to assess high-quality breeding season 

habitat for landbirds, it is important to also consider the numbers of birds when 

evaluating habitat for migration stopovers, especially where species of conservation 

interest are concerned.  

 

Relationship between landbird community composition and landscape factors 

During both seasons, impervious cover was the landscape variable with the highest 

average Akaike weight (wi=0.40) across all response variables (Appendix 3), 

underscoring the negative impact that urban development has on most native birds. 

Overall, the weights for best models (Tables 3 & 4) were higher during breeding season 

than during migration. There was a wide range in goodness-of-fit as indicated by R2 adj 

ranging from 88% of variation explained by the model to negative values (which suggest 

a poor fit).  
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Species richness displayed a strong negative response to percent impervious cover at all 

distances, especially during migration. The stronger response during migration is 

interesting, as we would expect the negative response to impervious cover to be more 

pronounced during breeding season (Pennington et al. 2008). Species of Greatest 

Conservation Need showed a strong positive response to tall grass and strong negative 

response to impervious cover during both seasons. However, the impervious cover model 

only became competitive at the 100m-250m distance during migration, while impervious 

cover models were competitive from 50m-250m for breeding SGCN. Since grassland 

species do not dominate this class, either in species number or density, the strong 

response to tall grass is likely due to the peak in percent tall grass around Grey Cloud 

SNA and Lower Spring Lake, sites that also have very low percentages of impervious 

cover in and around them.  

 

Seasonal differences in response to landscape were more pronounced in longer-distance 

migrants than residents or short-distance migrants. While permanent residents responded 

similarly regardless of season (positively to impervious cover and negatively to tall 

grass), short-distance migrants displayed the opposite response to these variables. The 

positive response to impervious cover in permanent residents may be due to a large 

number of suburban adapter species (Blair 1996) such as Downy Woodpecker, Black-

capped Chickadee, Northern Cardinal, and White-breasted Nuthatch, which can benefit 

from intermediate levels of urbanization. Friesen et al. (1995) found that neither 

permanent residents nor short-distance migrants responded to increased development. 

However, many of the short-distance migrants recorded in the IBA, such as Field 

Sparrow, Eastern Meadowlark, and Hermit Thrush, are urban avoiders, so the negative 

response to impervious cover is not unexpected. By contrast, resident neotropical 

migrants’ response to forest (positive) and impervious cover (negative) was considerably 

stronger during breeding season than during migration. We did not find during migration 

that resident neotropical migrants responded more strongly to forest and impervious 

cover than en-route neotropical migrants. Migration models for both migrant classes had 

very low adjusted R2 values (all <0.06), indicating poor fit. By comparison, Pennington et 
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al. (2008) found that resident neotropical migrants’ response to tree cover and building 

density was stronger than that of en-route neotropical migrants. Our study used land 

use/land cover data at a 30m2 resolution rather than 4m2 and is focused on a site-by-site 

analysis of the landbird community rather than point-by-point. Thus the focus of our 

study may not be fine-scale enough to tease out these differences. However, Rodewald 

and Matthews (2005), also working with 30m2 land cover, found that transient (en-route) 

neotropical migrants showed no significant response to urbanization or forest cover out to 

1000m around their sites. 

 

Most of the migration models’ adjusted R2 values for evenness, natives, resident 

neotropical migrants and en-route neotropical migrants were negative, suggesting none of 

the landscape variables had much explanatory power; additionally, the candidate model 

weights (Table 3) for the response variables were very similar out to 50m, suggesting 

that, at this scale, the “best” model is not substantially more likely than the other 

competitive candidate models. This was not the case with breeding season models, which 

had overall higher adjusted R2 values and higher model weights for best models. The 

difference in response between seasons further supports the idea that migrating landbirds 

are less sensitive to landscape factors than they are when selecting a breeding site; with a 

shorter residence time and fewer resource requirements, criteria for acceptable stopover 

habitat are less stringent than those for breeding habitat. 

 

Management recommendations and future research 

As an urban Important Bird Area, the Mississippi River Twin Cities IBA will face 

ongoing challenges as the Twin Cities metropolitan area continues to grow. It is this 

sustained growth that will cause remaining habitat areas like this one to become 

increasingly valuable to birds, especially migrant species.  

 

While each species has its own optimal habitat profile, and serving the needs of each in 

the IBA would be impossible, the one management strategy that would benefit the largest 

number of native species would be to prevent an increase of impervious cover within 
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250m around the IBA, especially in and around the least impacted sites farthest 

downstream. Generally, native migratory landbird species appear to be more sensitive to 

surrounding landscape composition during the breeding season than during migration. 

Based on our results, mitigating the impact of impervious cover is especially important 

when managing areas for breeding SGCN and overall species richness. Successful 

protection of urban habitat reserves will increasingly depend upon management of the 

landscape matrix around the IBA sites. Birds do not recognize borders; encouraging 

adjacent residential and business park landowners to landscape with native plants 

(Burghardt et al. 2008) and maintain a diverse vegetation structure (Marzluff and Ewing 

2001) may generate more usable habitat, if not for breeding than perhaps as a “fire 

escape” stopover site (Mehlman et al. 2005), or simply a buffer for the parks themselves. 

While most of the natural areas in and around the sites are forested, there are many 

degraded habitat areas in more urban parks in need of restoration. Some of these areas 

may be good candidates for conversion from buckthorn (Rhamnus sp.) deserts into oak 

savannah or grassland.  

 

The reality of urban parks as bird habitat is that they are subject to varying levels of 

human use. Some parks like Grey Cloud SNA have only game trails open to pedestrian 

traffic, while others like Battle Creek West Regional Park are completely perforated by 

mountain bike and hiking trails. Future research investigating the impact of trails in these 

urban parks on breeding and migrant birds might give further insight into how much 

value some of these areas truly have to breeding birds.  
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Figure 1: Mississippi River Twin Cities Important Bird Area (IBA), Minneapolis-Saint Paul metro, Minnesota. Boundaries of the IBA 

are delineated in white. The ten park and reserve data collection sites are outlined in black.   
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Figure 2: Total percent impervious cover (5-100%) and total percent natural cover (forest, shrub, tall grass, wetland) out to 1000m 

around functional sites. Minnehaha Park and Battle Creek East Park were not included in analyses. Sites are ordered upstream 

(Minneapolis, MN) to downstream (Hastings, MN). 
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Figure 3: Linear regression of total percent impervious cover (within sites and out to 1000m buffer distance) by average distance of 

site from downtown cores of Minneapolis and Saint Paul. (R2 adj  = 0.91,  F = 70.33, p = 0.0002). 
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Figure 4: Cluster analysis (Ward, Hierarchical) of eight IBA sites based on 10 land cover classes (5-25% impervious, 26-50% 

impervious, 51-75% impervious, 76-100% impervious, turf/golf, agriculture, tall grass, forest, shrub, wetland) at 0m, 50m, 100m, 

250m, 500m, 800m, and 1000m. 
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Table 1: Community measures, conservation classes, and migration classes for eight analysis sites in the Mississippi River Twin Cities 

Important Bird Area, for spring migration and breeding seasons 2007-2010. Spring migration measures include all species for which 

density could be calculated. Breeding season measures include all species present on a given site at a relative abundance of >0.5%. 

Calculations for community measures were performed for each site. 

 
  Migration  Breeding  

Site S H’ E S H’ E 
Mississippi River Gorge 69 3.5385 0.8357 27 2.8912 0.8772 
Hidden Falls 66 3.2614 0.7784 27 2.9207 0.8862 
Crosby Farm 79 3.3732 0.772 27 2.9834 0.9052 
Lilydale 79 3.1893 0.7299 28 3.0027 0.9011 
Battle Creek West 75 3.4292 0.7943 26 2.9315 0.8997 
Grey Cloud 82 3.4068 0.7731 35 3.0945 0.8704 
Lower Spring Lake 87 3.6924 0.8268 41 3.3719 0.908 

Community Measures 
 

Schaar's Bluff  91 3.7001 0.8203 37 3.2756 0.9071 
S=species richness, H’=Shannon diversity, E=species evenness 

 
  Migration Breeding 

Sites SGCN N EX SGCN N EX 
Mississippi River Gorge 12 55 2 1 25 1 
Hidden Falls 9 55 2 1 25 1 
Crosby Farm 14 63 2 1 26 0 
Lilydale 15 61 3 1 27 0 
Battle Creek West 11 62 2 1 25 0 
Grey Cloud SNA 14 66 2 7 28 0 
Lower Spring Lake 17 69 1 5 36 0 

Species Richness for 
Conservation Classes 

 

Schaar’s Bluff 16 71 4 6 30 1 
SGCN= Species of Greatest Conservation Need in Minnesota, N= native species, EX= exotic.  
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  Migration Breeding 
Sites P SD RNM ENM P SD RNM ENM 
Mississippi River Gorge 9 24 25 11 8 8 11 0 
Hidden Falls 10 23 22 11 7 7 13 0 
Crosby Farm 11 27 28 13 7 7 13 0 
Lilydale 11 31 25 12 6 9 13 0 
Battle Creek West 11 29 26 9 6 9 11 0 
Grey Cloud SNA 10 33 28 11 5 16 14 0 
Lower Spring Lake 13 32 30 12 5 15 21 0 

Species Richness for 
Migration Classes 

 

Schaar’s Bluff 13 35 31 12 7 11 19 0 
P= permanent resident, SD= short-distance migrant, RNM= resident neotropical migrant, ENM= en-route 
neotropical migrant.  
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Figure 5: Mean species richness for eight analysis sites in the IBA with 95% confidence intervals for (a) Migration (b) Breeding 

season. For this analysis, species richness was calculated at each point (n=120). Sites that are not connected by the same letter are 

significantly different by Tukey-Kramer Honestly Significant Difference.  

          
 

        
 

   (a)                   (b) 
 



  94 

Figure 6: Mean Shannon diversity for eight analysis sites in the IBA with 95% confidence intervals for (a) Migration (b) Breeding 

season. For this analysis, Shannon diversity was calculated at each point (n=120). Sites that are not connected by the same letter are 

significantly different by Tukey-Kramer Honestly Significant Difference.  

 
 

     
 

(a)              (b) 
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Figure 7: Mean species evenness for eight analysis sites in the IBA with 95% confidence intervals for (a) Migration (b) Breeding 

season. For this analysis, evenness was calculated at each point (n=120). Sites that are not connected by the same letter are 

significantly different by Tukey-Kramer Honestly Significant Difference.  

 
 

     
 

(a)          (b)
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Table 2: Comparisons of (a) species richness, (b) Shannon diversity, and (c) species evenness 

between eight sites in the IBA during spring migration and breeding season. Results for pair-wise 

Tukey-Kramer Honestly Significant Difference. For this analysis, community measures were 

calculated at each point (n=120).

 
Migration   Breeding      
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(c) Evenness 
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Figure 8: Cluster analysis of eight analysis sites in the IBA based on individual species densities, community measures (species richness, Shannon 

diversity, evenness), species richness of conservation classes (Species of Greatest Conservation Need, native, exotic), and species richness of 

migration classes (permanent resident, short-distance migrant, resident neotropical migrant, en-route neotropical migrant) during migration (a & b) 

and breeding (c &d). 
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Figure 9: Species richness (gray bars) and cumulative densities (black bars) of conservation and 

migratory classes across eight sites in the IBA during spring migration. (a) Species of Greatest 

Conservation Need in Minnesota, (b) native, (c) permanent resident, (d) short-distance migrant, 

(e) resident neotropical migrant, (f) en-route neotropical migrant.  
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Figure 10: Species richness (gray bars) and cumulative densities (black bars) of conservation and 

migratory classes across eight sites in the IBA during breeding season. (a) Species of Greatest 

Conservation Need in Minnesota, (b) native, (c) permanent resident, (d) short-distance migrant, 

(e) resident neotropical migrant.  
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Table 3: Best candidate models explaining spring migration landbird community data using land cover within (0m) and 3 distances beyond eight 

sites in the Mississippi River Twin Cities IBA. Bold print indicates best models (ΔAICC = 0) for each community measure/class at each distance; 

all other competitive candidate models listed have ΔAICC < 2. Akaike weights (Wi) were calculated based on all 15 candidate models and indicate 

the likelihood that a model is the best candidate model R2 adj serves as a measure of goodness-of-fit for each model.   

 
 0m 50m 100m 250m 
Community 
Measures & Classes Model Wi R2 adj Model Wi R2 adj Model Wi R2 adj Model Wi R2 adj 
Species Richness I - 0.85 0.60 I - 0.89 0.88 I - 0.90 0.86 I - 0.96 0.85 

T + 0.46 0.13 T + 0.39 0.13 T + 0.47 0.22 G + 0.35 0.08 
G + 0.18 -0.10 I - 0.26 0.04 G + 0.25 0.09 I - 0.32 0.06 
F + 0.17 -0.12 G + 0.19 -0.05     T + 0.18 -0.08 

Shannon Diversity 

                        F + 0.13 -0.16 
T + 0.33 -0.03 T + 0.32 -0.06 T + 0.35 0.00 G + 0.28 -0.11 
I + 0.25 -0.10 G + 0.22 -0.16 G + 0.23 -0.11 F - 0.26 -0.13 
F + 0.21 -0.16 F - 0.22 -0.16 F - 0.21 -0.14 T + 0.23 -0.16 

Species Evenness 

G - 0.20 -0.17 I + 0.22 -0.16 I + 0.19 -0.16 I - 0.22 -0.17 
G + 0.92 0.68 G + 0.83 0.65 G + 0.78 0.68 G + 0.61 0.61 Density SCGN 
                        I - 0.28 0.52 
I - 0.29 -0.06 I - 0.29 -0.07 I - 0.34 0.00 I,T -,- 0.79 0.81 
F + 0.28 -0.06 F + 0.24 -0.13 T - 0.27 -0.06       
T - 0.21 -0.14 T - 0.23 -0.14 G + 0.18 -0.16       

Density Native 

G - 0.20 -0.17 G - 0.22 -0.15 F - 0.18 -0.16       
I + 0.59 0.51 I + 0.38 0.26 F - 0.47 0.33 F - 0.62 0.42 
      F - 0.36 0.25 G - 0.25 0.21       

Density Exotic 

                I + 0.18 0.15         
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G - 0.47 0.35 G - 0.56 0.46 G - 0.30 0.25 T - 0.56 0.52 
I + 0.37 0.31 I + 0.31 0.37 I + 0.27 0.24 T,F -,- 0.26 0.78 
            T - 0.22 0.20       

Density Permanent 
Resident 

                F - 0.17 0.15         
I - 0.50 0.17 I - 0.50 0.16 I - 0.60 0.28 I,T -,- 0.57 0.80 Density Short-

distance Migrant G + 0.19 -0.05                 I - 0.29 0.35 
F + 0.29 -0.08 I - 0.32 -0.05 I - 0.34 -0.01 I - 0.35 0.06 
I - 0.27 -0.09 F + 0.23 -0.15 G + 0.24 -0.10 T - 0.21 -0.07 
G + 0.21 -0.16 T - 0.22 -0.16 T - 0.20 -0.15 G + 0.19 -0.10 

Density Resident 
Neo-tropical Migrant 

T - 0.21 -0.16 G + 0.21 -0.17 F - 0.20 -0.16 F + 0.16 -0.14 
I - 0.28 -0.09 I - 0.31 -0.06 I - 0.30 -0.04 I - 0.35 0.05 
F + 0.26 -0.11 T - 0.23 -0.15 G + 0.25 -0.09 G + 0.21 -0.08 
G + 0.22 -0.15 G + 0.22 -0.16 T - 0.21 -0.13 T - 0.21 -0.08 

Density En-route 
Neo-tropical Migrant 

T - 0.22 -0.16 F + 0.22 -0.16 F - 0.21 -0.14 F + 0.16 -0.16 
 
I = 26-100% Impervious Cover, G = Tall Grass, T = Turf/Golf, F = Forest; + and – indicate the slope of the regression line.  
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Table 4: Best candidate models explaining breeding season landbird community data using land cover within (0m) and 3 distances beyond eight 

sites in the Mississippi River Twin Cities IBA. Bold print indicates best models (ΔAICC = 0) for each community measure/class at each distance; 

all other competitive candidate models listed have ΔAICC < 2. Akaike weights (Wi) were calculated based on all 15 candidate models and indicate 

the likelihood that a model is the best candidate model. R2 adj serves as a measure of goodness-of-fit for each model.   

 
 

 0m 50m 100m 250m 
Community Measures & 

Classes Model Wi R2 adj Model Wi R2 adj Model Wi R2 adj Model Wi R2 adj 
I - 0.44 0.35 I - 0.67 0.53 G + 0.64 0.54 I - 0.70 0.66 Species Richness 
G + 0.38 0.32         I - 0.25 0.41         
I - 0.70 0.44 I - 0.84 0.57 I - 0.48 0.47 I - 0.84 0.64 Shannon Diversity 
                G + 0.33 0.36         

Species Evenness F + 0.94 0.75 F + 0.95 0.77 F + 0.77 0.42 F + 0.79 0.46 
G + 0.81 0.63 I - 0.58 0.72 G + 0.43 0.74 I - 0.56 0.80 
      G + 0.32 0.68 G,I +,- 0.32 0.90 G,I +,- 0.33 0.92 

Density SGCN 

                I - 0.23 0.70         
I - 0.39 0.13 F + 0.38 0.16 I - 0.49 0.22 I,T -,- 0.58 0.81 Density Native 
F + 0.33 0.10 I - 0.38 0.16 F + 0.21 0.03 F + 0.22 0.34 
I + 0.42 0.32 G - 0.63 0.36 G - 0.46 0.16 T - 0.53 0.29 Density Permanent 

Resident G - 0.38 0.31         I + 0.27 0.04 G - 0.22 0.11 
G + 0.64 0.43 I - 0.48 0.35 G + 0.63 0.51 G + 0.50 0.52 Density Short-distance 

Migrant I - 0.24 0.27 G + 0.36 0.30 I - 0.28 0.40 I - 0.38 0.49 
F + 0.56 0.30 F + 0.50 0.25 I - 0.43 0.15 F + 0.36 0.23 
I - 0.25 0.14 I - 0.29 0.14 F + 0.26 0.04 I - 0.22 0.13 

Density Resident Neo-
tropical Migrant 

                G + 0.17 -0.07 I,T -,- 0.19 0.66 
 
I = 26-100% Impervious Cover, G = Tall Grass, T = Turf/Golf, F = Forest; + and – indicate the slope of the regression line.  
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Appendix 1: Species counted at all 10 sampling sites in the Mississippi River Twin Cities Important Bird Area (IBA). Species listed 

were recorded during a point count at least once on indicated sites. Cons Class = Conservation Classes (SGCN = Species of Greatest 

Conservation Need in Minnesota, N = native, EX = exotic); Migr Class = Migration Classes (P = permanent resident, SD = short-

distance migrant, RNM = resident neotropical migrant, ENM = en-route neotropical migrants). MPG = Mississippi River Gorge, 

MHA = Minnehaha Park, HF = Hidden Falls Regional Park, CF = Crosby Farm Regional Park, LD = Lilydale Regional Park, BCE = 

Battle Creek East Regional Park, BCW = Battle Creek West Regional Park, GC = Grey Cloud Scientific & Natural Area, LSL = 

Lower Spring Lake Regional Park (Archery Range), SB = Lower Spring Lake Regional Park (Schaar’s Bluff).  M = present during 

spring migration (April-30 May), B = present during breeding season (June-July). Note: not all species and sites listed were included 

in analyses. 

 
    IBA Sites 

Common Name Scientific Name 
Cons 
Class 

Migr 
Class MPG MHA HF CF LD  BCE BCW GC LSL SB 

Alder Flycatcher Empidonax alnorum N ENM M      M     B   M B  B M  

American Crow Corvus 
brachyrhynchos N SD M B M B M B M B M B M B M B M B M B M B 

American Goldfinch Carduelis tristis N SD M  B M B M B M B M B M B M B M B M B M B 
American Kestrel Falco sparverius N SD         M        M  M  
American Redstart Setophaga ruticilla N RNM M   M B M B M B M B M B M B M B M B M B 
American Robin Turdus migratorius N SD M  B M B M B M B M B M B M B M B M B M B 

Bald Eagle Haliaeetus 
leucocephalus SGCN SD M     M  M B M B   M  M B M B M B 

Baltimore Oriole Icterus galbula N RNM M B M B M B M B M B M B M B M B M B M B 
Bank Swallow Riparia riparia N RNM M  B     M B             
Barn Swallow Hirundo rustica N RNM   M B   M B   M B M  M  M  M B 
Barred Owl Strix varia N P       M      M        
Bay-breasted Warbler Dendroica castanea SGCN ENM                   M  
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    IBA Sites 

Common Name Scientific Name 
Cons 
Class 

Migr 
Class MPG MHA HF CF LD  BCE BCW GC LSL SB 

Belted Kingfisher Ceryle alcyon N SD M  B M  M  M  M B           
Black-and-white 
Warbler Mniotilta varia N RNM M   M  M  M  M  M  M  M  M  M  

Black-billed Cuckoo Coccyzus 
erythropthalmus SGCN RNM               M  M B M B 

Black-capped 
Chickadee Poecile atricapillus N P M  B M B M B M B M B M B M B M B M B M B 

Black-throated Green 
Warbler Dendroica virens N ENM   M  M  M  M  M  M  M  M  M  

Blackburnian Warbler Dendroica fusca N ENM     M      M B   M  M  M  
Blackpoll Warbler Dendroica striata N ENM M   M    M  M  M    M  M  M  
Blue-gray Gnatcatcher Polioptila caerulea N RNM M  B M B M B M B M B M B M B M B M B M B 
Blue-headed Vireo Vireo solitarius N SD M   M  M  M B   M  M  M  M B M  
Blue-winged Warbler Vermivora pinus SGCN RNM           M      M B M  
Blue Jay Cyanocitta cristata N SD M  B M B M B M B M B M B M B M B M B M B 
Bobolink Dolichonyx oryzivorus SGCN RNM                   M B 
Broad-winged Hawk Buteo platypterus N RNM M  B M  M  M  M B M  M B     M  
Brown-headed Cowbird Molothrus ater N SD M  B M B M B M B M B M B M B M B M B M B 
Brown Creeper Certhia americana N SD M   M  M  M  M    M      M  
Brown Thrasher Toxostoma rufum SGCN SD M       M  M    M B M B M B M B 
Canada Warbler Wilsonia canadensis SGCN ENM M     M  M        M  M    
Cape May Warbler Dendroica tigrina SGCN ENM             M    M  M  

Carolina Wren Thryothorus 
ludovicianus N SD       M              

Cedar Waxwing Bombycilla cedrorum N SD M  B M B  B M B M B M B M B M B M B M B 

Chestnut-sided Warbler Dendroica 
pensylvanica N ENM M   M  M  M  M  M  M  M  M  M  

Chimney Swift Chaetura pelagica N RNM M  B M B M B M  M B M B  B M B M B M  
Chipping Sparrow Spizella passerina N RNM M  B M B M B M B M B M B M B M  M B M B 
Clay-colored Sparrow Spizella pallida N RNM   M        M  M  M B M B M B 
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    IBA Sites 

Common Name Scientific Name 
Cons 
Class 

Migr 
Class MPG MHA HF CF LD  BCE BCW GC LSL SB 

Cliff Swallow Petrochelidon 
pyrrhonota N RNM       M B   M          

Common Grackle Quiscalus quiscula N SD M  B M B   M B M B M  M B   M B M B 
Common Nighthawk Chordeiles minor SGCN RNM               M      
Common Yellowthroat Geothlypis trichas N RNM M   M  M B M B M B M B M B M B M B M  
Connecticut Warbler Oporornis agilis SGCN ENM                   M  
Cooper's Hawk Accipiter cooperii N SD M  B M B M B M  M B M  M B M B M B   
Dark-eyed Junco Junco hyemalis N SD M  M      M    M    M  M  
Dickcissel Spiza americana SGCN RNM                B     
Downy Woodpecker Picoides pubescens N P M  B M B M B M B M B  B M B M B M B M B 
Eastern Bluebird Sialia sialis N SD M   M B M B M    M B M B M B M B M B 
Eastern Kingbird Tyrannus tyrannus N RNM           M B M B M B M B M B 
Eastern Meadowlark Sturnella magna SGCN SD               M B M B M B 
Eastern Phoebe Sayornis phoebe N SD M  B M B M B M B M B M  M B M  M B M B 

Eastern Towhee Pipilo 
erythrophthalmus N SD   M      M B   M  M B M B M  

Eastern Wood-Pewee Contopus virens SGCN RNM M B M B M B M B M B M B M B M B M B M B 
European Starling Sturnus vulgaris EX SD   M  M    M B   M   B   M B 
Field Sparrow Spizella pusilla SGCN SD          B   M  M B M B M B 
Golden-crowned 
Kinglet Regulus satrapa N SD   M  M        M        

Golden-winged 
Warbler 

Vermivora 
chrysoptera SGCN ENM M       M  M        M    

Grasshopper Sparrow Ammodramus 
savannarum SGCN SD               M B   M  

Gray-cheeked Thrush Catharus minimus N ENM M                     

Gray Catbird Dumetella 
carolinensis N RNM M  B M B M B M B M B M B M B M B M B M B 

Great Crested 
Flycatcher Myiarchus crinitus N RNM M  B M B M B M B M B M B M B M B M B M B 
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    IBA Sites 

Common Name Scientific Name 
Cons 
Class 

Migr 
Class MPG MHA HF CF LD  BCE BCW GC LSL SB 

Great Horned Owl Bubo virginianus N P  B   M    M        M    
Hairy Woodpecker Picoides villosus N P M  B M B M B M B M B  B M B M B M B M B 
Harris's Sparrow Zonotrichia querula N SD                 M    

Henslow's Sparrow Ammodramus 
henslowii SGCN SD               M B     

Hermit Thrush Catharus guttatus N SD M     M        M  M    M  
Horned Lark Eremophila alpestris N P                 M  M B 

House Finch Carpodacus 
mexicanus EX SD M  B M B M B M  M B   M B M    M B 

House Sparrow Passer domesticus EX P M  B M B      B M          
House Wren Troglodytes aedon N RNM M  B M B M B M B M B M B M B M B M B M B 
Indigo Bunting Passerina cyanea N RNM M  B M B M B M B M B M B M B M B M B M B 
Killdeer Charadrius vociferus N SD       M      M  M B M B M B 

Lark Sparrow Chondestes 
grammacus N SD               M B M B M  

Least Flycatcher Empidonax minimus SGCN RNM M   M  M  M B M B M B M B M B M B M B 
Lincoln's Sparrow Melospiza lincolnii N SD     M    M      M      
Magnolia Warbler Dendroica magnolia N ENM M     M    M  M  M  M  M  M  
Marsh Wren Cistothorus palustris SGCN SD       M B             
Merlin Falco columbarius N SD   M                  
Mourning Dove Zenaida macroura N SD   M  M B M  M B M B M B M B M B M B 

Mourning Warbler Oporornis 
philadelphia N ENM   M    M B       M      

Nashville Warbler Vermivora ruficapilla N ENM M   M  M  M  M  M  M  M  M  M  
Northern Cardinal Cardinalis cardinalis N P M  B M B M B M B M B M B M B M B M B M B 
Northern Flicker Colaptes auratus N SD M  B M B M B M B M B M B M B M B M B M B 
Northern Harrier Circus cyaneus SGCN SD                B M    
Northern Parula Parula americana N ENM   M  M  M  M  M    M  M  M  
Northern Rough-
winged Swallow 

Stelgidopteryx 
serripennis SGCN RNM M  B M B   M B M B M   B     M B 
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    IBA Sites 

Common Name Scientific Name 
Cons 
Class 

Migr 
Class MPG MHA HF CF LD  BCE BCW GC LSL SB 

Northern Waterthrush Seiurus 
noveboracensis N ENM     M  M  M            

Olive-sided Flycatcher Contopus cooperi SGCN ENM M   M    M B M    M B M     B 
Orange-crowned 
Warbler Vermivora celata N SD   M    M    M  M  M  M  M  

Orchard Oriole Icterus spurius N RNM            B   M B M B   
Osprey Pandion haliaetus N SD         M          M  
Ovenbird Seiurus aurocapillus SGCN RNM M   M  M  M B M B M  M B M B M B M B 
Palm Warbler Dendroica palmarum N ENM M   M    M  M  M  M  M  M  M  
Peregrine Falcon Falco peregrinus SGCN SD    B                 
Pileated Woodpecker Dryocopus pileatus N P M  B M  M B M B M B  B M B M B M  M B 
Pine Siskin Carduelis pinus N SD   M    M              
Pine Warbler Dendroica pinus N SD             M        
Prothonotary Warbler Protonotaria citrea SGCN RNM       M B             

Purple Finch Carpodacus 
purpureus N SD   M                  

Red-bellied 
Woodpecker Melanerpes carolinus N P M  B M B M B M B M B M B M B M B M B M B 

Red-breasted Nuthatch Sitta canadensis N P M       M      M    M  M B 
Red-eyed Vireo Vireo olivaceus N RNM M  B M B M B M B M B M B M B M B M B M B 
Red-headed 
Woodpecker 

Melanerpes 
erythrocephalus SGCN SD                   M  

Red-shouldered Hawk Buteo lineatus SGCN SD         M   B     M    
Red-tailed Hawk Buteo jamaicensis N P   M  M    M    M  M  M B M B 
Red-winged Blackbird Agelaius phoeniceus N SD   M B M  M B M B M B M B M B M B M  
Ring-necked Pheasant Phasianus colchicus EX P       M        M B M  M B 
Rock Pigeon Columba livia EX P   M      M          M B 
Rose-breasted 
Grosbeak 

Pheucticus 
ludovicianus SGCN RNM M   M  M  M B M B M  M B M B M B M B 

Ruby-crowned Kinglet Regulus calendula N SD M   M  M  M  M  M  M  M  M  M  
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    IBA Sites 

Common Name Scientific Name 
Cons 
Class 

Migr 
Class MPG MHA HF CF LD  BCE BCW GC LSL SB 

Ruby-throated 
Hummingbird Archilochus colubris N RNM   M  M   B M   B M  M  M B M  

Savannah Sparrow Passerculus 
sandwichensis N SD          B     M  M B M B 

Scarlet Tanager Piranga olivacea N RNM M       M B M   B M B M B M B M B 
Sedge Wren Cistothorus platensis SGCN SD       M   B M B         
Song Sparrow Melospiza melodia N RNM M  B M B M B M B M B M B M B M B M B M B 
Swainson's Thrush Catharus ustulatus N ENM M     M  M  M  M  M    M  M  
Swamp Sparrow Melospiza georgiana SGCN SD       M B M  M    M  M    
Tennessee Warbler Vermivora peregrina N ENM M   M  M  M  M  M  M  M  M  M  
Tree Swallow Tachycineta bicolor N SD M  B M B M B M B M B M B M  M B M B M B 
Turkey Vulture Cathartes aura N SD   M      M    M  M  M  M  
Unknown    M  B M  M B M B M  M B M B M B M B M B 
Veery Catharus fuscescens SGCN ENM M     M  M              
Vesper Sparrow Pooecetes gramineus N SD            B   M B   M  
Warbling Vireo Vireo gilvus N RNM M   M  M B M B M B M B M  M B M B M B 
White-breasted 
Nuthatch Sitta carolinensis N P M  B M B M B M B M B M B M B M B M B M B 

White-throated 
Sparrow Zonotrichia albicollis SGCN SD M   M  M  M  M  M  M  M  M  M  

Wild Turkey Meleagris gallopavo N P   M  M B M  M    M B M B M B M  
Willow Flycatcher Empidonax traillii SGCN ENM     M           B  B   
Wilson's Warbler Wilsonia pusilla N ENM               M  M  M  

Winter Wren Troglodytes 
troglodytes SGCN SD         M      M      

Wood Thrush Hylocichla mustelina SGCN RNM       M  M B   M    M B M B 
Yellow-bellied 
Flycatcher 

Empidonax 
flaviventris N SD       M              

Yellow-bellied 
Sapsucker Sphyrapicus varius SGCN SD M     M    M        M  M  
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    IBA Sites 

Common Name Scientific Name 
Cons 
Class 

Migr 
Class MPG MHA HF CF LD  BCE BCW GC LSL SB 

Yellow-billed Cuckoo Coccyzus americanus N RNM M  B     M       B M  M B M B 
Yellow-rumped 
Warbler Dendroica coronata N SD M   M  M  M  M  M  M  M  M  M  

Yellow-throated Vireo Vireo flavifrons N RNM M  B M B M B M B M B M B M B M B M B M B 
Yellow Warbler Dendroica petechia N RNM M   M  M B M B M B M B M B M B M B M B 
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Appendix 2: Species recorded as supplemental observations across all 10 sampling sites in the Mississippi River Twin Cities 

Important Bird Area (IBA). Species are listed as supplemental if they were observed outside of a point count period or between points 

at a site. Cons Class = Conservation Classes (SGCN = Species of Greatest Conservation Need in Minnesota, N = native). Migr Class = 

Migration Classes (SD = short-distance migrant, ENM = en-route neotropical migrant). MPG = Mississippi River Gorge, MHA = 

Minnehaha Park, HF = Hidden Falls Regional Park, CF = Crosby Farm Regional Park, LD = Lilydale Regional Park, BCE = Battle 

Creek East Regional Park, BCW = Battle Creek West Regional Park, GC = Grey Cloud Scientific & Natural Area, LSL = Lower 

Spring Lake Regional Park (Archery Range), SB = Lower Spring Lake Regional Park (Schaar’s Bluff).  M = present during spring 

migration (April-30 May), B = present during breeding season (June-July). 

 
    IBA Sites 

Common Name Scientific Name 
Cons 
Class 

Migr 
Class MPG MHA HF CF LD  BCE BCW GC LSL SB 

Black-throated Blue 
Warbler 

Dendroica 
caerulescens SGCN ENM         M            

Philadelphia Vireo Vireo philadelphicus  N ENM      B           M    
Sharp-shinned Hawk Accipiter striatus N SD       M              
White-crowned 
Sparrow 

Zonotrichia 
leucophrys N SD         M            
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Appendix 3: Akaike weights calculated for all land cover variables at all distances. These were calculated based on the relative 

contribution of each variable in all 15 candidate models generated. This gives information on the relative importance of each variable 

in explaining the landbird community data even if a given variable is not represented in a competitive model. Models for exotic 

species and en-route neotropical migrants were not generated in breeding season due to lack of sufficient data. 

 
   Spring Migration Variable Weights  Breeding Season Variable Weights 

Community Measures & 
Classes Distance (m) 

26-100% 
Impervious Turf/Golf Forest Tall Grass 

26-100% 
Impervious Turf/Golf Forest Tall Grass 

0 0.91 0.08 0.03 0.05 0.46 0.11 0.06 0.43 
50 0.999 0.06 0.01 0.04 0.70 0.05 0.03 0.26 

100 0.997 0.08 0.01 0.01 0.27 0.07 0.03 0.68 

Species Richness 

250 0.997 0.01 0.02 0.01 0.74 0.03 0.02 0.27 
0 0.18 0.48 0.18 0.19 0.73 0.11 0.07 0.14 

50 0.27 0.40 0.15 0.20 0.86 0.06 0.04 0.07 
100 0.17 0.49 0.10 0.26 0.51 0.12 0.06 0.36 

Shannon Diversity 

250 0.33 0.19 0.14 0.36 0.87 0.02 0.03 0.11 
0 0.26 0.34 0.21 0.21 0.02 0.01 0.99 0.02 

50 0.23 0.33 0.23 0.23 0.01 0.01 0.99 0.02 
100 0.20 0.36 0.22 0.24 0.10 0.06 0.80 0.07 

Species Evenness 

250 0.23 0.23 0.27 0.29 0.06 0.09 0.84 0.06 
0 0.04 0.01 0.02 0.95 0.10 0.06 0.04 0.90 

50 0.13 0.02 0.04 0.86 0.66 0.01 0.03 0.39 
100 0.06 0.02 0.14 0.94 0.55 0.02 0.01 0.76 

Density SCGN 

250 0.30 0.04 0.05 0.68 0.91 0.01 0.01 0.42 
0 0.30 0.22 0.29 0.20 0.40 0.13 0.35 0.16 

50 0.31 0.24 0.24 0.23 0.40 0.11 0.40 0.12 
100 0.36 0.28 0.19 0.19 0.51 0.11 0.22 0.18 

Density Native 

250 0.86 0.86 0.04 0.03 0.70 0.63 0.23 0.06 
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   Spring Migration Variable Weights  Breeding Season Variable Weights 

Community Measures & 
Classes Distance (m) 

26-100% 
Impervious Turf/Golf Forest Tall Grass 

26-100% 
Impervious Turf/Golf Forest Tall Grass 

0 0.67 0.24 0.27 0.26 
50 0.41 0.11 0.41 0.14 

100 0.20 0.07 0.50 0.27 

Density Exotic 

250 0.09 0.06 0.66 0.24 

NA 

0 0.40 0.08 0.06 0.50 0.48 0.06 0.13 0.40 
50 0.32 0.06 0.06 0.60 0.24 0.07 0.07 0.65 

100 0.29 0.24 0.19 0.32 0.28 0.13 0.13 0.48 

Density Permanent Resident 

250 0.06 0.83 0.28 0.09 0.16 0.55 0.09 0.23 
0 0.52 0.16 0.14 0.20 0.26 0.06 0.06 0.67 

50 0.52 0.17 0.16 0.18 0.53 0.09 0.06 0.37 
100 0.66 0.16 0.10 0.15 0.30 0.05 0.03 0.67 

Density Short-distance 
Migrant 

250 0.87 0.60 0.06 0.05 0.41 0.05 0.05 0.55 
0 0.28 0.22 0.30 0.22 0.26 0.08 0.60 0.10 

50 0.34 0.23 0.23 0.22 0.31 0.10 0.52 0.10 
100 0.35 0.21 0.21 0.25 0.44 0.13 0.27 0.18 

Density Resident Neo-
tropical Migrant 

250 0.43 0.29 0.17 0.20 0.42 0.30 0.37 0.12 
0 0.29 0.23 0.27 0.23 

50 0.32 0.24 0.23 0.23 
100 0.32 0.22 0.22 0.26 

Density En-route Neo-
tropical Migrant 

250 0.40 0.26 0.17 0.22 

NA 
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Chapter 5 
 
 
 
 
 
 
 
 
 
 

IBAmonitoring.org: an online data entry portal for the Mississippi 

River Twin Cities IBA Landbird Monitoring Project 
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The Minneapolis-Saint Paul metropolitan area lies at the confluence of the Mississippi, 

Minnesota, and St. Croix Rivers, making remnant habitat in this highly urban landscape 

especially critical to migrating birds. The Mississippi River Twin Cities Important Bird 

Area Landbird Monitoring Program is a citizen science project that engages local birders 

in counting the IBA’s landbirds. The program’s main goals are to (1) inventory landbird 

species that use the area, (2) determine these birds’ use of the area during migration and 

breeding seasons, (3) use these data to estimate landbird species abundance, and (4) 

evaluate long-term trends. For the program’s first three seasons, the program coordinator 

entered data into an Excel spreadsheet. To better support the program and improve data 

quality control, I designed a website (http://www.ibamonitoring.org) and online data 

entry system that houses the program materials and allows citizen scientists to submit 

their data into a quality-controlled database. This site also provides users with immediate 

results reporting in a number of formats and serves as a valuable tool for public outreach, 

habitat management, and conservation planning. Additionally, the data are formatted for 

sharing with the Avian Knowledge Network, enabling this local project to contribute to 

larger-scale population assessments and coordinated bird monitoring efforts. We 

document the development and function of this site and the associated project support 

materials as a guide for others wishing to implement a citizen science landbird 

monitoring project. 
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INTRODUCTION 

After three seasons of monitoring, we began developing a database suited to the needs of 

both the Mississippi River Twin Cities Important Bird Area (IBA) Landbird Monitoring 

Program and broader-scale bird monitoring efforts. In order to share our monitoring 

program and bird data with a larger audience and contribute directly to regional, national, 

and continental coordinated bird monitoring, we designed an intermediate database that 

will retain all of the collected data’s detail but format it appropriately for inclusion in the 

Avian Knowledge Network. Currently, the online eBird database is not optimally 

configured to accept our program’s point count data and supplemental observations. 

Moreover, since this IBA is concurrent with the Mississippi National River and 

Recreation Area (MNRRA), the National Park Service also has an interest in 

incorporating bird data from this area into a point count database for the Great Lakes 

Monitoring Network. This intermediate database capable of interfacing with multiple end 

users will greatly simplify the process of data sharing, an application that may prove 

useful to other local-scale monitoring efforts. In addition, this data portal and database 

will improve long-term data management and quality control for this monitoring 

program. During the first years of the program, hard-copy data collected by volunteers 

were sent by mail to the program coordinator who entered the data by hand into Excel 

spreadsheets and perform quality control checks manually. 

 

The website and database for the Mississippi River Twin Cities IBA Landbird 

Monitoring Program were developed using the Microsoft .Net Framework 4.0 and 

Microsoft SQL Server 2008. At http://www.ibamonitoring.org users can access program 

materials such as downloadable protocols (Appendices 1 and 2), common species Alpha 

codes (Appendix 3), site information (Appendix 4) and point count (Appendix 5) 

datasheets, and maps (Appendix 6) for use during the field season. The website also 

connects users to related information about the IBA program, its goals, and the 

information on bird conservation.   
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DATA ENTRY 

Volunteers and other authorized personnel can access the data entry portal under the 

“Submit Observations” tab using a group log-in. In this section of the site, volunteers can 

submit their data via an online entry form that closely mirrors the format of the hard-copy 

forms they use in the field. Users enter their point count and site data into a form with 

self-validating fields that both simplify the data entry process and introduce stronger 

quality controls into the data-entry process. Users can download a data entry tutorial 

(Appendix 7) that guides them through the process of entering and submitting their 

observations. For example, species data are entered using American Ornithologist Union 

four-letter alpha codes, which can sometimes be confusing. If a volunteer enters data for 

“4 Cedar Waxwings within 50m” using the alpha code “CEWA”, the self-validating form 

for species will display the species name “Cerulean Warbler”, alerting the volunteer that 

the code they have entered is incorrect. Fields for count numbers also alert users if the 

numbers entered are unusually high for certain species.  

 

The program database can convert the count data to the Avian Knowledge Network’s 

Bird Monitoring Data Exchange (BMDE) format, facilitating data transfer to their 

system. We are currently working with U.S. Fish and Wildlife Service and staff at the 

PRBO Conservation Science to link our site and data to the in-development Midwest 

Avian Data Center, a regional node of the Avian Knowledge Network. Since one of our 

goals was to build a system that could serve diverse IBA monitoring projects around the 

nation, the database was constructed in a manner that will allow the addition of data 

fields in the future. For example, National Audubon is developing an IBA assessment 

protocol that integrates evaluation of habitat, threat, and conservation status with bird 

monitoring, and this system’s design is such that it can accept these assessment data in 

the future.  

 

RESULTS REPORTING 

The database and website serve our larger research objectives by not only streamlining 

data analysis but also communicating the project results to the public. Using a series of 
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database queries to calculate basic metrics for each site in the IBA, we are able to report 

summary information such as cumulative counts, counts adjusted for sampling effort, 

species richness, Shannon diversity, and species evenness under the “View Results” tab 

(see Appendix 8). These calculations are useful to our research on migrating and breeding 

landbird communities in the IBA, and also help generate data summaries for volunteers 

and land managers. Data are summarized by species and by site in tabular, graphical, and 

mapped formats. Species-specific reporting displays a table of counts by date across sites, 

color-coded to emphasize patterns of abundance; a histogram summarizing total counts 

across the IBA by date; and the counts per sampling point mapped using Google Maps. 

We present species richness, Shannon diversity, and evenness across sites during both 

migration and breeding seasons, with short explanations of what each of these measures 

are. For each individual site, we present a table listing the color-coded count of each 

species by date, organized by order of earliest record at the site to highlight patterns of 

arrival and waves of migration through the area, and a listing of all supplemental 

observations for that site.   

 



 123 

Appendix 1: Project Protocol and Instruction Booklet  

 

 
 

Mississippi River Twin Cities  
Important Bird Area  

LandBird Monitoring Project 
 
 
 
 
 
 

Instruction Booklet 
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Tania Homayoun 

Department of Fisheries, Wildlife, & Conservation Biology 
University of Minnesota 
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Introduction 
 
As human-dominated land uses replace native landscapes across North America, 
there is growing concern about the impacts this habitat loss will have on native 
bird populations. With many migratory bird species in decline, it is essential to 
assess the effectiveness of our conservation initiatives.  The goal of Audubon’s 
Important Bird Area (IBA) program is to identify areas that are particularly 
valuable habitat to one or more species of bird, during migration, breeding, or 
winter seasons.  
 
The Mississippi River Twin Cities IBA stretches from downtown Minneapolis to 
Hastings, MN, roughly following the bounds of the Mississippi National River 
and Recreation Area (MNRRA) and covering over 37,000 acres.  Located on the 
Mississippi Flyway, much of the value of this IBA lies in its function as migratory 
habitat. While ongoing surveys of waterbirds indicate large numbers of these 
birds use this IBA, less is known about its potential value to migrating landbirds.   
 
This monitoring project seeks to evaluate trends in land bird species in the 
Mississippi River Twin Cities IBA in order to gain a fuller understanding of how 
this habitat benefits this group of birds.  
 
 

Goals 
 
The primary objective of this project is to monitor land birds in the Mississippi 
River Twin Cities IBA using a standardized survey methodology carried out by 
teams of volunteers during migration, breeding season, and winter. With this 
project, we hope to address the following: 
 
1.  Identify land bird species present in the IBA  
2.  Determine which species are using the IBA habitats during what time periods 
(i.e., spring migration, breeding, fall migration, over-wintering) 
3.  Estimate relative abundances of various land bird species in the IBA across 
time 
4.  In the long-term, monitor trends in land bird species in the IBA 
 
 

Protocol 
 
This monitoring protocol was designed to be as standardized as possible in order 
to obtain data that can be analyzed locally and also made available to national 
databases. Collecting data using a standardized procedure is important for a 
variety of reasons. Controlling for and limiting certain biases in how data are 
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collected can enhance the scientific credibility of a monitoring project.  Using a 
well-defined protocol can also have quality control advantages that are key to 
data analysis. Perhaps most importantly, a clearly defined monitoring protocol 
can improve long-term monitoring studies by providing a clear system that has 
stability and continuity for both end-users of the data and the people collecting 
it.  
 
Since the Mississippi River Twin Cities IBA coincides with MNRRA, a National 
Parks Service unit, many of the aspects of this protocol were adopted from a 
basic NPS Passerine Monitoring Protocol. However, some parts of the protocol 
have been adapted in response to the urbanized nature of the Twin Cities 
landscape, working on park-reserve land, and the volunteer status of the 
surveyors (see Appendix A for more details). Ideally, once a unique protocol has 
been established for this IBA, these guidelines can be applied to new monitoring 
sites in other urban IBAs. 
 
 

Bird Survey Methods 
 

Pre-Survey Preparation 
Re-familiarize yourself with birds that commonly migrate through and breed 
along the Twin Cities area of the Mississippi River. Practice estimating 50-meter 
distances for the fixed radius point counts. 
 
Scouting 
In most cases, survey points in each site have been visited to verify their location 
and accessibility and their GPS coordinates recorded. However, it is 
recommended that each surveyor/team visit their site before data collection 
begins to find parking, locate each point, and identify an optimal route through 
the site that minimizes travel time.   
 
Site Access 
In the event that a point becomes inaccessible, please re-locate a new point as 
close as possible to the original point (see Appendix B, Other Functions). Note 
the new location on the site map and record the point ID number, GPS 
coordinates, and any other details about the new location on the map and data 
sheets. 
 
Equipment Checklist 
Equipment to be provided by Audubon: 

• Site maps with points marked 
• Datasheets 
• Clipboard 
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• GPS unit (you can either use your own or borrow one from Audubon) 
Equipment to be provided by volunteers: 

• Binoculars 
• Pencils or fine-point Sharpie® marker (won’t bleed in the rain) 
• Watch or timer 
• Your favorite field guide 
• Water, sunscreen, snacks, etc. 
• If desired, a buddy, fellow birder, or helpful hand 

 
When to Survey Sites 
Dates 
Perform point counts 6 times (once per week) during migration (mid-April to the 
end of May) and at least 2 times (separated by at least 1 ½ weeks) during the 
breeding season (early June-early July).   
 
Time of Day 
Begin sampling at your first point as close to sunrise as possible (as early as 
30min before sunrise). Point counts should not continue beyond 4 hours after 
sunrise. If all points in the site cannot be completed in this time frame, finish the 
remaining points another morning and make note of this on the datasheet with a 
brief explanation (ex. “Started raining before points A, B, and C were surveyed”). 
It is important that each site’s surveys be completed within as short a time as 
possible, as data will be collected on a weekly basis during migration.  
 
Weather 
Occasional short rain showers or bouts of light drizzle are acceptable, but point 
counts should not be conducted in fog, steady rain or drizzle. Likewise, avoid 
counting in conditions where the wind exceeds 12-15 mph (enough breeze to 
raise dust and loose paper and move small tree branches).  
 
Counting Birds 
Survey Route 
In order to avoid a “time of day” effect, alternate starting points for the route. For 
example, if you are working through points on a loop, walk clockwise one day 
and counter-clockwise through the points the next visit.   
 
50 meter Fixed-Radius Point Count Methodology (5 minute duration) 
1. Navigate to each point using a hand-held GPS unit (see Appendix B).   
 
2. While working in teams is encouraged, there should be only one primary 
observer per site.  Having another team member recording the data (as dictated 
by the observer) is very helpful and can allow the observer to focus solely on 
identifying birds.  
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3. Wait for about a minute before beginning the 5-minute count period. This 
allows you to catch your breath, get oriented, record site conditions, and prepare 
the data sheets. Try to identify landmarks that are 50 meters from you.   
 
4. What to Count? 

• Count all land birds seen or heard during a 5-minute period. Do not count 
waterfowl, wading birds, or other water/shore birds  

• Count all birds that flushed from the habitat upon your approach to the 
point.  

• Count birds that enter (and remain in) the habitat during the 5-minute 
period. 

• Do not count flyovers (birds merely passing through).   
• Count birds that are foraging aerially (flycatchers, etc.)  

 
5. On the datasheet, identify birds using their 4 letter AOU Alpha Codes. If 
unsure of the identity of a bird, make notes on back of the data sheet with 
comments describing its song, appearance, and where you saw it—it is ok to go 
back and verify a suspected ID later if you feel confident you can. If you can 
partially identify the bird, identify it as specifically as you can. (ex. “unknown 
sparrow”). Otherwise, note it as UNKN. 
 
6. Denote birds seen or heard within 50 meters and those heard outside the 50-
meter band.  Record these distances as the horizontal distance from the observer 
to the bird.  
 
7. Don’t use any method of attracting or coaxing birds into view (i.e. no 
“pishing”).   
 
Temporary Noise or Interruptions 
If a temporary noise (airplane overhead) or interruption (curious park patron) 
disrupts your count at a given point, pause the clock until the interruption has 
passed and then resume counting for the remainder of the period. The total 
count time for birds at every point (not including interruptions) should be 5 
minutes. 
 
Filling Out the Data Form 
Complete a new data sheet for each visit to the site.  On particularly busy 
mornings, more than one sheet may be needed. If no birds are observed at a 
given point, fill out the point information and note “No Birds Observed” on the 
data sheet.  
 
Field Descriptions on Forms 
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• Site: Name of the park or area being surveyed 
• Date: Use mm/dd/yyyy format 
• Site Start Time: Start time of first point count on the site. Use hh:mm 

format. 
• Site Stop Time: End time of last point count on the site. Use hh:mm 

format.  
• Temperature: Record the temperature in degrees (either Fahrenheit or 

Celsius) for the time at which the first point count was started and again 
at the end of the day’s survey.  You may need to fill these out after the 
day’s surveying using www.weather.gov or another weather forecasting 
site. 

• For Sky and Wind entries, use the condition descriptions to assign codes 
to the site at the start of the first point count and end of the last count. If 
conditions differ substantially at subsequent points, make note of this in 
the Comments column of the data sheet.  

• Observer: Person actually searching for and identifying birds 
• Recorder: May be same as observer or another team member 
• Point ID: The full letter and number code for the sampling point 
• Noise Code: Use the Background Noise descriptions to assign a noise 

rating to each point prior to the point count 
• Time: Record the start time for each point count 
• Species Code: Use the 4 letter AOU Alpha Code for the species seen. If 

you are unsure of the correct code while in the field, write down an 
abbreviation you will recognise and enter the correct Alpha code later in 
the Comments section 

• Tally: Use this space to tally the number of birds of each species seen 
during 5 min count 

• Total:  Verify the tally using a numeral 
• Comments: Any observations of note for birds, sample point conditions, 

or interruptions 
 
Submitting Data 
Please submit your data online at www.ibamonitoring.org within 1 week of each 
survey date. At the end of the season, please mail your completed count data and 
site information forms to: 

Mississippi River Twin Cities IBA Bird Survey 
c/o Tania Homayoun 

200 Hodson Hall 
University of Minnesota 

St. Paul, MN 55108 
 

Funding for this project was provided in part by The Mississippi River Fund, and 
the Katherine B. Anderson Fund of the St. Paul Foundation. 
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Appendix A: Designing the Protocol 

 
Like many land bird surveys, this protocol utilizes a 5-minute, 50-meter radius 
point count methodology. The longer an observer stands at a point, the more 
species they are likely to hear; however, the longer you remain at a point, the 
more likely you are to over count/double count the same birds. A 5-minute 
period is a frequently used time interval that allows for good detection. The 50-
meter radius is another commonly used convention in many point counts. In this 
survey, observers will be asked to categorize birds as seen “within 50 meters” of 
the observer and “beyond 50 meters.” When dealing with many Passerine 
species, detection beyond 50 meters can be difficult. Moreover, the 2 bands (0-to-
50 and 50-to-“infinity”) are useful distinctions when analyzing the data from 
each point.  
 
While informed by the sampling design guidelines in the National Park Service 
Landbird Monitoring Protocol1, several changes were made to accommodate 
sampling in urban greenspace. The IBA was broken into “management units” 
that followed city and regional park boundaries. These are designated as sites. 
Within each site, sampling points were laid out using a randomization tool in 
GIS software such that points were separated by at least 250 meters (to minimize 
the risk of double-counting birds at two different points). Points were stratified 
by proximity to trails, and a final number of points per site selected based on 
area of the site and limited to what could reasonably be sampled in a single 
morning. 
 

                                                        
1 Gostomski, T., M. Knutson, N. P. Danz, B. Route, and T. W. Sutherland. 2010. 
Landbird monitoring protocol, Great Lakes Inventory and Monitoring Network. Natural 
Resource Report NPS/GLKN/NRR—2010/225. National Park Service, Fort Collins, 
Colorado.  
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Appendix B: Navigating with the Garmin eTrex Legend GPS Unit 
 
This appendix seeks to provide specific instructions on how to locate waypoints 
using a GPS unit. For more detailed instructions on general features and other 
functions, please consult the user manual. If you did not receive a manual with 
your unit, you can download a free PDF version from Garmin’s website. 
http://www.garmin.com/products/manual.jsp?product=010-00256-00 
 
Be sure to take 2 fresh AA batteries with you at all times as backup! Replacing 
the batteries will not erase your waypoints, but you will need to restart the 
unit. 
 
1. Turn on the GPS by holding down the flat POWER button (see Figure 1). The 
unit will cycle through its start up for a few seconds; press the PAGE button to 
accept the copyright information and get to the Satellite page. 
 
2. The GPS unit will now begin searching for satellite reception. This could take a 
few seconds to a few minutes, depending on conditions and the satellites’ 
positions.  Wait until the message box above the satellite image reads “Ready to 
Navigate.” After you first power up the unit your accuracy will gradually 
improve.  However, as you approach a waypoint check to see that your accuracy 
is within at least 10m.  
 
3. To begin navigating to a waypoint, click the FIND button on the left of the 
unit. Select “Waypoints” using the THUMB STICK to move the selection up or 
down the menu. Press the THUMB STICK to select “Waypoints.”  
 
 

  
 
Figure 1: Diagram of buttons on GPS unit and their functions. (Image from Garmin 
eTrex Legend manual) 
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4. From the Waypoints menu, select “Nearest” to see a selection of the waypoints 
closest to you. If you are at your site, this will likely be the most useful approach 
to finding your waypoints.  
 
5. You will now see a list of the waypoints nearest to you. Scroll down the list 
using the THUMB STICK to highlight the desired waypoint. Press the THUMB 
STICK to select it. 
 
6. You are now on the Waypoint page, showing a flag with the waypoint number 
and its latitude/longitude coordinates, elevation, the distance from you to the 
point, and your bearing. At the bottom of the page, you will see 3 buttons: Goto, 
Map, and OK. Highlight Goto and select it to find your point using the Navigation 
page.  
 
7. The arrow on the compass will indicate the direction in which you should 
travel to get to your point. As you begin moving, you will see the distance to the 
waypoint change (above the compass to the right). 
 
8. If you wish to see your position relative to the waypoint on a map, you can 
either (1) use the THUMB STICK to highlight the Pages icon at the far top right 
corner of the screen and select “Map” or (2) press the PAGE button 4 times to 
move through the Main Pages until you get to the Map page.  
 
9. On the Map page, you will see the waypoints and a triangular pointer, which 
marks your position. As you move, your path is shown as a dotted line. Use the 
ZOOM IN/OUT buttons to adjust the scale of the map as desired.  
 
10. While walking to the point, check the unit periodically to ensure that it is still 
in contact with enough satellites to provide a location. Periodically, you may lose 
signal and will need to be careful navigating until you have re-established 
satellite contact. 
 
11. As you approach within 50-60m of the waypoint, move to the Satellite page to 
check the GPS unit’s accuracy. Walk slowly to allow the readings time to display 
accurately and avoid overshooting the point.  
 
12. To move to the next waypoint, repeat the process from Step 3.  
 
At the end of the survey, press the POWER button for a couple of seconds until 
the screen goes blank. This turns off the unit. 
 
To return to a previous menu, use the THUMB STICK to select the “X” at the far 
top right corner of the screen.  
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Once you are on one of the main pages (Satellite, Navigation, Map, Trip 
Computer, Main Menu), use the PAGE button to move between pages. 
 
Other Functions 
 
To Add a Waypoint 
If you need to mark a new waypoint, simply press the THUMB STICK for a 
couple of seconds to display the Mark Waypoint page. Highlight the OK button 
at the bottom of the screen and press the THUMB STICK to save.  
 
Manually Entering Waypoint Information 
If you need to manually re-enter information for a waypoint that was deleted or 
moved, press the THUMB STICK for a couple of seconds to display the Mark 
Waypoint page. Highlight the Location field containing the coordinates and press 
the THUMB STICK. Enter the new coordinates using the numerical keyboard. 
Highlight and press OK when finished. To re-enter the waypoint’s ID number, 
highlight the number on the flag and repeat the above process.  
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Appendix 2: Protocol Summary Page 
Mississippi River Twin Cities IBA Bird Monitoring Program 

Bird Survey Instructions 
 

Navigating Sites 
• Identify an optimal route around the site that minimizes travel time.  
• If point becomes inaccessible, please re-locate a new point as close as possible to the 

original. Note the new location on the site map and record the point ID number, GPS 
coordinates, and any other details about the new location on the map and data sheets. 

• In order to avoid a “time of day” effect, alternate starting points for the route. 
 

Equipment Checklist 
• Site maps and datasheets • Watch or timer • GPS unit 
• Clipboard • Binoculars 
• Pencils or Sharpie marker • Field guide 

• Water, sunscreen, 
snacks, etc 

 
When to Survey  
Dates 
• 6 times (once per week) during migration (mid-April to the end of May)  
• At least 2 times (separated by at least 1 ½ weeks) during the breeding season (early 

June-early July).   
 
Time of Day 
• Begin as early as 30min before sunrise and end no later than 4 hours after sunrise 
• Finish any remaining points another morning and note this on the datasheet with a 

brief explanation. 
 
Weather 
• Occasional short rain showers or bouts of light drizzle are ok 
• Stop if there is fog, steady rain or drizzle, wind exceeding 12-15 mph (enough breeze 

to raise dust and loose paper and move small tree branches).  
 
50 meter Fixed-Radius Point Count Methodology (5 minute duration) 
• Navigate to each point using a hand-held GPS unit.  
• Only one primary observer to locate and ID birds per site; other team members can 

act as recorders. Use AOU 4 letter codes on datasheet.  
• Wait 1 minute to acclimate, then begin 5 minute point count. Stop if interrupted and 

continue the count later until 5 minutes have elapsed 
• Count only land birds (no waterfowl, shorebirds, or other water birds). Identify birds 

as within 50m of you or beyond 50 m (horizontal distance to observer) 
• Count all birds that flush from site upon approach.  
• Count birds that enter the habitat and do not merely fly through 
• Do not count flyovers 
• Count birds that are aerially using the habitat (like flycatchers foraging) 
• It’s ok to describe a bird seen/heard and try to narrow the ID later 
• No “pishing” to attract or flush birds 

Happy Birding! 
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Appendix 3: Common Species Alpha Codes 

 

For additional Codes, see http://www.birdpop.org/AlphaCodes.htm

Alpha Code Common Name Alpha Code Common Name

BAEA Bald Eagle SWTH Swainson's Thrush

COHA Cooper’s Hawk HETH Hermit Thrush

RSHA Red-shouldered Hawk WOTH Wood Thrush

BWHA Broad-winged Hawk AMRO American Robin

RTHA Red-tailed Hawk GRCA Gray Catbird

KILL Killdeer BRTH Brown Thrasher

ROPI Rock Pigeon EUST European Starling

MODO Mourning Dove CEDW Cedar Waxwing

BBCU Black-billed Cuckoo BWWA Blue-winged Warbler

YBCU Yellow-billed Cuckoo GWWA Golden-winged Warbler

GHOW Great Horned Owl TEWA Tennessee Warbler

BDOW Barred Owl OCWA Orange-crowned Warbler

CONI Common Nighthawk NAWA Nashville Warbler

CHSW Chimney Swift YWAR Yellow Warbler

RTHU Ruby-throated Hummingbird CSWA Chestnut-sided Warbler

BEKI Belted Kingfisher MAWA Magnolia Warbler

RBWO Red-bellied Woodpecker CMWA Cape May Warbler

YBSA Yellow-bellied Sapsucker YRWA Yellow-rumped Warbler

DOWO Downy Woodpecker BTNW Black-throated Green Warbler

HAWO Hairy Woodpecker PIWA Pine Warbler

NOFL Northern Flicker PAWA Palm Warbler

PIWO Pileated Woodpecker BAWW Black-and-white Warbler

OSFL Olive-sided Flycatcher AMRE American Redstart

EAWP Eastern Wood-Pewee PROW Prothonotary Warbler

WIFL Willow Flycatcher OVEN Ovenbird

LEFL Least Flycatcher MOWA Mourning Warbler

EAPH Eastern Phoebe COYE Common Yellowthroat

GCFL Great-Crested Flycatcher CAWA Canada Warbler

EAKI Eastern Kingbird SCTA Scarlet Tanager

YTVI Yellow-throated Vireo EATO Eastern Towhee

WAVI Warbling Vireo CHSP Chipping Sparrow

PHVI Philadelphia Vireo CCSP Clay-colored Sparrow

REVI Red-eyed Vireo FISP Field Sparrow

BLJA Blue Jay GRSP Grasshopper Sparrow

AMCR American Crow SOSP Song Sparrow

TRES Tree Swallow SWSP Swamp Sparrow

BARS Barn Swallow WTSP White-throated Sparrow

BCCH Black-capped Chickadee DEJU Dark-eyed Junco

RBNU Red-breasted Nuthatch NOCA Northern Cardinal

WBNU White-breasted Nuthatch RBGR Rose-breasted Grosbeak

BRCR Brown Creeper INBU Indigo Bunting

HOWR House Wren RWBL Red-winged Blackbird

SEWR Sedge Wren EAME Eastern Meadowlark

MAWR Marsh Wren COGR Common Grackle

GCKI Golden-crowned Kinglet BHCO Brown-headed Cowbird

RCKI Ruby-crowned Kinglet BAOR Baltimore Oriole

BGGN Blue-gray Gnatcatcher HOFI House Finch

EABL Eastern Bluebird AMGO American Goldfinch

VEER Veery HOSP House Sparrow

Mississippi River Twin Cities IBA Bird Survey Information Form
AOU Species Codes for Selected Landbirds
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Appendix 4: Site Information Datasheet 
 

 
 
 

Site: Observer:

Date: Recorder:

Site Start Time: Site End Time:

Sky: Sky:

Wind: Wind:

Temperature: F     C   Temperature: F     C   

(circle one) (circle one)

SKY CONDITION CODES

0   Clear or a few clouds

1   Partly cloudy (scattered)

2   Cloudy (broken) or overcast

3   Fog or Smoke

4   Drizzle

5   Snow

6   Showers

WIND SPEED CODES

0   Calm

1   Slight

2   Wind felt on face

3   Leaves in constant motion

4   Raises dust;  small  branches move

5   Small trees sway

6   > 15 mph

Mississippi River Twin Cities IBA Bird Survey Information Form

Site Conditions 

Conditions at EndConditions at Start
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Appendix 5: Point Count Datasheet 
 

 

Site: BACKGROUND NOISE  CODES

Date: 0   No background noise

1   Barely reduces hearing

Observer: 2   Noticeable reduction of hearing

Recorder: 3   Prohibitive (greatly reduced hearing)

Point Noise

 ID Code Time Tally Total Tally Total

Supplemental Observations:

CONTINUE ON NEW SHEET Page _______

Bird Observations (Number Counted in 5min)

Mississippi River Twin Cities IBA Bird Survey Data Form

Species 

Code Comments

Within 50m Beyond 50m
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Appendix 6: IBA Site Maps 
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Appendix 6: IBA Site Maps 
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Appendix 6: IBA Site Maps 
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Appendix 6: IBA Site Maps 
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Appendix 6: IBA Site Maps 
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Appendix 6: IBA Site Maps 
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Appendix 6: IBA Site Maps 
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Appendix 6: IBA Site Maps 
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Appendix 6: IBA Site Maps 
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Appendix 6: IBA Site Maps 
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Appendix 7: Data Entry Tutorial 
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Conclusion 
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My research, which addresses both the citizen science (social) and avian community 

(ecological) aspects of the Mississippi River Twin Cities Important Bird Area (IBA), 

provides a template for future locally driven citizen-science monitoring programs. 

Monitoring programs should have clearly established goals and objectives that guide their 

scope and content. Moreover, involving residents in monitoring and advocacy of their 

natural areas provides a myriad of benefits to participants and ecosystems, but requires 

that citizen-science programs be carefully tailored to the needs and resources locally 

available. The monitoring data from the Mississippi River Twin Cities IBA project 

contribute to our understanding of how landbird communities respond to human-driven 

landscape change.  With connections to both human and bird communities, citizen-

science monitoring programs such as the Mississippi River Twin Cities IBA Landbird 

Monitoring Program can provide a framework for further research into coupled human-

natural systems.  

 

Connect local bird monitoring to larger scales 

Citizen science is well suited to bird monitoring because of the popularity of bird 

watching and the need to look at population trends across a large geographic scale. If 

carefully planned, collected, and managed, local data have great capacity to contribute to 

larger-scale (state, national, or continental) datasets and conservation efforts. Monitoring 

programs should enable citizen scientists to enter their data online and share data with 

larger databases in a coordinated bird monitoring scheme, such as the Avian Knowledge 

Network or USGS Point Count Database. This facilitates data archiving and sharing that 

can be highly valuable for population monitoring and conservation planning. Finally, 

some form of data reporting back to volunteers and the local community is key to 

supporting local habitat management efforts and can readily be incorporated into the 

program’s website. 

 

Adjust research protocols for use in citizen-science monitoring 

Citizen-science programs must balance data collection and analysis rigor with 

accessibility and feasibility for use by non-scientists. In landbird monitoring, projects 
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such as the Breeding Bird Survey have long used point-count methodology. While many 

of the more complex point count methods may fall outside of the reasonable scope of 

many citizen-science monitoring projects, independent double observer point-counts, 

where two observers conduct simultaneous point counts independent of each other, are 

good for maximizing the number of bird species detected and the average joint detection 

probability across all species, and counts can still be performed by a single observer if the 

secondary observer is suddenly unavailable. Moreover, multiple observer techniques 

provide an opportunity for volunteers to forge personal connections within the project 

and, ideally, foster a stronger network of volunteers. For example, more experienced 

birders can be paired as mentors to less experienced or novice birders in the citizen-

science project; when reaching out to expand the target audience, this can provide a ready 

means of training and building key skills and knowledge required for the project. 

However, there is no one best approach to citizen-science bird monitoring; it is critical 

that every new program assess the available options in order to determine an optimal 

sampling protocol.  

 

Landbirds respond differently to landscape depending on season 

The Mississippi River Twin Cities IBA serves as habitat to over 130 landbird species 

during the spring migration and breeding seasons, but the composition of species showed 

a marked response to urban development. Species richness, evenness, and diversity for 

both spring migration and breeding season landbird communities in the IBA generally 

responded negatively to increasing impervious cover. Impervious cover was the most 

important landscape variable to migrating birds, while both impervious cover and tall 

grass were most important to landbirds on the IBA during the breeding season. However, 

landbird community responses to landscape characteristics were generally less 

pronounced during migration than during the breeding season, with species present on the 

IBA during breeding season showing a more negative response to impervious cover than 

en-route migrants, suggesting that birds looking for breeding habitat are more sensitive to 

landscape characteristics than those using the area as short-term stopover habitat. This 

distinction is important when planning habitat restoration or management. The 
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management strategy that would benefit the most landbird species would be to limit the 

spread of impervious cover within 250m of sites, especially in hotspot areas farthest 

downstream. However, conservation planning and management strategies should 

consider that even degraded areas have the potential to serve as important stopover 

habitat for migrating birds passing though.  

 

Synthesis and future directions: urban citizen-science landbird monitoring as a 

coupled human and natural system 

While people have always interacted with their natural environments, the exponential 

growth of the global population and the emergence of urban areas as powerful drivers of 

ecosystem change have created a need for greater study of how humans and nature co-

evolve. The investigation of coupled human and natural systems is emerging in response 

to the growing recognition of the need for sustainability solutions that address the 

complexity of both systems. A coupled human and natural system is a system in which 

interaction between human and natural components is connected through a series of 

linkages and feedbacks (Liu et al. 2007a). Studying citizen-science involvement in 

natural resources monitoring in urban areas as a coupled human and natural system may 

provide unique insights into the connections between urbanization, biodiversity 

conservation, land management and planning, science education and research, 

community involvement and activism, and government policy.  

 

Cities are, by their very nature, coupled human and natural systems. The growth of urban 

areas contributes to biodiversity loss and ecosystem degradation (Alberti 2005) as sprawl 

converts surrounding land to developed cover and cities import resources from distant 

ecosystems. While the loss of native plants, wildlife, and their habitats in urban areas 

decreases global biodiversity, it also results in cities and suburbs that are visually and 

experientially impoverished for human residents (Turner et al. 2004). In addition to 

collecting data about urban systems, citizen science provides an opportunity for 

investigating the effects of residents’ interaction with the natural systems around them. 

Many studies have suggested that contact with greenness, naturalistic vistas, and wildlife 
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has diverse benefits for city dwellers (Kaplan and Kaplan 2005). One outcome may be an 

increased awareness of local and large-scale environmental issues and a greater support 

for conservation projects and policies (Ryan et al. 2001). Educating communities about 

the importance of local conservation and urban greening initiatives as part of a global 

approach to preserving biodiversity may be key to their sustained success. Engaging 

urban and suburban residents in citizen-science projects has the potential to forge 

powerful connections between residents and their cities, researchers and residents, and 

researchers and the city. 

  

The study of nested interactions is important in coupled human-natural system research 

(Liu et al. 2007b), and citizen scientists are involved in monitoring programs in North 

America that study bird populations at the local, regional, and continental scales. The 

Mississippi River Twin Cities IBA Landbird Monitoring Program may operate on a very 

local scale, but it has the potential to contribute to coordinated bird monitoring efforts at 

both the regional and continental scales (Bart and Ralph 2005; Downes et al. 2005). The 

data produced from this program can be pooled with other studies to help build a larger-

scale understanding of trends in bird populations, and a regional or continental context 

can in turn help inform local management decisions. Studying the social outcomes of 

volunteer participation in this program, and others like, it over time may help us better 

understand the potential benefits to individuals and communities of interacting with 

nature as part of a scientific study. Understanding key feedbacks between human and 

natural factors that influence habitat, wildlife, land use decisions, social values, and 

public policy could prove valuable in developing sustainable conservation and 

management strategies in highly complex urbanizing landscapes.  

 



  164 

 
LITERATURE CITED: 
Alberti, M. 2005. The effects of urban patterns on ecosystem function. International 
Regional Science Review 28(2): 168-192. 
 
Bart, J. and J. Ralph. 2005. The need for a North American coordinated bird 
monitoring program. USDA Forest Service General Technical Report PSW-GTR-191. 
 
Downes, C.M., J. Bart, B.T. Collins, B. Craig, B. Dale, E.H. Dunn, C.M. Francis, S. 
Woodley, and P. Zorn. 2005. Small-scale monitoring – can it be integrated with large-
scale programs? USDA Forest Service General Technical Report PSW-GTR-191.  
 
Kaplan, R. and S. Kaplan. 2005. Preference, restoration, and meaningful action in the 
context of nearby nature. Ch. 12 in Barlett (Ed.) Urban Place: Reconnecting to the 
Natural World, MIT Press, Cambridge. Pp. 271-298. 
 
Liu, J., T. Dietz, S.R. Carpenter, M. Alberti, C. Folke, E. Moran, A.N. Pell, P. 
Deadman, T. Kratz, J. Lubchenco, E. Ostrom, Z. Ouyang, W. Provencher, C.L. 
Redman, S.H. Schneider, and W.W. Taylor. 2007a. Complexity of coupled human and 
natural systems. Science 317: 1513-1516. 
 
Liu, J., T. Dietz, S.R. Carpenter, C. Folke, M. Alberti, C.L. Redman, S.H. 
Schneider, E. Ostrom, A.N. Pell, J. Lubchenco, W.W. Taylor, Z. Ouyang, P. 
Deadman, T. Kratz, and W. Provencher. 2007b. Coupled human and natural systems. 
Ambio 36(8): 639-649.  
 
Ryan, R.L., R. Kaplan, & R.E. Grese. 2001. Predicting Volunteer Commitment in 
Environmental Stewardship Programmes. Journal of Environmental Planning and 
Management 44(5): 629-648.  
 
Turner, W.R., T. Nakamura, and M. Dinetti. 2004. Global urbanization and the 
separation of humans from nature.  BioScience 54(6): 585-590. 
 
 



 165 

Chapter 7 
 
 
 
 
 
 
 
 

Bibliography 



 166 

 
Alberti, M. 2005. The effects of urban patterns on ecosystem function. International 
Regional Science Review 28(2): 168-192. 
 
Alldredge, M. W., K. H. Pollock, and T. R. Simons. 2006. Estimating detection 
probabilities from multiple-observer point-counts. Auk 123(4): 1172-1182.  
 
Askins, R.A. 1995. Hostile landscapes and the decline of migratory songbirds. Science 
267:1956-1967. 
 
Audubon and Cornell Lab of Ornithology. [online]. 2008. eBird: An online database 
of bird distribution and abundance. Version 2. Ithaca, New York. 
<http://ebird.org/content/ebird/> (12 December 2008). 
 
Bardon, K.J. 2001. The Hastings-Prescott Bird Count. The Loon 73(4): 231-235 
 
Bart, J. and J. Ralph. 2005. The need for a North American coordinated bird 
monitoring program. USDA Forest Service General Technical Report PSW-GTR-191. 
 
Beissinger, S.R. and D.R. Osborne. 1982. Effects of urbanization on avian community 
organization. Condor 84: 75-83.  
 
Beyer, H.L. 2004. Hawth’s analysis tools for ArcGIS. [online] 
http://www.spatialecology.com/htools 
 
Bibby, C.J., N.D. Burgess, and D.A. Hill. 1992. Bird Census Techniques. Academic 
Press, London. 
 
BirdLife International. 2008. State of the world’s birds: indicators for our changing 
world. BirdLife International, Cambridge, UK. 
 
Blair, R.B. 1996. Land use and avian species diversity along an urban gradient. 
Ecological Applications 6: 506-519. 
 
Blair, R.B. 2001. Creating a homogenous avifauna. In: Marzluff, J.M., Bowman, R., 
Donnelly, R. (Eds.), Avian Ecology and Conservation in an Urbanizing World. Kluwer 
Academic Publishers, Boston, MA, pp. 459-486.  
 
Blair, R.B. 2004. The effects of urban sprawl on birds at multiple levels of biological 
organization. Ecology and Society 9(5): 2. [online] 
http://www.ecologyandsociety.org/vol9/iss5/art2/ 
 
Blair, R.B. and E.M. Johnson. 2008. Suburban habitats and their role for birds in the 
urban-rural habitat network: points of local invasion and extinction? Landscape Ecology 
23: 1157-1169. 



 167 

 
Brossard, D., B. Lewenstein, and R. Bonney. 2005. Scientific knowledge and attitude 
change: the impact of a citizen science project. International Journal of Science 
Education 27(9): 1099-1121. 
 
Burghardt, K.T., D.W. Tallamy, and W.G. Shriver. 2008. Impact of native plants on 
bird and butterfly diversity in suburban landscapes. Conservation Biology 23(1): 219-
224. 
 
Burnham, K. P. and D. R. Anderson. 2002. Model selection and multimodel inference:  
a practical information-theoretic approach. Springer, New York. 
 
Center for Watershed Protection. 2003. Impacts of Impervious Cover on Aquatic 
Systems. Watershed Protection Research Monograph No. 1. Ellicott City, MD.  
 
Chace, J.F., and J.J. Walsh. 2006. Urban effects on native avifauna: a review. 
Landscape and Urban Planning 74: 46-69. 
 
Cheskey, E.D., and W.G. Wilson. 2001. Cabot Head Important Bird Area Conservation 
Plan. Unpublished. Written for the Cabot Head IBA Stakeholders. 
 
Chipley, R. [ed.]. 1999. Methods. North American Important Bird Areas, Commission 
for Environmental Cooperation, Montreal. 
 
Clergeau, P., S. Croci, J. Jokimäki, M.-L. Kaisanlahti-Jokimäki, M. Dinetti. 2006. 
Avifauna homogenization by urbanization: analysis at different European latitudes. 
Biological Conservation 127: 336-344. 
 
Commission for Environmental Cooperation (CEC). 1999. North American Important 
Bird Areas: A directory of 150 key conservation sites. Communications and Public 
Outreach Department, CEC Secretariat, Montréal, Canada. 
 
Danielsen, F., N.D. Burgess, and A. Balmford. 2005. Monitoring matters: examining 
the potential of locally-based approaches. Biodiversity and Conservation 14:2507-2542. 
 
Downes, C.M., J. Bart, B.T. Collins, B. Craig, B. Dale, E.H. Dunn, C.M. Francis, S. 
Woodley, and P. Zorn. 2005. Small-scale monitoring – can it be integrated with large-
scale programs? USDA Forest Service General Technical Report PSW-GTR-191.  
 
Engel, S. and R. Voshell. 2002. Volunteer biological monitoring: can it accurately assess 
the ecological condition of streams? American Entomologist 48:164-177. 
 
Environmental Systems Research Institute, Inc. (ESRI). 2004. ArcGIS Version 9.0. 
Redlands, California. 
 



 168 

Farnsworth, G. L., K. H. Pollock, J. D. Nichols, T. R. Simons, J. E. Hines, and J. R. 
Sauer. 2002. A removal method for estimating detection probabilities from point-count 
surveys. Auk 119: 414-425. 
 
Forcey, G. M., J. T. Anderson, F. K. Ammer, and R. C. Whitmore. 2006. Comparison 
of two double-observer point-count approaches for estimating breeding bird abundance. 
Journal of Wildlife Management 70(6):1674-1681. 
 
Friesen, L.E., P.F.J. Eagles, R.J. Mackay. 1995. Effects of residential development on 
forest-dwelling neotropical migrant songbirds. Conservation Biology 9(6): 1408-1414. 
 
Galli, J. 2005. Minnesota Important Bird Areas Nomination Form. Audubon Minnesota, 
St. Paul, MN. Unpublished. 
 
Gazal, R., M.A. White, R. Gillies, E. Rodemaker, E. Sparrow, and L. Gordon. 2008. 
GLOBE students, teachers, and scientists demonstrate variable differences between urban 
and rural leaf phenology. Global Change Biology 14:1568-1580. 
 
Gostomski, T., M. Knutson, N. P. Danz, B. Route, and T. W. Sutherland. 2010. 
Landbird monitoring protocol, Great Lakes Inventory and Monitoring Network. Natural 
Resource Report NPS/GLKN/NRR—2010/225. National Park Service, Fort Collins, 
Colorado.  
 
Hayak, L.C. and M.A. Buzas. 1997. Surveying natural populations. Columbia 
University Press, New York. 
 
Heim, C.E. 2001. Leapfrogging, urban sprawl, and growth management. American 
Journal of Economics and Sociology 60: 245-283. 
 
Herkert, J. R. 1994. The effects of habitat fragmentation on Midwestern grassland bird 
communities. Ecological Applications 4(3):461-471. 
  
Hines, J. E. 2000. Program DOBSERV: User instructions. USGS Biological Resources 
Division, Pautuxent Wildlife Research Center, Laurel, MD. [online] URL: 
http://www.mbr-pwrc.usgs.gov/software/doc/dobserv.html 
 
Homayoun, T. Z. and R. B.  Blair. 2009. Citizen-Science Monitoring of Landbirds in 
the Mississippi River Twin Cities Important Bird Area. Pages 607-616 in T.D., Rich, C. 
Arizmendi, D. Demarest and C. Thompson, editors. Tundra to Tropics: Connecting 
Birds, Habitats and People. Proceedings of the 4th International Partners in Flight 
Conference, 13-16 February 2008, McAllen, TX. Partners in Flight. 
 
Kahn, Jr., P.H.  2002.  Children’s affiliation with nature: structure, development, and 
the problem of environmental generational amnesia.  In Kahn, P.H., Kellert, S.R., (Eds.) 



 169 

Children and Nature: Psychological, Sociocultural, and Evolutionary Investigations.  
MIT Press, Cambridge. pp.  117-151. 
 
Kaplan, R. and S. Kaplan. 2005. Preference, restoration, and meaningful action in the 
context of nearby nature. Ch. 12 in Barlett (Ed.) Urban Place: Reconnecting to the 
Natural World, MIT Press, Cambridge. Pp. 271-298. 
 
Knutson, M., N. Danz, and B. Route. 2007. Passerine Monitoring Protocol for National 
Wildlife Refuges and Nationals Parks in Great Lakes Network. US Department of the 
Interior, National Parks Service, Ashland, WI.  
 
Lidell, B. and J. Cooper. 1998. Waterbirds use of the Mississippi River Pool no. 2 from 
River Mile 815 to 837: Spring, Summer and Fall l997. Unpublished report, Minnesota 
Department of Natural Resources Nongame Wildlife Program, St. Paul office. 
 
Liu, J., T. Dietz, S.R. Carpenter, M. Alberti, C. Folke, E. Moran, A.N. Pell, P. 
Deadman, T. Kratz, J. Lubchenco, E. Ostrom, Z. Ouyang, W. Provencher, C.L. 
Redman, S.H. Schneider, and W.W. Taylor. 2007a. Complexity of coupled human and 
natural systems. Science 317: 1513-1516. 
 
Liu, J., T. Dietz, S.R. Carpenter, C. Folke, M. Alberti, C.L. Redman, S.H. 
Schneider, E. Ostrom, A.N. Pell, J. Lubchenco, W.W. Taylor, Z. Ouyang, P. 
Deadman, T. Kratz, and W. Provencher. 2007b. Coupled human and natural systems. 
Ambio 36(8): 639-649.  
 
Magurran, A. E. 1988. Ecological Diversity and Its Measurement. Princeton University 
Press, Princeton, NJ. 
 
Marzluff, J.M. and K. Ewing. 2001. Restoration of fragmented landscapes for the 
conservation of birds: a general framework and specific recommendations for urbanizing 
landscapes. Restoration Ecology 9:280-292. 
 
Marzluff, J.M. 2005. Island biogeography for an urbanizing world: how extinction and 
colonization may determine biological diversity in human-dominated landscapes. Urban 
Ecosystems 8: 157-177. 
 
McCaffrey, R.E. 2005. Using citizen science in urban bird studies. Urban Habitats 1:70-
86. 
 
McCune, B., and M. J. Mefford. 1999. PC-ORD: multivariate analysis of ecological 
data. Version 5. MjM Software Design, Gleneden Beach, Oregon. 
 
McDonnell, M.J., S.T.A. Pickett, P. Groffman, P. Bohlen, R.V. Pouyat, W.C. 
Zipperer, R.W. Parmelee, M.M. Carreiro, and K. Medley. 1997. Ecosystem processes 
along an urban-to-rural gradient. Urban Ecosystems 1: 21-36.  



 170 

 
McKinney, M.L. 2002. Urbanization, biodiversity, and conservation. BioScience 52(10): 
883-890. 
 
Mehlman, D.W., S.E. Mabey, D.N. Ewert, C. Duncan, B. Abel, D. Cimprich, D. 
Sutter, and M. Woodrey. 2005. Conserving stopover sites for forest-dwelling migratory 
landbirds. Auk 122 (4): 1281-1290. 
 
Metropolitan Council. 2005. Land Use—Twin Cities Region. [online] Accessed 21 Sept 
2010. URL: www.metrocouncil.org/metroarea/LandUse/TwinCitiesRegion.pdf 
 
Minnesota Department of Natural Resources. 2006. Tomorrow’s Habitat for the Wild 
and Rare: An Action Plan for Minnesota Wildlife, Comprehensive Wildlife Conservation 
Strategy. Division of Ecological Services, Minnesota Department of Natural Resources. 
 
Minnesota Important Bird Areas Technical Committee. 2003. Minnesota’s important 
bird areas: selection criteria. Unpublished. [online] 
http://mn.audubon.org/files/Audubon%20Minnesota/documents/Birds_IBA_criteria-
nomination_criteriadetail.doc 
 
Monarch Larva Monitoring Project. 2001. Monarch Larva Monitoring Project 
Website. [online] URL: http://www.mlmp.org/  (Accessed 12 December 2008). 
 
Nichols, J. D., J. E. Hines, J. R. Sauer, F. W. Fallon, J. E. Fallon, and P. J. Heglund. 
2000. A double-observer approach for estimating detection probability and abundance 
from point-counts. Auk 117(2): 393-408. 
 
North American IBA Technical Committee. 1999. Criteria. In North American 
Important Bird Areas, ed. R. Chipley. Commission for Environmental Cooperation, 
Montreal. 
 
North American Bird Conservation Initiative, U.S. Committee. 2009. The State of the 
Birds. United States of America, 2009. U.S. Department of Interior: Washington, DC. 36 
pages.  
 
Pattengill-Semmens, C. V. and B. X. Semmens. 2003. Conservation and management 
applications of the reef volunteer fish monitoring program. Environmental Monitoring 
and Assessment 81:43-50. 
 
Pennington, D.N., J. Hansel, and R.B. Blair. 2008. The conservation value of urban 
riparian areas for landbirds during spring migration: land cover, scale, and vegetation 
effects. Biological Conservation 141: 1235-1248. 
 



 171 

Penrose, D. and S.M. Call. 1995. Volunteer monitoring of benthic macroinvertebrates: 
regulatory biologists’ perspectives. Journal of the North American Benthological Society 
14:203-209. 
 
Pickett, S.T.A., M.L Cadenasso, J.M. Grove, C.H. Nilon, R.V. Pouyat, W.C. Zipperer, 
and R. Costanza. 2001. Urban Ecological Systems: Linking Terrestrial Ecological, Physical, 
and Socioeconomic Components of Metropolitan Areas. Annual Review of Ecology and 
Systematics 32: 127-157. 
 
Prysby, M. and K. Oberhauser. 2004. Temporal and geographic variation in monarch 
densities: citizen scientists document monarch population patterns, p 9-20. In K.S. 
Oberhauser and M.J Solensky [eds.], The monarch butterfly: biology and conservation. 
Cornell University Press, Ithaca, NY. 
 
Rich, T. D., C. J. Beardmore, H. Berlanga, P. J. Blancher, M. S. W. Bradstreet, G. S. 
Butcher, D. W. Demarest, E. H. Dunn, W. C. Hunter, E. E. Iñigo-Elias, J. A. 
Kennedy, A. M. Martell, A. O. Panjabi, D. N. Pashley, K. V. Rosenburg, C. M. 
Rustay, J. S. Wendt, and T. C. Will. 2004. Partners in Flight North American landbird 
conservation plan. Cornell Laboratory of Ornithology, Ithaca, NY. 
 
Riddle, J.D., R.S. Mordecai, K.H. Pollock, and T.R. Simons. 2010a. Effects of prior 
detections on estimates of detection probability, abundance, and occupancy. Auk 127(1): 
94-99.  
 
Riddle, J.D., K.H. Pollock, and T.R. Simons. 2010b. An unreconciled double-observer 
method for estimating detection probability and abundance. Auk 127(4): 841-849. 
 
Robinson, S.K., F.R. Thompson III, T.M. Donovan, D.R. Whitehead, J. Faaborg. 
1995. Regional forest fragmentation and the nesting success of migratory birds. Science 
267: 1987-1990. 
 
Rodewald, P.G. and S.N. Matthews. 2005. Landbird use of riparian and upland forest 
stopover habitats in an urban landscape. Condor 107: 259-268. 
 
Root, T. 1988. Atlas of Wintering North American Birds: An Analysis of Christmas Bird 
Count Data. The University of Chicago Press, Chicago, IL, USA. 
 
Rosenstock, S. S., D. R. Anderson, K. M. Giesen, T. Leukering, and M. F. Carter. 
2002. Landbird counting techniques: current practices and an alternative. Auk 119:46-53. 
 
Ryan, R.L., R. Kaplan, and R.E. Grese. 2001. Predicting Volunteer Commitment in 
Environmental Stewardship Programmes. Journal of Environmental Planning and 
Management 44(5):629-648.  
 
SAS Institute. 2009. JMP 8.0. SAS Institute. Cary, North Carolina. 



 172 

 
Sauer, J. R., Hines, J. E., and Fallon, J. 2008.  The North American Breeding Bird 
Survey, DRAFT Results and Analysis 1966 - 2007. Version 5.15.2008. USGS Patuxent 
Wildlife Research Center, Laurel, MD, USA. [online] URL: http://www.mbr-
pwrc.usgs.gov/bbs/ 
 
Savan, B., A.J. Morgan, and C. Gore. 2003. Volunteer environmental monitoring and 
the role of the universities: the case of Citizens’ Environment Watch. Environmental 
Management 31(5): 561–568. 
 
Savard, JP.L., P. Clergeau, and G. Mennechez. 2000. Biodiversity concepts and urban 
ecosystems. Landscape and Urban Planning 48:131-142. 
 
Swanson, D.L., H.A. Carlisle, and E.T. Liknes. 2003.  Abundance and richness of 
neotropical migrants during stopover at farmstead woodlots and associated habitats in 
southeastern South Dakota. American Midland Naturalist 149: 176-191.  
 
Trumbull, D.J., R. Bonney, D. Bascom, and A. Cabral. 2000. Thinking scientifically 
during participation in a citizen-science project. Science Education 84: 265-275. 
 
Tucson Bird Count. 2008. The Tucson Bird Count. [online]. 
http://www.tucsonbirds.org/index.html (Accessed 12 December 2008). 
 
Turner, W.R. 2003. Citywide biological monitoring as a tool for ecology and 
conservation in urban landscapes: the case of the Tucson Bird Count. Landscape and 
Urban Planning 65:149-166. 
 
Turner, W.R., T. Nakamura, and M. Dinetti. 2004. Global urbanization and the 
separation of humans from nature.  BioScience 54(6): 585-590. 
 
UNFPA. 2007. State of the World Population 2007: Unleashing the Potential of Urban 
Growth. UNPFA, New York. [online] http://www.unfpa.org/swp/ 
 
United States Environmental Protection Agency. 1997. Volunteer Stream Monitoring: 
A Methods Manual. [online] http://www.epa.gov/volunteer/stream/ 
 
Vaske, J.J. and K.C. Kobrin.  2001.  Place attachment and environmentally responsible 
behavior. Journal of Environmental Education 32(4): 116-21. 
 
Vitousek, P.M., H.A. Mooney, J. Lubchenco, and J.M. Melillo. 1997. Human 
domination of Earth’s ecosystems. Science 277: 494-499. 
 
 
 
 


	TZH IntroPages
	TZH Chapter 1
	TZH Chapter 2
	TZH Ch2 PIF paper r2
	TZH Ch2 PIF paper r2.2
	TZH Ch2 PIF paper r2.3

	TZH Chapter 3
	TZH Ch3 pt cts r2
	TZH Ch3 pt cts r2.2
	TZH Ch3 pt cts r2.3
	TZH Ch3 pt cts r2.4
	TZH Ch3 pt cts r2.5
	TZH Ch3 pt cts r2.6

	TZH Chapter 4
	TZH Ch4 birds LULC r2
	TZH Ch4 birds LULC r2.2
	TZH Ch4 birds LULC r2.3
	TZH Ch4 birds LULC r2.4
	TZH Ch4 birds LULC r2.5
	TZH Ch4 birds LULC r2.6

	TZH Chapter 5
	TZH Ch5 IBAwebsite r2
	TZH Ch5 IBAwebsite r2.2
	TZH Ch5 IBAwebsite r2.3
	TZH Ch5 IBAwebsite r2.4
	TZH Ch5 IBAwebsite r2.5

	TZH Chapter 6
	TZH Chapter 7

