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Executive Summary 

Bird Conservancy of the Rockies (Bird Conservancy), in conjunction with its partners, conducted 
landbird monitoring for the ninth year in a row for the Integrated Monitoring in Bird Conservation 
Regions (IMBCR) program. IMBCR uses a spatially balanced sampling design which allows 
inferences to avian species occurrence and population sizes at various scales, from local 
management units to entire BCRs or states, facilitating conservation at local and national levels. 
The sampling design allows analysts to estimate species densities, population sizes, and 
occupancy rates for individual strata or biologically meaningful combinations of strata. The 
IMBCR design provides a spatially consistent and flexible framework for understanding the 
status and annual changes of bird populations. Collaboration across organizations and spatial 
scales increase sample sizes and improve the accuracy and precision of population estimates. 
Analyzing the data collectively allows us to estimate detection probabilities for species that 
would have otherwise had insufficient numbers of detections at local scales. 
 
In 2016, the IMBCR programôs area of inference encompassed two entire states (Colorado and 
Wyoming) and portions of 11 additional states (Arizona, Idaho, Kansas, Montana, Nebraska, 
New Mexico, North Dakota, Oklahoma, South Dakota, Texas and Utah). We surveyed across 
US Forest Service (USFS) Regions 1 and 2 and portions of Regions 3 and 4; all of the Badlands 
and Prairies Bird Conservation Region (BCR), almost all of the Shortgrass Prairie Bird 
Conservation Region (BCR18), and portions of seven other BCRs (Great Basin, Northern 
Rockies, Prairie Potholes, Southern Rockies/Colorado Plateau, Central Mixed Grass Prairie, 
Sonoran and Mohave Deserts, and Sierra Madre Occidental). Field technicians completed 
1,551 of 1,590 (97.5%) planned surveys. Technicians conducted 17,697 point counts within the 
1,551 surveyed sampling units between 26 April and 19 July 2016. They detected 235,784 
individual birds representing 335 species. 
 
To view interactive maps illustrating survey and detection locations, species counts and density, 
population and occupancy results, please visit Bird Conservancyôs Rocky Mountain Avian Data 
Center at http://rmbo/v3/avian/ExploretheData.aspx. Instructions for using the Avian Data 
Center are included in Appendix A of this report and are available on the Avian Data Center 
itself. Each stratum or combination of strata presented in this report's Results section contains a 
web link that leads directly to the Avian Data Center with the appropriate queries already 
populated. Please note that not every stratum or conceivable combination of strata are 
summarized in this report. All individual strata and all biologically meaningful combinations of 
strata, or ñsuperstrataò, can be found on the Avian Data Center. 
 
To demonstrate the use of IMBCR monitoring data for bird conservation, we focus on population 
trends 2009-2016 of five priority grassland bird species in the Badlands and Prairies BCR of the 
Northern Great Plains. Trends in density and occupancy estimates differed among the species, 
suggesting that factors impacting the trends were not the same for all species. For example, 
Chestnut-collared Longspur numbers decreased dramatically, highlighting the need for 
immediate actions. In contrast, Lark Bunting populations remained stable in the BCR over the 
eight-year period. 
 
The IMBCR program is well positioned to address conservation and management needs for a 
wide range of stakeholders, landowners, and government entities at various spatial scales. By 
focusing on multiple scales from local management units to BCRs, IMBCR can easily be 
integrated within an interdisciplinary approach to bird conservation that combines monitoring, 
research and management. Recently developed habitat analyses and species distribution maps 
can be used as the basis of decision support tools for avian conservation.  

http://rmbo/v3/avian/ExploretheData.aspx
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Introduction 

Monitoring is an essential component of wildlife management and conservation science (Witmer 
2005, Marsh and Trenham 2008). Common goals of population monitoring are to estimate the 
population status of target species and to detect changes in populations over time (Thompson 
et al. 1998, Sauer and Knutson 2008). In addition to providing basic information on species 
distributions, effective monitoring programs can identify species that are at-risk due to small or 
declining populations (Dreitz et al. 2006); provide an understanding of how management actions 
affect populations (Alexander et al. 2008, Lyons et al. 2008); and evaluate population responses 
to landscape alteration and climate change (Baron et al. 2008, Lindenmayer and Likens 2009); 
as well as provide basic information on species distributions.. 
 
While monitoring at local scales remains critical, there is an increasing need to monitor the 
consequences of environmental change over large spatial and temporal scales and address 
questions much larger than those that can be answered within individual management units, 
such as a national forest (Lindenmayer and Likens 2009). Reconciling disparities between the 
geographic scale of management actions and the scale of ecological and species-specific 
responses is a persistent challenge for natural resource management agencies (Ruggiero et al. 
1994). Population monitoring of eco-regional landscapes provides an important context for 
evaluating population change at local and regional scales, with the potential to identify causal 
factors and management actions for species recovery (Manley et al. 2005, Sauer and Knutson 
2008). 
 
Bird Conservation Regions (BCRs) provide a spatially consistent framework for bird 
conservation in North America (Figure 1)(US North American Bird Conservation Initiative 2007). 
BCRs represent distinct ecological regions with similar bird communities, vegetation types and 
resource management interests (US North American Bird Conservation Initiative 2000). 
Population monitoring within BCRs can be implemented with a flexible hierarchical framework of 
nested units, where information on status of bird populations can be partitioned into smaller 
units for small-scale conservation planning, or aggregated to support large-scale conservation 
efforts throughout a speciesô geographic range. By focusing on scales relevant to management 
and conservation, information obtained from monitoring in BCRs can be integrated into research 
and management at various scales applicable to land managers (Ruth et al. 2003). 
 
The apparent large-scale declines of avian populations and the loss, fragmentation and 
degradation of native habitats highlight the need for extensive and rigorous landbird monitoring 
programs (Rich et al. 2004, US North American Bird Conservation Initiative 2007). Population 
monitoring helps to achieve the intent of legislation such as the Migratory Bird Treaty Act 
(1918), National Environmental Policy Act (1969), Endangered Species Act (1973), the National 
Forest Management Act (1976) and various state laws (Manley et al. 1993, Sauer 1993). 
 
Before monitoring can be used by land managers to guide conservation efforts, sound program 
designs and analytic methods are necessary to produce unbiased population estimates (Sauer 
and Knutson 2008). At the most fundamental level, reliable knowledge about the status of avian 
populations requires accounting for spatial variation and incomplete detection of the target 
species (Pollock et al. 2002, Rosenstock et al. 2002, Thompson 2002). Addressing spatial 
variation entails the use of probabilistic sampling designs that allow population estimates to be 
extended over the entire area of interest (Thompson et al. 1998). Accounting for incomplete 
detection involves the use of appropriate sampling and analytic methods to address the fact that 
few, if any, species are so conspicuous that they are detected with certainty when present 
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during a survey (Pollock et al. 2002, Thompson 2002). Accounting for these two sources of 
variation ensures observed trends reflect true population changes rather than artifacts of the 
sampling and observation processes (Pollock et al. 2002, Thompson 2002). 
 
 
 
 

Figure 1. Bird Conservation Regions throughout North America, excluding Hawaii and Mexico 
(Source: http://www.nabci-us.org/map.html). 

  

http://www.nabci-us.org/map.html
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The US North American Bird Conservation Initiativeôs (NABCI) ñOpportunities for Improving 
Avian Monitoringò (US North American Bird Conservation Initiative 2007) provided goals for 
avian monitoring programs: 
 

Goal 1: Fully integrate monitoring into bird management and conservation practices and 
ensure that monitoring is aligned with management and conservation priorities. 
 
Goal 2: Coordinate monitoring programs among organizations and integrate them across 
spatial scales to solve conservation or management problems effectively. 
 
Goal 3: Increase the value of monitoring information by improving statistical design. 
 
Goal 4: Maintain bird population monitoring data in modern data management systems. 
Recognize legal, institutional, proprietary, and other constraints while still providing 
greater availability of raw data, associated metadata, and summary data for bird 
monitoring programs. 

 
With the NABCI Monitoring Subcommittee (2007) guidelines in mind, the IMBCR partners 
designed a broad-scale monitoring program entitled ñIntegrated Monitoring in Bird Conservation 
Regionsò (IMBCR) (Blakesley and Hanni 2009). Important properties of the IMBCR design are: 
 

¶ All areas are available for sampling including all vegetation types; 

¶ Strata are based on fixed attributes; this will allow us to relate changes in bird 
populations to changes on the landscape through time; 

¶ Each stateôs portion of a BCR can be stratified differently, depending upon local 
needs and areas to which one wants to make inferences; 

¶ Aggregation of strata-wide estimates to BCR- or state-wide estimates is built into the 
design; 

¶ Local population trends can be directly compared to regional trends; and 

¶ Coordination among partners can reduce the costs and/or increase efficiencies of 
monitoring per partner. 

 
Using the IMBCR design, the IMBCR partnership monitoring objectives are to: 
 

1. Provide robust density, population and occupancy estimates that account for 
incomplete detection and are comparable at different geographic extents; 

2. Provide long-term status and trend data for all regularly occurring breeding species 
throughout the study area; 

3. Provide a design framework to spatially integrate existing bird monitoring efforts in 
the region to provide better information on distribution and abundance of breeding 
landbirds, especially for high priority species; 

4. Provide basic habitat association data for most bird species to address habitat 
management issues; 

5. Maintain a high-quality database that is accessible to all of our collaborators as well 
as to the public over the internet, in the form of raw and summarized data and; 

6. Generate decision support tools that help guide conservation efforts and provide a 
better measure of conservation success. 
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Program History 

In 1995, Bird Conservancy of the Rockies (Bird Conservancy; formerly Rocky Mountain Bird 
Observatory), in partnership with Colorado Parks and Wildlife (CPW; formerly Colorado Division 
of Wildlife), the United States Forest Service (USFS), the Bureau of Land Management (BLM) 
and the National Park Service (NPS), began efforts to create and conduct a Colorado-wide 
program to monitor breeding bird populations. This was the first attempt in the nation to develop 
and implement a statewide landbird monitoring program. After a successful pilot year in 1998, 
Bird Conservancy implemented the protocol in 13 habitats in Colorado in 1999. Bird 
Conservancy and its partners used this methodology for 10 years and expanded the effort to 
include parts of Arizona, New Mexico, North Dakota, South Dakota, Utah, and Wyoming. 
 
In 2007, the NABCI Monitoring Subcommittee published ñOpportunities for Improving Avian 
Monitoringò (US North American Bird Conservation Initiative 2007) which offered 
recommendations for improving the efficiency and effectiveness of avian monitoring in North 
America. After taking NABCIôs recommendations into consideration, IMBCR partners developed 
a new study design and protocol for statewide bird monitoring in Colorado. The new study 
design used BCRs as the sampling frame and further stratified by land ownership within each 
BCR.  
 

2008 
IMBCR partners stratified and surveyed the Southern Rockies/Colorado Plateau BCR (BCR 16) 
and the Shortgrass Prairie BCR (BCR 18) portions of Colorado, as well as the BCR 16 portion 
of Wyoming. Furthermore, in Colorado BCR 16, we used cell weighting to target high order 
rivers and streams (based on Strahler stream order) and higher elevation habitats (e.g. alpine 
tundra), which occur in a small proportion of the landscape (Blakesley and Hanni 2009). Field 
crews completed over 209 surveys within BCR 16 and BCR 18, resulting in density estimates 
for 69 landbird species. 
 

2009 
After the 2008 season, IMBCR partners determined the cell weighting had caused middle-
elevations in Colorado to be under-sampled. To correct this, all strata in the Colorado and 
Wyoming portions of BCR 16 were restratified without cell weighting. Additionally, the All Other 
Lands stratum in Wyoming BCR 16 was split into two strata: All Other Lands and BLM Lands. 
 
Based on the overall success of the pilot implementation, IMBCR expanded to include the 
Colorado and Wyoming portions of the Northern Rockies (BCR 10); the Great Basin (BCR 9) 
and BCR 18 portions of Wyoming; all of the Badlands and Prairies (BCR 17); the USFS National 
Forests and Grasslands within BCR 18; and Coconino and Prescott National Forests in the 
Sierra Madre Occidental (BCR 34).  
 

2010 
The program expanded to include the BCR 10 and the Prairie Potholes BCR (BCR 11) portions 
of Montana, three national forests in the Idaho portion of BCR 10 and Kaibab National Forest in 
BCRs 16 and 34. Additionally, there were several restratifications done in Colorado BCRs 10 
and 16 between 2009 and 2010. The Colorado BCR 10 stratum was restratified to include the 
small easternmost portion of BCR 10 that dips into Colorado so all Colorado BCR 10 lands are 
represented. The ñNPS Rocky Mountain Inventory and Monitoring Network (RMNW)ò and 
ñNorthern Colorado Plateau Inventory and Monitoring Network (NCPN)ò were restratified 
because some NCPN park units were initially misclassified into the RMNW stratum. In 
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Wyoming, the USFS Region 4 stratum was restratified into three separate strata: ñBridger-Teton 
National Forest front-country/managed areasò, ñBridger-Teton National Forest designated 
roadless/wilderness areasò and ñthe remainder of USFS Region 4 lands in Wyoming BCR 10ò. 
This restratification was done to allow for density and occupancy estimation specifically for the 
Bridger-Teton National Forest. 
 

2011 
The geographic extent of the IMBCR program expanded to the Nebraska portion of the Central 
Mixed-grass Prairie (BCR 19) and included all of the national forests and grasslands in 
Nebraska. Additionally, there were several restratifications done in Colorado. The Colorado 
BCR 10 stratum was split into two strata: BLM Lands and All Other Lands. This was done to 
facilitate improved tracking of priority species on BLM lands throughout Colorado. Rio Grande 
National Forest and White River National Forest strata were each split into three strata: low, 
medium, and high elevations. This stratification by elevation allowed sampling intensity changes 
to target Management Indicator Species on the forests. The Routt National Forest and Arapaho 
and Roosevelt National Forests strata were reorganized and a third stratum, the Williams Fork 
Area, was created from the two because it had mixed administration between the Routt National 
Forest and the Arapahoe and Roosevelt National Forests. The RMNW stratum was restratified 
to accurately reflect land ownership. There was a land acquisition within Great Sand Dunes 
National Monument and some samples were removed from Rio Grande National Forest and 
added to the RMNW stratum; 16 km² were added to the area of the RMNW strata. In South 
Dakota, the Black Hills National Forest stratum was split into two strata based on watersheds in 
the Forest: Hydrologic Code 7 Watersheds and all other watersheds. Stratification by watershed 
allows for adjusting sampling intensity to target Management Indicator Species on the Forest. 
 

2012 
In 2012, we added four strata in Idaho to account for all of BCR10 within the state. We took into 
account the boundary between USFS Regions 1 and 4, which runs through Idaho, when 
stratifying so estimates could be generated at the USFS Region level. The new strata include 
ñAll Other Lands in the Region 1 portion of Idaho BCR 10ò (all lands outside of national forest 
boundaries), ñAll Other Lands in the Region 4 portion of Idaho BCR 10ò (all lands outside of 
national forest boundaries), ñother USFS lands in the Region 1 portion of Idaho BCR 10ò and 
ñUSFS designated roadless/wilderness areas within the Region 4 portion of Idaho BCR 10ò. In 
Arizona, Tonto National Forest became a part of the IMBCR survey effort. The forest was 
stratified into two strata based on elevation to allow sampling intensity changes to target 
Management Indicator Species on the Forests. Kaibab National Forest was restratified into two 
strata based on elevation for the same reason. In Montana, several strata were restratified and 
combined within BCR 17. The three ñAll Other Landsò strata were combined with the ñTribal 
Landsò stratum into one ñAll Other Landsò stratum. The four BLM strata within Montana BCR 17 
were combined into one BLM stratum. These strata were collapsed into larger strata to 
maximize the number of samples conducted within two strata rather than spread them out 
amongst eight strata. 
 

2013 
2013 brought significant changes to the programôs overall stratification methods. The original 
IMBCR sampling grids were created at the state scale and as the program expanded, additional 
sampling grids were created at the BCR scale. In response to a rapidly growing monitoring 
program, the partnership acknowledged the need for a standard national grid system to promote 
the coordination and application of monitoring data in conservation. The group proposed the use 
of the United States National Grid (USNG), a national grid system created by the Federal 
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Geographic Data Committee, as its standard. There are three advantages to using the USNG. 
First, the use of standard grids allows for the integration of datasets and subsequent 
identification of areas where sampling should or has not occurred. Second, it provides a means 
to identify sampled areas in a consistent manner so results of monitoring projects can be 
evaluated in a spatially comparable way. Lastly, it facilitates regional and national-level avian 
distribution modeling and the development of broad-scale avian distribution maps. This standard 
was approved by the NABCI committee. Bird Conservancy started using the USNG for new 
stratification and restratification schemes in 2013. 
 
We added several USFS strata to the sampling frame for the 2013 field season ï Coronado 
National Forest in southern Arizona, Carson National Forest in north-central New Mexico, and 
Caribou-Targhee National Forest in southeastern Idaho. Coronado and Carson National Forests 
were stratified into two strata based on elevation to allow for adjusting sampling intensity to 
target Management Indicator Species on the Forests. Because Caribou-Targhee National 
Forest spans three states and three BCRs, it was necessary to divide the forest into four strata. 
The state and BCR-level stratification distinctions allowed the summation of the data for 
individual states or BCRs. The four new strata in Idaho and Utah join a preexisting Caribou-
Targhee stratum in west-central Wyoming as a part of Wyomingôs statewide effort. In addition, 
Pawnee National Grassland was split into two strata ï public lands and private lands ï since 
Pawnee National Grassland contains a large amount of private land within its administrative 
boundary. This allowed the USFS to concentrate more survey effort specifically on public lands. 
In Wyoming, the preexisting stratum in BCR 10 containing all USFS Region 4 lands (other than 
Bridger-Teton National Forest) was restratified into three separate strata, one for each Forest 
(Caribou-Targhee, Ashley, and Wasatch). This allows for forest-wide estimates within Caribou-
Targhee National Forest. If, in the future, Ashley and Wasatch National Forests are completely 
sampled, this will also allow for forest-wide estimates in each of those forests. 
 
The North Dakota, South Dakota, and Nebraska portions of BCR 17 underwent a complete 
restratification to incorporate several NPS Northern Great Plains Inventory and Monitoring 
Network (NGPN) strata. All of the non-NPS strata in these states were retained, but renamed to 
avoid confusion. The NPS strata were stratified by NPS unit to allow the NGPN to monitor birds 
on each of its units separately. New strata included Knife River Indian Villages National Historic 
Site, Theodore Roosevelt National Park, Badlands National Park, Jewel Cave National 
Monument, Mount Rushmore National Monument, and Wind Cave National Park. 
 
Nebraska BCR 18 also underwent a complete restratification to allow for the individual 
stratification of Agate Fossil Beds and Scotts Bluff National Monuments. We also added an 
additional stratum for Cherry Ranch, a property owned by The Nature Conservancy (TNC). 
 

2014 
In Colorado, the Arapaho and Roosevelt and the Pike and San Isabel National Forests were 
restratified to allow these forests to monitor treatments intended to mitigate fire hazard and 
improve forest health. We divided each forest into two strata: a control stratum and the 
remainder of the forest. The control portion of the Arapaho and Roosevelt National Forests 
consists of lands ranging in elevation from 6,000 ft. (1,829 m) to 9,000 ft. (2,743 m) and 
excludes treatment areas and areas burned between 1998 and 2013. The Pike and San Isabel 
control stratum ranges from 6,000 ft. (1,829 m) to 9,500 ft. (2,896 m) and excludes treatment 
areas and areas burned between 1998 and 2013. We created a single experiment overlay 
stratum for all of Arapaho and Roosevelt and Pike and San Isabel National Forests consisting of 
actual treatment areas (areas with >30% treatment). Since this stratum spans multiple forests, it 
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is not considered to be a part of the IMBCR design; however, detections from this stratum do 
contribute to the number of detections used in analyses. 
 
Significant stratification changes were made to the BCR 10 portion of Idaho. The four strata 
defined in the 2012 field season were further subdivided into nine strata. The boundary between 
USFS Regions 1 and 4 runs through Idaho and was taken into account when restratifying so 
that estimates could be generated at the USFS Region level. The new strata created in Idaho 
BCR 10 include the ñIdaho portion of Bitterroot National Forestò, ñBLM Lands within Idaho 
BCR10ò, ñBoise National Forestò, ñthe Idaho portion of Kootenai National Forestò, ñPayette 
National Forestò, ñSalmon-Challis National Forestò, ñSawtooth National Forestò, ñAll other Lands 
within Idaho BCR 10 and USFS Region 1ò (all lands outside of national forest and BLM 
boundaries) and ñAll Other Lands within Idaho BCR 10 and USFS Region 4ò (all lands outside of 
national forest and BLM boundaries). Since Bitterroot and Kootenai National Forests span Idaho 
and Montana, 2014 density and occupancy estimates for those forests included strata from both 
states. In the past, ñforest-wideò estimates have only represented the Montana portion of these 
forests. 
 
We subdivided the US Fish and Wildlife Service (USFWS) strata in Montana BCRs 11 and 17 to 
allow density and occupancy estimation specifically within the Charles M. Russell National 
Wildlife Refuge. Previously, we grouped all USFWS lands together in these BCRs, limiting 
estimates for individual refuges. In each BCR, we created two new strata ï a Charles M. Russel 
NWR stratum and an ñAll Other USFWS Landsò stratum. 
 
In addition to restratification, we added a few new strata to the IMBCR program in 2014. In 
Nebraska, NGPN began monitoring on the Niobrara National Scenic River spanning BCRs 17 
and 19. In Utah, we created a new stratum for Manti-La Sal National Forest. Previously, only the 
Colorado portion of Manti-La Sal was stratified and surveyed. The additional Utah portion allows 
for the generation of forest-wide estimates for Manti-La Sal. 
 

2015 
In 2015, the Department of Defense (DoD) stratum in Colorado BCR 18 was completely 
restratified as part of a DoD Legacy Resource Management Program Grant to represent six 
individual military installations: US Air Force Academy, Fort Carson, Pueblo Chemical Depot, 
Piñon Canyon, and All Other DoD Lands. This DoD installation-level stratification allows for the 
generation of density and occupancy estimates for each installation. Fort Carson and Piñon 
Canyon were further stratified by areas within range fans (training zones) and areas outside of 
range fans to allow the DoD to assess the effects of military training on bird species.  
 
The Rocky Mountain Arsenal National Wildlife Refuge stratum also came out of the 2015 
restratification. During WWII, the Rocky Mountain Arsenal, as it was originally known, was a 
chemical weapons manufacturing facility. At the time of the 2008 IMBCR stratification in the 
state Colorado, it was still partially owned by the US Army and was included in the DoD stratum. 
The refuge is now in its own individual stratum.  
 
The IMBCR program expanded to include the Missouri National Recreational River (MNRR), 
part of the NPS NGPN in Nebraska and South Dakota. There are two strata for MNRR 
representing the 39 Mile District and the 59 Mile District. In Utah, an additional stratum was 
added for Sanpitch Recreation Area. This area is part of Uinta National Forest but administered 
by Manti-La Sal National Forest and will be incorporated into forest-wide estimates for Manti-La 
Sal National. 
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2016 
In 2016, the Playa Lakes Joint Venture (PLJV) coordinated a partnership between several state 
wildlife agencies and Bird Conservancy to expand sampling in five of the joint ventureôs six 
states: Nebraska, Kansas, New Mexico, Oklahoma, and Texas. PLJVôs sixth state, Colorado, 
was already included in the IMBCR program starting in 2008. This expansion now provides the 
program with nearly complete coverage of two BCRs that were only sparsely covered in past 
years: Shortgrass Prairie (BCR 18) and Central Mixed Grass Prairie (BCR 19). The BCR 18 and 
19 portions of these 5 states were divided into several strata, including, playas, rivers, 
biologically unique landscapes in Nebraska, and all other lands. 
 
The IMBCR program also underwent a major expansion into the state of Utah in 2016. The 
entire state was stratified into BLM, USFS, DoD, and All Other Lands strata. This year was 
somewhat of a pilot year, with select BLM, USFS, DoD, and all other lands strata sampled 
across the state. In future years, sampling will be increased to a statewide level. 
 
In addition to new strata, some existing strata were restratified for a variety of reasons. In North 
and South Dakota, we restratified the Tribal and All Other Lands strata to ensure all tribal lands 
were only included in the tribal lands strata. In the past, some tribal lands could still be found 
within the All Other Lands strata. We also restratified Cimarron, Kiowa, and Rita Blanca National 
Grasslands in Kansas, Oklahoma, New Mexico, and Texas. With the expansion of IMBCR 
throughout the PLJV region, these strata needed to be fit to the US National Grid to make them 
consistent with the rest of the IMBCR program in the region. In addition, we determined that the 
portion of Rita Blanca National Grassland that fell in New Mexico was actually managed by 
Kiowa National Grassland, so that portion was moved to the Kiowa National Grasslands 
stratum. All DoD lands in Colorado BCR18 were combined into one stratum. This was the same 
stratification used prior to 2015.  
 

Methods 

Study Area 
In 2016, IMBCR encompassed 2 entire states (Colorado and Wyoming) and portions of 11 
additional states (Arizona, Idaho, Kansas, Montana, North Dakota, Nebraska, New Mexico, 
Oklahoma, South Dakota, Texas and Utah); 2 entire USFS Regions (Regions 1 and 2) and 
portions of Regions 3 and 4; all of the Badlands and Prairies BCR and almost all of the 
Shortgrass Prairie BCR and portions of 7 additional BCRs (Great Basin, Northern Rockies, 
Prairie Potholes, Southern Rockies/Colorado Plateau, Central Mixed-grass Prairie, Sonoran and 
Mohave Deserts, and Sierra Madre Occidental; Figure 2). 
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Figure 2. Spatial extent of sampled strata using the IMBCR design, 2016. 

 

BCR 9: Great Basin 
The Great Basin Bird Conservation Region is a large area encompassing a wide variety of 
habitats throughout lowlands and mountains (US North American Bird Conservation 
Initiative 2000). It is a mostly dry region of grassland and semi-desert shrubland spread 
across the lowlands and flat country, interspersed with a few marshes and lakes that are 
very important to shorebirds and waterbirds. At higher elevations Pinyon-Juniper woodlands 
and Ponderosa Pine forests transition into Lodgepole Pine and sub-alpine fir forests. BCR 9 
covers portions of British Columbia, Washington, Oregon, California, Nevada, Idaho, Utah, 
and Wyoming. 
 
This was the sixth year we implemented IMBCR within BCR 9. Bird Conservancy, DoD, 
Intermountain Bird Observatory (IBO), and Utah Division of Wildlife Resources (UDWR) 
conducted surveys within the Idaho, Utah, and Wyoming portions of BCR 9 comprising 19 
strata covering 115,114 km². 

 

BCR 10: Northern Rockies 
The Northern Rockies Bird Conservation Region is characterized by high-elevation 
mountain ranges with mixed conifer forests and intermountain regions dominated by 
sagebrush steppe and grasslands (Partners in Flight 2000). Higher elevation forests consist 
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mainly of Ponderosa Pine, Douglas Fir, Lodgepole Pine, Engelmann Spruce, and Subalpine 
Fir. Tundra occurs at the highest elevations. BCR 10 covers portions of Wyoming, Montana, 
Idaho, British Columbia, Oregon and small portions of Colorado, Washington, and Alberta. 
 
This was the eighth year we implemented IMBCR within BCR 10. Bird Conservancy and 
Wyoming Natural Diversity Database (WYNDD) conducted surveys throughout the Colorado 
and Wyoming portions of BCR 10 and IBO conducted surveys within BLM and USFS lands 
in Idaho and Montana. The effort in BCR 10 comprised 66 strata covering 338,349 km². 

 

BCR 11: Prairie Potholes 
The Prairie Potholes Bird Conservation Region consists of mixed grass prairie in the west, 
tall grass prairie in the east, and thousands of small wetlands scattered across its 
geographical extent (US North American Bird Conservation Initiative 2000). About 70% of 
BCR 11ôs original grasslands have been converted to agriculture, but large tracts of 
grassland still exist on larger ranches and on preserved land (Prairie Pothole Joint Venture 
2005). BCR 11 covers portions of Montana, North Dakota, South Dakota, Minnesota, 
Nebraska, Iowa, Alberta, Saskatchewan, and Manitoba. 
 
This was the seventh year we implemented IMBCR within BCR 11. IBO conducted surveys 
within the Montana portion of BCR 11 and Bird Conservancy conducted surveys in NPS 
lands in Nebraska and South Dakota. The effort in BCR 11 comprised eight strata covering 
83,906 km². 

 

BCR 16: Southern Rockies and Colorado Plateau 
The Southern Rockies and Colorado Plateau Bird Conservation Region is a diverse area 
ranging from the southern Rocky Mountains in the east to the Wasatch and Uinta mountains 
in the west. In the center of the region are the tablelands of the Colorado Plateau. Within 
this region, vegetation types transition from shrub steppe; pinyon-juniper; montane 
shrubland; mixed conifer and aspen; and alpine tundra with increasing elevation (Parrish et 
al. 2002). BCR 16 is centered on the Four Corners Region and consists mainly of Colorado, 
Utah, New Mexico, and Arizona, with portions extending into southern Wyoming and Idaho.  
 
This was the ninth year we implemented IMBCR within BCR 16. Bird Conservancy and 
WYNDD conducted surveys across the Colorado and Wyoming portions of BCR 16, as well 
as the BCR16 portion of Kaibab and Coconino National Forests in Arizona; Bird 
Conservancy and IBO conducted surveys in the Caribou-Targhee National Forest in Idaho 
and Utah, Ashley National Forest in Utah, and Manti-La Sal National Forest in Utah; and 
UDWR conducted surveys in private lands in Utah. This area comprises 31 strata covering 
225,801 km². 

 

BCR 17: Badlands and Prairies 
The Badlands and Prairies Bird Conservation Region is characterized by rolling plains and 
mixed-grass prairie that contain large, continuous tracts of intact dry grassland managed 
predominately as ranchland (US North American Bird Conservation Initiative 2000). The 
Black Hills and western portions of BCR 17 contain pine and spruce forests at higher 
elevations. BCR 17 covers portions of five states: Montana, North Dakota, South Dakota, 
Wyoming, and Nebraska.  
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This was the eighth year we implemented IMBCR within BCR 17. IBO, Bird Conservancy, 
and WYNDD conducted surveys throughout the entire BCR comprising 37 strata covering 
364,010 km². 
 

BCR 18: Shortgrass Prairie 
The Shortgrass Prairie Bird Conservation Region is characterized by unique shortgrass 
prairie. What was once contiguous prairie is now fragmented by agriculture and the remnant 
grasslands are now exposed to new grazing regimes (Playa Lakes Joint Venture Landbird 
Team 2007). Numerous playa lakes dot the region and wetlands occur along major river 
corridors that drain the Rocky Mountains. Because of a change in the hydrology of these 
rivers, more shrubs and trees have encroached upon the wetlands (US North American Bird 
Conservation Initiative 2000). BCR 18 stretches north-south in the rain shadow of the Rocky 
Mountains and covers portions of Colorado, Kansas, Nebraska, New Mexico, Oklahoma, 
South Dakota, Texas, and Wyoming. 
 
This was the ninth year we implemented IMBCR within BCR 18. In BCR 18, Bird 
Conservancy conducted surveys throughout Colorado, Kansas, Nebraska, New Mexico, 
Oklahoma, Texas, and Wyoming. The only portion of BCR 18 not surveyed in 2016 was the 
small area within South Dakota. The effort in BCR 18 comprised 37 strata covering 381,286 
km². 
 

BCR 19: Central Mixed-grass Prairie 
The Central Mixed-grass Prairie Bird Conservation Region lies between shortgrass prairie to 
the west and tallgrass prairie to the east (US North American Bird Conservation Initiative 
2000). This region consists of a mixture of shortgrass and tallgrass prairie habitats, with 
some native and hand-planted Ponderosa Pine forests in northwestern Nebraska. BCR 19 
runs north-south from the southern border of South Dakota through Nebraska, Kansas, 
Oklahoma, and north-central Texas. 
 
This was the sixth year we implemented IMBCR within BCR 19. In BCR 19, Bird 
Conservancy conducted surveys throughout Kansas, Oklahoma, and Texas; and within 
USFS lands in BCR 19 in Nebraska. The effort in BCR 19 comprised 11 strata covering 
274,583 km². 
 

BCR 33: Sonoran and Mohave Deserts 
The Sonoran and Mohave Deserts Bird Conservation Region is an arid region known for 
creosote, cacti, and other desert shrubs (US North American Bird Conservation Initiative 
2000). This BCR covers southeastern California, southern Nevada, southwestern Utah, 
southwestern Arizona, and extends south into Mexico.  
 
This was the third year IMBCR was implemented within BCR 33. Previously Bird 
Conservancy conducted surveys in two strata in Tonto National Forest in 2012 and 2013. In 
2016, we surveyed in one All Other Lands stratum in Utah covering an area of 65 km2. 
 

BCR 34: Sierra Madre Occidental 
The Sierra Madre Occidental Bird Conservation Region contains rugged, high-elevation 
mountains supporting oak-pine, pine and fir forests, and semi-desert shrubland. BCR 34 
stretches from the northwest to the southeast covering portions of New Mexico, Arizona, 
and Mexico.  
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This was the eighth year we implemented IMBCR within BCR 34. Bird Conservancy 
conducted surveys in Coconino and Kaibab National Forests within BCR 34, comprising 
three strata covering 13,927 km². 

 

Sampling Design 
Sampling Frame and Stratification 
A key component of the IMBCR design is the ability to infer across spatial scales, from small 
management units, such as individual national forests or BLM field offices, to entire states 
and BCRs. This is accomplished through hierarchical (nested) stratification, which allows 
data from smaller-order strata to be combined to make inferences about higher-order strata. 
For example, data from each individual national forest stratum in USFS Region 2 are 
combined to produce Region-wide avian population estimates; data from each individual 
stratum in Montana are combined to produce statewide estimates; data from each individual 
stratum in BCR 17 are combined to produce BCR-wide estimates.  
 
We defined strata based on areas to which IMBCR partners wanted to make inferences. We 
defined the largest scale strata by the intersection of state and BCR boundaries (e.g., 
Wyoming BCR 10). We based the smaller-order strata within BCRs on fixed attributes such 
as land ownership boundaries, elevation zones, major river systems and 
wilderness/roadless designations.  

 

Sampling Units 
The IMBCR design defined sampling units as 1 km² cells, each containing 16 evenly-spaced 
sample points, 250 meters apart (Figure 3). We define potential sampling units by 
superimposing a uniform grid of cells over each state in the study area, then we assign each 
cell to a stratum using ArcGIS version 10.X and higher (Environmental Systems Research 
Institute 2006).  
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Figure 3. Example 1 km² sampling unit using the IMBCR design. 

 

Sample Selection 
Within each stratum, the IMBCR design used generalized random-tessellation stratification 
(GRTS), a spatially-balanced sampling algorithm, to select sample units (Stevens and Olsen 
2004). The GRTS design has several appealing properties with respect to long-term 
monitoring of birds at large spatial scales: 
 

¶ Spatially-balanced sampling is generally more efficient than simple random sampling 
of natural resources (Stevens and Olsen 2004). Incorporating information about 
spatial autocorrelation in the data can increase precision in density estimates; 

 

¶ All sample units in the sampling frame are ordered, such that any set of 
consecutively numbered units is a spatially well-balanced sample (Stevens and 
Olsen 2004). In the case of fluctuating budgets, IMBCR partners can adjust the 
sampling effort among years within each stratum while still preserving a random, 
spatially-balanced sampling design. 

 
A minimum of two sampling units were required within each stratum to estimate the 
variances of population parameters. The remaining allocation of sampling effort among 
strata was based on the priorities of the funding partners. 

 

Sampling Methods 
IMBCR surveyors (also referred to as field technician, technician or observer in this report), with 
excellent aural and visual bird-identification skills, conducted field work in 2016. Prior to 
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conducting surveys, technicians completed an intensive training program to ensure full 
understanding of the field protocol; review bird and plant identification; and practice distance 
estimation in a variety of habitats. Many field technicians attended a second, shorter mid-
season training to review protocol and practice bird and plant identification at high-elevation 
sites that were inaccessible earlier in the season. 
 
Field technicians conducted point counts (Buckland et al. 2001) following protocols established 
by IMBCR partners (Hanni et al. 2014, Hanni et al. 2015). Observers conducted surveys in the 
morning, beginning one-half hour before sunrise and concluding no later than five hours after 
sunrise. Technicians recorded the start time for every point count conducted. For every bird 
detected during the six-minute period, observers recorded species; sex; horizontal distance 
from the observer; minute; type of detection (e.g., call, song, visual); whether the bird was 
thought to be a migrant; and whether or not the observer was able to visually identify each 
record. 
 
Observers measured distances to each bird using laser rangefinders, when possible. When it 
was not possible to measure the distance to a bird, observers estimated the distance by 
measuring to some object near the bird using a laser rangefinder. In addition to recording all 
bird species detected in the area during point counts, observers recorded birds flying over but 
not using the immediate surrounding landscape. Observers also recorded Abertôs squirrel 
(Sciurus aberti), American red squirrels (Tamiasciurus hudsonicus), and American pika 
(Ochotona princeps). While observers traveled between points within a sampling unit, they 
recorded the presence of any species not recorded during a point count. The opportunistic 
detections of these species are used for distribution mapping purposes only. 
 
Technicians considered all non-independent detections of birds (i.e., flocks or pairs of 
conspecific birds together in close proximity) as part of a ñclusterò rather than as independent 
observations. Observers recorded the number of birds detected within each cluster along with a 
letter code to distinguish between multiple clusters. 
 
At the start and end of each survey, observers recorded time, ambient temperature, cloud 
cover, precipitation, and wind speed. Technicians navigated to each point using hand-held 
Global Positioning System units. Before beginning each six-minute count, surveyors recorded 
vegetation data within a 50 m radius of the point via ocular estimation. Vegetation data included 
the dominant habitat type and relative abundance; percent cover and mean height of trees and 
shrubs by species; as well as grass height and ground cover types. Technicians recorded 
vegetation data quietly to allow birds time to return to their normal habits prior to beginning each 
count. 
 
For more detailed information about survey methods and vegetation data collection protocols, 
refer to Bird Conservancyôs Field Protocol for Spatially Balanced Sampling of Landbird 
Populations on our Avian Data Center website at http://rmbo/v3/avian/DataCollection.aspx. 
There you will find links to past and current protocols and data sheets. 
 

Limitations 
The primary limitation in estimating avian population parameters using the IMBCR approach is 
sample size within strata. A minimum number of two samples per stratum is necessary to 
estimate regional density and occupancy. However, reliable stratum-level occupancy estimates 
require larger samples sizes, with a minimum of approximately 10 samples per stratum. 
Furthermore, additional samples may be required for strata comprising large geographic areas. 

http://rmbo/v3/avian/DataCollection.aspx
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Because we estimate regional density and occupancy using an area weighted mean, adding 
more samples to a particular stratum does not bias the overall estimate it simply increases the 
precision. 
 

Protocol Changes Over Time 
The original protocol implemented in 2008 has changed and evolved over time to better 
facilitate analysis and meet partner needs. In 2009, technicians began recording the primary 
habitat type at each sample point from a list of habitat options. We added categorical habitat 
options to facilitate data proofing, to incorporate habitat in analysis and to link the IMBCR data 
and results with the older habitat-based monitoring program. Technicians also began recording 
the presence of water and snow within 50 m of each point as a type of ground cover. 
 
Beginning in 2010, the point count duration was increased from five minutes to six minutes to 
facilitate occupancy estimation, which is easier to analyze using equal time intervals (in this 
case, two minutes each). Technicians began recording juvenile birds detected during point 
counts. Observers placed a ñJò in the sex column for these detections. Previously, juvenile birds 
were not recorded because this study focuses on recording breeding birds. Juvenile bird 
detections are used for distribution mapping purposes only and are not factored into data 
analysis. A minute column was added to the bird datasheet so technicians could record the 
actual minute of each bird detection during a point count. Previously, technicians used tick 
marks to separate minute intervals. We added a ñvisualò checkbox to the bird datasheet for 
technicians to check if they visually observed and identified any of the species recorded. This 
reminds technicians that they need to look for birds in addition to listening for them and helps 
crew leaders make decisions regarding unusual or rare bird detections while proofing data. We 
provided technicians with an additional datasheet to record the reasons points were not 
surveyed (e.g., weather issues, unsafe terrain, denied permission by landowner, etc.). This 
sheet also provided space to record additional landowner information as needed. Lastly, 
technicians began recording horizontal distance to each flyover detection. In the past, we did 
not record distances because we do not use flyover detections in analysis. However, 
technicians sometimes incorrectly distinguish flyovers from birds using the surrounding habitat 
while foraging on the wing (e.g., swallows, swifts, and raptors). Therefore, if we find an 
incorrectly recorded flyover, we can still use the detection data in analysis. 
 
In 2012, technicians began recording the start time for every point count conducted so we could 
use temporal information as a variable in analyses. Start times for the entire transect and for 
individual points were all recorded in Mountain Daylight Time for consistency across the region. 
Prior to 2012, technicians were allowed to conduct point counts until 11:00 AM local time each 
day. In order to account for variability across study areas from Arizona to Montana, crew leaders 
instructed technicians to survey no later than five hours after sunrise in 2012. Technicians also 
began noting migrant detections on surveys. After the field season, we thoroughly review the 
migrant records; if those records are verified, they are not included in analysis. Previously, crew 
leaders instructed technicians to record a bird as a male if 1) it was a singing warbler or 
sparrow, or 2) it was singing repeatedly and emphatically. In 2012, we instructed technicians to 
only identify the sex of a visually observed bird of a sexually dimorphic species. We instructed 
technicians to record subspecies only if they visually identified a bird as such. In the past, we 
used geographic range to assume a bird was of a particular subspecies. Up until the 2012 field 
season, we provided technicians with a list of rare or difficult to detect species to record while 
traveling between points within a sampling unit. In 2012, in order to simplify the protocol and 
collect more useful information, we eliminated the list and technicians recorded any species 
they came across while traveling between points they had not documented during a point count. 
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That way all species encountered within the sampling unit would be documented for distribution 
mapping purposes. 
 
Also in 2012, several changes were made to the vegetation datasheet. First, we removed 
distance to the nearest road, forest structural stage and human structures from the data sheet. 
We no longer collect these types of data in the field because they can be obtained through 
remote sensing. Second, we modified the datasheet to simply record whether a mid-story was 
present. In the past, if mid-story vegetation was present, technicians would record the species 
found in that layer. Data analysis found mid-story vegetation data to be extremely variable from 
year to year. Third, we added a ground cover category for residual grass. Finally, we limited 
acceptable overstory, understory, and ground cover relative abundance values to 1%, 5%, or 
increments of 10%. In the past, technicians estimated cover to the nearest percent for all 
categories where percent cover or relative abundance was recorded. We made the change to 
improve the consistency of cover and relative abundance estimates and to decrease the amount 
of time technicians spend estimating these values. 
 
In 2012, crew leaders provided technicians with two additional data sheets to facilitate working 
on private lands. The first contained specific information about the land ownership of each point 
located within a given sampling unit. In cases where a point fell on private property, the data 
sheet contained the name, contact information and any pertinent notes about the landowner. 
The second data sheet was a contact log where technicians recorded all contacts or attempted 
contacts they had with landowners. This information was later entered into the landowner 
database when the technician had internet access. 
 
In 2015, we began recording American pika, similarly to the way we record Abertôs and 
American red squirrels. Other than this addition, there have been no protocol changes since 
2012. 
 

Data Analysis 
Distance Analysis 
Distance sampling theory was developed to account for the decreasing probability of 
detecting an object of interest (e.g., a bird) with increasing distance from the observer to the 
object (Buckland et al. 2001). The detection probability is used to adjust the count of birds to 
account for birds that were present but undetected. Application of distance theory requires 
that five critical assumptions be met: 1) all birds at and near the sampling location (distance 
= 0) are detected; 2) distances to birds are measured accurately; 3) birds do not move in 
response to the observerôs presence (Buckland et al. 2001, Thomas et al. 2010); 4) cluster 
sizes are recorded without error; and 5) the sampling units are representative of the entire 
survey region (Buckland et al. 2008). 
 
Analysis of distance data includes fitting a detection function to the distribution of recorded 
distances (Buckland et al. 2001). The distribution of distances can be a function of 
characteristics of the object (e.g., for birds, size and color, movement, volume of song or call 
and frequency of call), the surrounding environment (e.g., density of vegetation) and 
observer ability. Because detectability varies among species, we analyzed these data 
separately for each species. The development of robust density estimates typically requires 
80 or more independent detections (n Ó 80) within the entire sampling area. We excluded 
birds flying over, but not using the immediate surrounding landscape, birds detected while 
migrating (not breeding), juvenile birds and birds detected between points from analyses.  
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We estimated density for each species using a sequential framework where 1) year specific 
detection functions were applied to species with greater than or equal to 80 detections per 
year (n Ó 80), 2) global detection functions were applied to species with less than 80 
detections per year (n < 80) and greater than or equal to 80 detections over the life of the 
project (n Ó 80) and 3) remedial measures were used for species with moderate departures 
from the assumptions of distance sampling (Buckland et al. 2001). 
 
Beginning in 2015, we streamlined the analysis by fitting models with no series expansions 
to all species using the recommended 10% truncation for point transects. For the year 
specific detection functions, we fit Conventional Distance Sampling models using the half-
normal and hazard-rate key functions with no series expansions (Thomas et al. 2010). For 
the global detection functions, in addition to the above models, we fit Multiple-Covariate 
Distance Sampling models using half-normal and hazard-rate key function models with a 
categorical year covariate and no series expansions (Thomas et al. 2010). We selected the 
most parsimonious detection function for each species using Akaikeôs Information Criterion 
adjusted for sample size (AICc) (Burnham and Anderson 2002, Thomas et al. 2010) and 
considered the most parsimonious model as the estimation model. We estimated population 

size (N) for each stratum as N= D*A, where D was the estimated population density and A 
was the number of 1 km² sampling units in each stratum. We calculated Satterthwaite 90% 
Confidence Intervals (CI) for the estimates of density and population size for each stratum 
(Buckland et al. 2001). In addition, we combined the stratum-level density estimates at 
various spatial scales, such as management entity, State and BCR, using an area-weighted 
mean. For the combined density estimates, we estimated the variance for detection and 
cluster size using the delta method (Powell 2007, Thomas et al. 2010) and the variance for 
the encounter rate using the design-based estimator of Fewster et al. (2009). 
 
We reviewed the highest ranking detection function for each species to check the shape 
criteria, evaluate the fit of the model and identify species with moderate departure from the 
assumptions of distance sampling (Buckland et al. 2001). First, we checked the shape 
criteria of the histogram to make sure the detection data exhibited a ñshoulderò that fell away 
at increasing distances from the point. Second, we evaluated the fit of the model using the 
Kolmogorov-Smirnov goodness-of-fit test. Finally, we visually inspected the detection 
histograms to identify species that demonstrated evasive movement and/ or measurement 
errors. We looked for a type of measurement error involving the heaping of detections at 
certain distances that occurs when observers round detection distances. We also looked for 
histograms with detections that were highly skewed to the right, which may indicate a 
pattern of evasive movement (Buckland et al. 2001). 
 
For species with moderate departures from the assumptions and shape criteria, we used 
two sequential remedial measures. First, we truncated the data to the point where detection 
probability was approximately 0.1 [g(w) ~ 0.1] and included key functions with second order 
cosine series-expansion terms in the candidate set of models (Buckland et al. 2001). We did 
not include detection function models with a single cosine expansion term because the half-
normal and hazard-rate models require the order of the terms are > 1 (Buckland et al. 2001). 
Second, when the goodness-of-fit test and/ or inspection of the detection histogram 
continued to suggest evasive movement and/or measurement errors, we grouped the 
distance data into four to eight bins and applied custom truncation and second order 
expansion terms. These remedial measures can ameliorate problems associated with 
moderate levels of evasive movement and/ or distance measurement errors (Buckland et al. 
2001). 
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Occupancy Analysis 
Occupancy estimation is most commonly used to quantify the proportion of sample units 
(i.e., 1 km² cells) occupied by an organism (MacKenzie et al. 2002). The application of 
occupancy modeling requires multiple surveys of the sample unit in space or time to 
estimate a detection probability (MacKenzie et al. 2006). The detection probability adjusts 
the proportion of sites occupied to account for species that were present but undetected 
(MacKenzie et al. 2002). We used a removal design (MacKenzie et al. 2006), to estimate a 
detection probability for each species, in which we binned minutes one and two, minutes 
three and four and minutes five and six to meet the assumption of a monotonic decline in 
the detection rates through time. After the target species was detected at a point, we set all 
subsequent sampling intervals at that point to ñmissing dataò (MacKenzie et al. 2006).  
 
The 16 points in each sampling unit served as spatial replicates for estimating the proportion 
of points occupied within the sampled sampling units. We used a multi-scale occupancy 
model to estimate 1) the probability of detecting a species given presence (p), 2) the 
proportion of points occupied by a species given presence within sampled sampling units (ɗ, 
Theta) and 3) the proportion of sampling units occupied by a species (ɣ, Psi).  
 
We truncated the data, using only detections less than 125 m from the sample points. 
Truncating the data at less than 125 m allowed us to use bird detections over a consistent 
plot size and ensured that the points were independent (points were spread 250 m apart), 
which in turn allowed us to estimate Theta (the proportion of points occupied within each 
sampling unit) (Pavlacky et al. 2012) 
 
We expected regional differences in the behavior, habitat use, and local abundance of 
species would correspond to regional variation in detection and the fraction of occupied 
points. Therefore, we estimated the proportion of sampling units occupied (Psi) for each 
stratum by evaluating four models with different structure for detection (p) and the proportion 
of points occupied (Theta). Within these models, p and Theta were held constant across the 
BCRs and/or allowed to vary by BCR. Models are defined as follows: 
 

Model 1: Held p and Theta constant; 
Model 2: Held p constant, but allowed Theta to vary across BCRs; 
Model 3: Allowed p to vary across BCRs, but held Theta constant; and 
Model 4: Allowed both p and Theta to vary across BCRs. 

 
We ran model 1 for species with less than 10 point detections in each BCR or less than 10 
point detections in all but one BCR. We ran models 1 through 4 for species with greater than 
10 point detections in more than one BCR. For the purpose of estimating regional variation 
in detection (p) and availability (Theta), we pooled data for BCRs with fewer than 10 point 
detections into adjacent BCRs with sufficient numbers of detections. We used model 
selection and AIC corrected for small sample size (AICc) to weight models from which 
estimates of Psi were derived for each species (Burnham and Anderson 2002). We model 
averaged the estimates of Psi from models 1 through 4 and calculated unconditional 
standard errors and 90% CIs (Burnham and Anderson 2002).  We combined stratum-level 
estimates of Psi using an area-weighted mean. The variances and standard errors for the 
combined estimates of Psi were estimated using the delta method (Powell 2007).   
 
Our application of the multi-scale model was analogous to a within-season robust design 
(Pollock 1982) where the two-minute intervals at each point were the secondary samples for 
estimating p and the points were the primary samples for estimating Theta (Nichols et al. 
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2008, Pavlacky et al. 2012). We considered both p and Theta to be nuisance variables that 
were important for generating unbiased estimates of Psi. Theta can be considered an 
availability parameter or the probability a species was present and available for sampling at 
the points (Nichols et al. 2008, Pavlacky et al. 2012).  

 

Automated Analysis 
We estimated population density using point transect distance sampling and site occupancy 
using the multi-scale occupancy model within a modified version of the RIMBCR package (R 
Core Team 2014; Paul Lukacs, University of Montana, Missoula). The RIMBCR package 
streamlined the analyses by calling the raw data from the IMBCR Structured Query 
Language (SQL) server database and incorporated the R code created in previous years. 
We allowed the input of all data collected in a manner consistent with the IMBCR design to 
increase the number of detections available for estimating global detection rates for 
population density and site occupancy. The RIMBCR package used package mrds (Thomas 
et al. 2010, R Core Team 2014) to fit the point transect distance sampling model, and 
program MARK (White and Burnham 1999) and package RMark (Laake 2013, R Core Team 
2014) to fit the multi-scale occupancy model. The RIMBCR package provided an automated 
framework for combining strata-level estimates of population density and site occupancy at 
multiple spatial scales, as well as approximating the standard errors and CIs for the 
combined estimates. 
 
In October 2014, we revised the RIMBCR distance sampling code to accommodate updates 
to package mrds 2.18. However, because we were unable to troubleshoot the complex 
structure of the RIMBCR code, we completely rewrote the distance sampling code between 
October 2014 and April 2015. The updated distance sampling code retained the ñroll-upò 
code for combining the strata-level estimates from the previous version of RIMBCR. In 
March 2015, we discovered a delta method (Powell 2007) error in the RIMBCR ñroll-upò 
code (Powell 2007). We estimated the proportion of sampling units occupied (Psi) for all 
species that estimates the standard errors and CIs for the combined occupancy estimates. 
In April 2015, we revised RIMBCR to fix the error, but we were unable to troubleshoot the 
complex structure of the RIMBCR code. We plan to rewrite the RIMBCR occupancy code in 
way that allows testing, but in the meantime, we developed an R ñroll-upò patch that 
correctly estimates the standard errors and CIs for the combined occupancy estimates. We 
reran the ñroll-upò patch for 2012-2014 to retroactively correct the standard errors and CIs 
for the previous combined (superstrata) occupancy estimates. We currently maintain version 
control of the automated analysis code in the Bird Conservancy repository (Atlassian Stash, 
version 3.6.1). 

  



Integrated Monitoring in Bird Conservation Regions: 2016 Annual Report 

Bird Conservancy of the Rockies 
Conserving birds and their habitats 20 

Results 

In 2016, field technicians completed 1,551 of 1,590 (97.5%) planned surveys throughout all or 
portions of BCRs 9, 10, 11, 16, 17, 18, 19, 33 and 34 using the IMBCR design (Table 1, Figure 
2). Reasons surveys were not completed are summarized in Table 2. Technicians conducted 
17,697 point counts within the 1,551 surveyed sampling units between 26 April and 19 July 
2016. They detected 235,784 individual birds representing 335 species. 
 
Please note that not every stratum or superstratum is summarized in this report. We include 
details of specific strata or superstrata for which our partners are most interested. Results from 
all strata and all biologically meaningful superstrata can be found on the Rocky Mountain Avian 
Data Center (http://rmbo.org/v3/avian/ExploretheData.aspx).This online database contains 
interactive maps showing survey and detection locations, as well as species counts and density, 
population and occupancy results using the IMBCR study design. Instructions for using the 
Avian Data Center are included in Appendix A of this report and are available on the Avian Data 
Center itself. Each stratum or superstratum presented in the Results section contains a web link 
that leads directly to the Avian Data Center with the appropriate queries already populated.  
 
Unless otherwise specified, all bird species names listed in this report are from the American 
Ornithologistsô Union Check-list of North and Middle American Birds, seventh edition (2007). 
 

http://rmbo.org/v3/avian/ExploretheData.aspx
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Table 1. Planned and completed surveys, by stratum, 2016. BCR = Bird Conservancy of the Rockies; DoD = Department of Defense; IBO = 
Intermountain Bird Observatory; UDWR = Utah Division of Wildlife Resources; WYNDD = Wyoming Natural Diversity Database. 

State BCR Stratum Stratum Definitions Collected By Area (km2) Planned Completed % Completed 

AZ 16/34 AZ-BCR34-CF Coconino National Forest BCR 7,426 40 40 100.0% 

AZ 16/34 AZ-KAIBAB-KH Kaibab National Forest - High Elevation BCR 4,319 30 30 100.0% 

AZ 16/34 AZ-KAIBAB-KL Kaibab National Forest - Low Elevation BCR 2,182 15 15 100.0% 

    Subtotal 13,927 85 85 100.0% 

CO 10 CO-BCR10-AO All Other Lands BCR 5,060 5 5 100.0% 

CO 10 CO-BCR10-BL Bureau of Land Management BCR 4,288 8 8 100.0% 

    Subtotal 9,348 13 13 100.0% 

CO 16 CO-BCR16-AO All Other Lands BCR 51,214 20 20 100.0% 

CO 16 CO-BCR16-BL Bureau of Land Management BCR 27,825 25 25 100.0% 

CO 16 CO-BCR16-GM Grand Mesa; Uncompahgre and Gunnison National Forests BCR 13,630 7 7 100.0% 

CO 16 CO-BCR16-MA Manti-La Sal National Forest BCR 131 2 2 100.0% 

CO 16 CO-BCR16-NC National Park Service - Northern Colorado Plateau Network BCR 807 2 2 100.0% 

CO 16 CO-BCR16-PC Pike-San Isabel National Forest Control BCR 1,300 30 30 100.0% 

CO 16 CO-BCR16-PO Pike-San Isabel National Forest All Other BCR 9,650 5 5 100.0% 

CO 16 CO-BCR16-RA Rio Grande National Forest - High Elevation BCR 866 8 8 100.0% 

CO 16 CO-BCR16-RC Arapaho-Roosevelt National Forest Control BCR 780 30 30 100.0% 

CO 16 CO-BCR16-RM National Park Service - Rocky Mountain Network BCR 1,644 2 2 100.0% 

CO 16 CO-BCR16-RO Routt National Forest BCR 5,734 15 15 100.0% 

CO 16 CO-BCR16-RP Rio Grande National Forest - Middle Elevation BCR 5,410 8 8 100.0% 

CO 16 CO-BCR16-RS Rio Grande National Forest - Low Elevation BCR 1,896 8 8 100.0% 

CO 16 CO-BCR16-SA San Juan National Forest BCR 8,794 7 7 100.0% 

CO 16 CO-BCR16-SC National Park Service - Southern Colorado Plateau Network BCR 214 2 2 100.0% 

CO 16 CO-BCR16-VO Arapaho-Roosevelt National Forest All Other BCR 6,152 5 5 100.0% 

CO 16 CO-BCR16-WA White River National Forest - High Elevation BCR 2,138 6 6 100.0% 

CO 16 CO-BCR16-WF USFS - Williams Fork Management Unit BCR 551 7 7 100.0% 

CO 16 CO-BCR16-WP White River National Forest - Middle Elevation BCR 5,443 6 6 100.0% 

CO 16 CO-BCR16-WS White River National Forest - Low Elevation BCR 2,786 6 6 100.0% 

    Subtotal 146,965 201 201 100.0% 

CO 18 CO-BCR18-AR Arkansas River and Tributaries BCR 1,127 8 8 100.0% 
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State BCR Stratum Stratum Definitions Collected By Area (km2) Planned Completed % Completed 

CO 18 CO-BCR18-CO Comanche National Grassland BCR 4,836 8 8 100.0% 

CO 18 CO-BCR18-DO Department of Defense - All Other Lands BCR 1,647 2 2 100.0% 

CO 18 CO-BCR18-IA Area between I-70 and the Arkansas River BCR 34,755 8 8 100.0% 

CO 18 CO-BCR18-NP Area North of the Platte River BCR 11,457 8 8 100.0% 

CO 18 CO-BCR18-PC Pawnee National Grassland - Private Lands BCR 2,458 2 2 100.0% 

CO 18 CO-BCR18-PG Pawnee National Grassland - Public Lands BCR 810 5 5 100.0% 

CO 18 CO-BCR18-PI Area between the Platte River and I-70 BCR 30,365 8 8 100.0% 

CO 18 CO-BCR18-PT Platte River and Tributaries BCR 970 8 8 100.0% 

CO 18 CO-BCR18-SA Area South of the Arkansas River BCR 24,985 8 8 100.0% 

    Subtotal 113,410 65 65 100.0% 

ID 9 ID-BCR9-BR BLM Bruneau Field Office IBO 5,975 7 7 100.0% 

ID 9 ID-BCR9-BU BLM Burley Field Office IBO 3,269 7 7 100.0% 

ID 9 ID-BCR9-CT Caribou-Targhee National Forest BCR 1,940 3 3 100.0% 

ID 9 ID-BCR9-FR BLM Four Rivers Field Office IBO 3,616 6 6 100.0% 

ID 9 ID-BCR9-JA BLM Jarbidge Field Office IBO 5,497 7 7 100.0% 

ID 9 ID-BCR9-OW BLM Owyhee Field Office IBO 5,010 7 7 100.0% 

ID 9 ID-BCR9-SH BLM Shoshone Field Office IBO 5,301 19 19 100.0% 

    Subtotal 30,608 56 56 100.0% 

ID 10 ID-BCR10-BI Bitterroot National Forest IBO 1,916 2 2 100.0% 

ID 10 ID-BCR10-BO Boise National Forest IBO 8,778 4 4 100.0% 

ID 10 ID-BCR10-CL Clearwater National Forest - Roaded/Managed IBO 1,946 16 16 100.0% 

ID 10 ID-BCR10-CR Clearwater National Forest - Roadless/Wilderness IBO 5,036 6 6 100.0% 

ID 10 ID-BCR10-CT Caribou-Targhee National Forest BCR 7,752 8 8 100.0% 

ID 10 ID-BCR10-FR BLM Four Rivers Field Office IBO 1,269 2 2 100.0% 

ID 10 ID-BCR10-IP Idaho Panhandle National Forest - Roaded/Managed IBO 8,660 26 26 100.0% 

ID 10 ID-BCR10-IR Idaho Panhandle National Forest - Roadless/Wilderness IBO 3,155 7 7 100.0% 

ID 10 ID-BCR10-KO Kootenai National Forest IBO 169 2 2 100.0% 

ID 10 ID-BCR10-NP Nez Perce National Forest - Roaded/Managed IBO 2,864 16 16 100.0% 

ID 10 ID-BCR10-NR Nez Perce National Forest - Roadless/Wilderness IBO 6,370 6 6 100.0% 

ID 10 ID-BCR10-PA Payette National Forest IBO 9,857 4 4 100.0% 

ID 10 ID-BCR10-SA Salmon-Challis National Forest IBO 13,563 4 4 100.0% 
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State BCR Stratum Stratum Definitions Collected By Area (km2) Planned Completed % Completed 

ID 10 ID-BCR10-SH BLM Shoshone Field Office IBO 507 2 2 100.0% 

ID 10 ID-BCR10-SW Sawtooth National Forest IBO 6,302 4 4 100.0% 

    Subtotal 78,144 109 109 100.0% 

ID 16 ID-BCR16-CT Caribou-Targhee National Forest BCR 909 2 2 100.0% 

         

KS 18 KS-BCR18-AO Kansas BCR 18 All Other Lands BCR 34,794 8 8 100.0% 

KS 18 KS-BCR18-CM Cimarron National Grassland BCR 430 3 3 100.0% 

KS 18 KS-BCR18-PL Kansas BCR 18 Playas BCR 370 2 2 100.0% 

KS 18 KS-BCR18-RV Kansas BCR 18 Rivers BCR 1,409 2 2 100.0% 

    Subtotal 37,003 15 15 100.0% 

KS 19 KS-BCR19-AO Kansas BCR 19 All Other Lands BCR 98,649 8 8 100.0% 

KS 19 KS-BCR19-PL Kansas BCR 19 Playas BCR 176 2 2 100.0% 

KS 19 KS-BCR19-RV Kansas BCR 19 Rivers BCR 10,523 2 2 100.0% 

    Subtotal 109,348 12 12 100.0% 

MT 10 MT-BCR10-BE Beaverhead-Deerlodge National Forest - Roaded/Managed IBO 7,697 10 10 100.0% 

MT 10 MT-BCR10-BI Bitterroot National Forest - Roaded/Managed IBO 2,324 10 10 100.0% 

MT 10 MT-BCR10-BM Bureau of Land Management - Missoula/Butte IBO 1,356 2 2 100.0% 

MT 10 MT-BCR10-BR Beaverhead-Deerlodge National Forest - Roadless/Wilderness IBO 8,236 3 3 100.0% 

MT 10 MT-BCR10-BS Bureau of Land Management - southwestern Montana IBO 3,447 2 2 100.0% 

MT 10 MT-BCR10-BW Bitterroot National Forest - Roadless/Wilderness IBO 2,763 3 3 100.0% 

MT 10 MT-BCR10-CR Custer National Forest - Roadless/Wilderness IBO 1,783 3 3 100.0% 

MT 10 MT-BCR10-CU Custer National Forest - Roaded/Managed IBO 779 3 3 100.0% 

MT 10 MT-BCR10-FL Flathead National Forest - Roaded/Managed IBO 4,945 10 10 100.0% 

MT 10 MT-BCR10-FR Flathead National Forest - Roadless/Wilderness IBO 6,410 3 3 100.0% 

MT 10 MT-BCR10-GA Gallatin National Forest - Roaded/Managed IBO 3,479 10 10 100.0% 

MT 10 MT-BCR10-GR Gallatin National Forest - Roadless/Wilderness IBO 5,787 3 3 100.0% 

MT 10 MT-BCR10-HE Helena National Forest - Roaded/Managed IBO 3,024 10 10 100.0% 

MT 10 MT-BCR10-HR Helena National Forest - Roadless/Wilderness IBO 2,248 3 3 100.0% 

MT 10 MT-BCR10-KO Kootenai National Forest - Roaded/Managed IBO 7,239 26 26 100.0% 

MT 10 MT-BCR10-KR Kootenai National Forest - Roadless/Wilderness IBO 1,887 7 7 100.0% 

MT 10 MT-BCR10-LC Lewis and Clark National Forest - Roaded/Managed IBO 2,778 5 5 100.0% 
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State BCR Stratum Stratum Definitions Collected By Area (km2) Planned Completed % Completed 

MT 10 MT-BCR10-LO Lolo National Forest - Roaded/Managed IBO 7,742 10 10 100.0% 

MT 10 MT-BCR10-LR Lewis and Clark National Forest - Roadless/Wilderness IBO 5,007 3 3 100.0% 

MT 10 MT-BCR10-LW Lolo National Forest - Roadless/Wilderness IBO 3,859 3 3 100.0% 

    Subtotal 82,790 129 129 100.0% 

MT 11 MT-BCR11-AO All Other Lands BCR 62,631 2 2 100.0% 

MT 11 MT-BCR11-BN Bureau of Land Management - North Valley IBO 1,588 9 8 88.9% 

MT 11 MT-BCR11-BO Bureau of Land Management - Other IBO 6,826 9 9 100.0% 

MT 11 MT-BCR11-CM Charles M. Russell National Wildlife Refuge BCR 93 2 2 100.0% 

MT 11 MT-BCR11-FO All other USFWS lands BCR 448 2 2 100.0% 

MT 11 MT-BCR11-TR Rocky Boys; Fort Peck; Fort Belknap and Blackfeet Reservations BCR 11,829 2 2 100.0% 

    Subtotal 83,415 26 25 96.2% 

MT 17 MT-BCR17-AO All Other Lands IBO 102,779 16 16 100.0% 

MT 17 MT-BCR17-BL Bureau of Land Management IBO 25,013 9 9 100.0% 

MT 17 MT-BCR17-CM Charles M. Russell National Wildlife Refuge IBO 3,709 2 2 100.0% 

MT 17 MT-BCR17-CU Custer National Forest IBO 2,649 6 6 100.0% 

MT 17 MT-BCR17-FO All other USFWS lands IBO 326 2 2 100.0% 

MT 17 MT-BCR17-LC Lewis and Clark National Forest IBO 867 3 3 100.0% 

MT 17 MT-BCR17-RI Rivers - Yellowstone; Tongue; Musselshell; and Missouri IBO 4,575 2 2 100.0% 

    Subtotal 139,918 40 40 100.0% 

ND 17 ND-BCR17-BM Bureau of Land Management BCR 165 5 5 100.0% 

ND 17 ND-BCR17-KR Knife River Indian Villages National Historic Site BCR 5 5 5 100.0% 

ND 17 ND-BCR17-MG Little Missouri National Grassland BCR 4,133 5 5 100.0% 

ND 17 ND-BCR17-ON All Other Lands BCR 45,456 10 10 100.0% 

ND 17 ND-BCR17-RG Cedar River National Grassland BCR 20 5 5 100.0% 

ND 17 ND-BCR17-TI Tribal Lands BCR 4,780 2 2 100.0% 

ND 17 ND-BCR17-TN Theodore Roosevelt National Park - North Unit BCR 100 6 6 100.0% 

ND 17 ND-BCR17-TS Theodore Roosevelt National Park - South Unit BCR 193 8 8 100.0% 

    Subtotal 54,852 46 46 100.0% 

NE 17 NE-BCR17-LG Oglala National Grassland BCR 350 3 3 100.0% 

NE 17 NE-BCR17-OW All Other Lands BCR 1,898 2 2 100.0% 

NE 17 NE-NGPIM-NI Niobrara National Scenic River BCR 64 14 14 100.0% 
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State BCR Stratum Stratum Definitions Collected By Area (km2) Planned Completed % Completed 

    Subtotal 2,312 19 19 100.0% 

NE 18 NE-BCR18-AF Agate Fossil Beds National Monument BCR 12 9 9 100.0% 

NE 18 NE-BCR18-AO Nebraska BCR 18 All Other Lands BCR 28,452 8 7 87.5% 

NE 18 NE-BCR18-GG Oglala National Grassland BCR 31 3 3 100.0% 

NE 18 NE-BCR18-PR Nebraska BCR 18 Pineridge BUL BCR 1,885 8 8 100.0% 

NE 18 NE-BCR18-RD Nebraska National Forest - Pine Ridge BCR 200 3 3 100.0% 

NE 18 NE-BCR18-SA Nebraska BCR 18 Sandsage BUL BCR 2,894 8 8 100.0% 

NE 18 NE-BCR18-SB Scotts Bluff National Monument BCR 13 7 7 100.0% 

NE 18 NE-BCR18-WH Nebraska BCR 18 Wildcat Hills BUL BCR 1,665 8 8 100.0% 

    Subtotal 35,152 54 53 98.1% 

NE 19 NE-BCR19-BE Nebraska National Forest - Bessey District BCR 361 3 3 100.0% 

NE 19 NE-BCR19-SG Samuel R. McKelvie National Forest BCR 468 3 3 100.0% 

    Subtotal 829 6 6 100.0% 

NE/SD 11 MR-NGPIM-FM Missouri National Recreational River - 59 Mile District BCR 243 8 8 100.0% 

NE/SD 11 MR-NGPIM-TM Missouri National Recreational River - 39 Mile District BCR 248 8 8 100.0% 

    Subtotal 491 16 16 100.0% 

NM 18 NM-BCR18-AO New Mexico BCR 18 All Other Lands BCR 65,011 18 13 72.2% 

NM 18 NM-BCR18-KW Kiowa National Grassland BCR 553 2 2 100.0% 

NM 18 NM-BCR18-PL New Mexico BCR 18 Playas BCR 244 17 17 100.0% 

NM 18 NM-BCR18-RV New Mexico BCR 18 Rivers BCR 2,206 15 8 53.3% 

    Subtotal 68,014 52 40 76.9% 

OK 18 OK-BCR18-AO Oklahoma BCR 18 All Other Lands BCR 10,556 8 8 100.0% 

OK 18 OK-BCR18-PL Oklahoma BCR 18 Playas BCR 105 5 5 100.0% 

OK 18 OK-BCR18-RB Rita Blanca National Grassland BCR 57 2 2 100.0% 

OK 18 OK-BCR18-RV Oklahoma BCR 18 Rivers BCR 533 8 8 100.0% 

    Subtotal 11,251 23 23 100.0% 

OK 19 OK-BCR19-AO Oklahoma BCR 19 All Other Lands BCR 68,616 8 8 100.0% 

OK 19 OK-BCR19-PL Oklahoma BCR 19 Playas BCR 14 2 2 100.0% 

OK 19 OK-BCR19-RV Oklahoma BCR 19 Rivers BCR 6,531 8 8 100.0% 

    Subtotal 75,161 18 18 100.0% 

SD 17 SD-BCR17-BF Black Hills National Forest - All other Watersheds BCR 5,009 23 23 100.0% 
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State BCR Stratum Stratum Definitions Collected By Area (km2) Planned Completed % Completed 

SD 17 SD-BCR17-BM Bureau of Land Management BCR 831 5 5 100.0% 

SD 17 SD-BCR17-BN Badlands National Park - North Unit BCR 434 16 16 100.0% 

SD 17 SD-BCR17-BS Badlands National Park - South Unit BCR 539 3 3 100.0% 

SD 17 SD-BCR17-GG Buffalo Gap National Grassland BCR 2,356 3 3 100.0% 

SD 17 SD-BCR17-HU Black Hills National Forest - Hydrologic Code 7 Watersheds BCR 376 7 7 100.0% 

SD 17 SD-BCR17-JC Jewel Cave National Monument BCR 5 5 5 100.0% 

SD 17 SD-BCR17-MR Mount Rushmore National Monument BCR 6 6 6 100.0% 

SD 17 SD-BCR17-ON All Other Lands BCR 64,642 6 6 100.0% 

SD 17 SD-BCR17-PG Fort Pierre National Grassland BCR 482 3 3 100.0% 

SD 17 SD-BCR17-RG Grand River National Grassland BCR 125 5 5 100.0% 

SD 17 SD-BCR17-TI Tribal Lands BCR 27,561 2 2 100.0% 

SD 17 SD-BCR17-UF Custer National Forest BCR 326 5 5 100.0% 

SD 17 SD-BCR17-WC Wind Cave National Park BCR 136 14 14 100.0% 

    Subtotal 102,828 103 103 100.0% 

TX 18 TX-BCR18-AO Texas BCR 18 All Other Lands BCR 98,186 16 16 100.0% 

TX 18 TX-BCR18-PL Texas BCR 18 Playas BCR 4,507 16 16 100.0% 

TX 18 TX-BCR18-RB Rita Blanca National Grassland BCR 305 2 2 100.0% 

TX 18 TX-BCR18-RV Texas BCR 18 Rivers BCR 1,200 16 14 87.5% 

    Subtotal 104,198 50 48 96.0% 

TX 19 TX-BCR19-AO Texas BCR 19 All Other Lands BCR 84,131 16 9 56.3% 

TX 19 TX-BCR19-PL Texas BCR 19 Playas BCR 327 9 8 88.9% 

TX 19 TX-BCR19-RV Texas BCR 19 Rivers BCR 4,787 16 9 56.3% 

    Subtotal 89,245 41 26 63.4% 

UT 9 UT-BCR9-AO All Other Lands UDWR 34,636 5 5 100.0% 

UT 9 UT-BCR9-CC BLM-Cedar City BCR 8,046 14 14 100.0% 

UT 9 UT-BCR9-CT Caribou-Targhee National Forest BCR 54 2 2 100.0% 

UT 9 UT-BCR9-DO Department of Defense - All Other Lands DOD 2,704 37 37 100.0% 

UT 9 UT-BCR9-FI BLM FILMORE FO IBO 18,326 18 18 100.0% 

UT 9 UT-BCR9-MF Department of Defense - Mud Flats DOD 4,384 2 2 100.0% 

UT 9 UT-BCR9-RI BLM-Richfield BCR 617 8 8 100.0% 

UT 9 UT-BCR9-SG BLM-Saint George BCR 232 6 6 100.0% 
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State BCR Stratum Stratum Definitions Collected By Area (km2) Planned Completed % Completed 

UT 9 UT-BCR9-SL Bureau of Land Management - Salt Lake Field Office IBO 12,340 16 16 100.0% 

    Subtotal 81,339 108 108 100.0% 

UT 10 UT-BCR10-AS Ashley National Forest BCR 96 3 0 0.0% 

UT 10 UT-BCR10-SL BLM SALT LAKE FO IBO 642 8 8 100.0% 

UT 10 UT-BCR10-VE BLM VERNAL FO IBO 268 6 6 100.0% 

    Subtotal 1,006 17 14 82.4% 

UT 16 UT-BCR16-AO All Other Lands UDWR 48,838 7 7 100.0% 

UT 16 UT-BCR16-AS Ashley National Forest BCR 5,117 18 15 83.3% 

UT 16 UT-BCR16-MA Manti-La Sal National Forest IBO 5,280 42 42 100.0% 

UT 16 UT-BCR16-SA Manti-La Sal National Forest - Sanpitch IBO 307 3 3 100.0% 

UT 16 UT-BCR16-SL BLM SALT LAKE FO IBO 87 2 2 100.0% 

UT 16 UT-BCR16-VE BLM VERNAL FO IBO 6,704 12 12 100.0% 

    Subtotal 66,333 84 81 96.4% 

UT 33 UT-BCR33-AO All Other Lands UDWR 65 4 4 100.0% 

         

WY 9 WY-BCR9-WY Caribou-Targhee National Forest BCR 119 2 2 100.0% 

         

WY 10 WY-BCR10-AO All Other Lands BCR 52,161 15 15 100.0% 

WY 10 WY-BCR10-AS Ashley National Forest BCR 540 2 2 100.0% 

WY 10 WY-BCR10-BE Bridger-Teton National Forest - Roaded/Managed BCR 3,034 17 17 100.0% 

WY 10 WY-BCR10-BH Bighorn Canyon National Recreation Area BCR 57 2 2 100.0% 

WY 10 WY-BCR10-BI Bighorn National Forest WYNDD 4,712 9 9 100.0% 

WY 10 WY-BCR10-BR Bridger-Teton National Forest - Roadless/Wilderness BCR 11,364 3 3 100.0% 

WY 10 WY-BCR10-BU Bureau of Land Management - Buffalo Field Office BCR 547 2 2 100.0% 

WY 10 WY-BCR10-CA Bureau of Land Management - Casper Field Office BCR 2,509 2 2 100.0% 

WY 10 WY-BCR10-CO Bureau of Land Management - Cody Field Office BCR 4,704 2 2 100.0% 

WY 10 WY-BCR10-CT Caribou-Targhee National Forest BCR 1,397 3 3 100.0% 

WY 10 WY-BCR10-GR Grand Teton National Park BCR 856 2 2 100.0% 

WY 10 WY-BCR10-KE Bureau of Land Management - Kemmerer Field Office BCR 5,733 2 2 100.0% 

WY 10 WY-BCR10-LA Bureau of Land Management - Lander Field Office BCR 9,829 6 6 100.0% 

WY 10 WY-BCR10-MB Medicine Bow National Forest WYNDD 773 3 3 100.0% 
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State BCR Stratum Stratum Definitions Collected By Area (km2) Planned Completed % Completed 

WY 10 WY-BCR10-PI Bureau of Land Management - Pinedale Field Office BCR 3,687 8 8 100.0% 

WY 10 WY-BCR10-RA Bureau of Land Management - Rawlins Field Office BCR 13,954 8 8 100.0% 

WY 10 WY-BCR10-RO Bureau of Land Management - Rock Springs Field Office BCR 15,152 8 8 100.0% 

WY 10 WY-BCR10-SE Shoshone National Forest - Roaded/Managed BCR 2,101 5 5 100.0% 

WY 10 WY-BCR10-SR Shoshone National Forest - Roadless/Wilderness BCR 8,311 5 5 100.0% 

WY 10 WY-BCR10-WA Wasatch National Forest BCR 33 2 2 100.0% 

WY 10 WY-BCR10-WO Bureau of Land Management - Worland Field Office BCR 8,467 6 6 100.0% 

WY 10 WY-BCR10-WR Wind River Reservation BCR 7,819 4 4 100.0% 

WY 10 WY-BCR10-YE Yellowstone National Park BCR 7,592 4 4 100.0% 

    Subtotal 165,332 120 120 100.0% 

WY 16 WY-BCR16-AO All Other Lands BCR 5,438 5 5 100.0% 

WY 16 WY-BCR16-BL Bureau of Land Management BCR 647 2 2 100.0% 

WY 16 WY-BCR16-MB Medicine Bow National Forest WYNDD 5,329 20 19 95.0% 

WY 16 WY-BCR16-WA Wasatch National Forest BCR 180 2 2 100.0% 

    Subtotal 11,594 29 28 96.6% 

WY 17 WY-BCR17-AO All Other Lands BCR 52,186 12 12 100.0% 

WY 17 WY-BCR17-BH Black Hills National Forest BCR 1,085 7 7 100.0% 

WY 17 WY-BCR17-BU Bureau of Land Management - Buffalo Field Office BCR 2,653 2 2 100.0% 

WY 17 WY-BCR17-CA Bureau of Land Management - Casper Field Office BCR 2,695 2 2 100.0% 

WY 17 WY-BCR17-NE Bureau of Land Management - Newcastle Field Office BCR 1,025 2 2 100.0% 

WY 17 WY-BCR17-TB Thunder Basin National Grassland WYNDD 4,520 8 8 100.0% 

    Subtotal 64,164 33 33 100.0% 

WY 18 WY-BCR18-AO All Other Lands BCR 12,064 12 11 91.7% 

WY 18 WY-BCR18-BL Bureau of Land Management BCR 171 2 2 100.0% 

WY 18 WY-BCR18-DO Department of Defense BCR 23 2 2 100.0% 

    Subtotal 12,258 16 15 93.8% 

         

    Grand Total 1,792,167 1,590 1,551 97.5% 
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Table 2. Reasons planned surveys were not completed, 2016. 

Stratum # Not Completed Reason 

MT-BCR11-BN 1 Survey completed in wrong stratum 

NE-BCR18-AO 1 Crew leader/technician miscommunication 

NM-BCR18-AO 5 Unable to secure landowner permission 

NM-BCR18-RV 7 Unable to secure landowner permission 

TX-BCR18-RV 2 Unable to secure landowner permission 

TX-BCR19-AO 7 Unable to secure landowner permission 

TX-BCR19-PL 1 Unable to secure landowner permission 

TX-BCR19-RV 7 Unable to secure landowner permission 

UT-BCR10-AS 3 Crew leader did not assign survey  

UT-BCR16-AS 3 Crew leader did not assign survey  

WY-BCR16-MB 1 Aggressive bear in the area 

WY-BCR18-AO 1 Landowner revoked permission and not enough time to pull a backup  
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I. Bird Conservation Regions 
A. Bird Conservation Region 17 

 
Figure 4. Survey locations in the Badlands and Prairies Bird Conservation Region (BCR 17), 

2016.  



Integrated Monitoring in Bird Conservation Regions: 2016 Annual Report 

Bird Conservancy of the Rockies 
Conserving birds and their habitats 31 

 BCR 17: Total 
The IMBCR program was expanded in 2009 to include all of the Badlands and Prairies 
(BCR 17). This is currently the only BCR that is entirely stratified and sampled through 
this program. There have been several changes made within this BCR to allow for 
greater efficiency and to provide land managers with more useful data. In 2011, the 
Black Hills National Forest stratum in South Dakota BCR 17 was split into two strata 
based on watersheds in the Forest: Hydrologic Code 7 Watersheds and all other 
watersheds. This stratification by watershed allows for adjusting sampling intensity to 
target Management Indicator Species on the Forest. In Montana in 2012, several strata 
were restratified and combined within BCR 17. The three All Other Lands strata were 
combined with the Tribal Lands stratum into one All Other Lands stratum. The four BLM 
strata within Montana BCR 17 were combined into one BLM stratum. These strata were 
collapsed into larger strata to maximize the number of samples conducted within two 
strata rather than spread them out amongst eight strata. 
 
In 2013, the North Dakota, South Dakota, and Nebraska portions of BCR 17 underwent 
a complete restratification to integrate several NPS NGPN strata. During restratification, 
we defined new strata using the US National Grid, a grid system that covers the entire 
country. There are three advantages to using the USNG. First, the use of standard grids 
allows for the integration of datasets and subsequent identification of areas where 
sampling should or has not occurred. Second, it provides a means to identify sampled 
areas in a consistent manner so results of monitoring projects can be evaluated in a 
spatially comparable way. Lastly, it facilitates regional and national-level avian 
distribution modeling and the development of broad-scale avian distribution maps. This 
standard was approved by the NABCI committee. Bird Conservancy started using the 
USNG for new stratification and restratification schemes in 2013.   
 
All of the strata in these states were retained and renamed to avoid confusion, except for 
the original NPS strata. These strata were broken up so that each NPS unit is now its 
own stratum (including Knife River Indian Villages National Historic Site, Theodore 
Roosevelt National Park, Badlands National Park, Jewel Cave National Monument, 
Mount Rushmore National Monument, and Wind Cave National Park). This will allow the 
NGPN to monitor birds on each of its units separately. 
 
In 2016, we restratified the Tribal and All Other Lands strata in North and South Dakota 
to ensure all tribal lands were only included in the tribal lands strata. In the past, some 
tribal lands could still be found within the All Other Lands strata. 
 
We obtained results for BCR 17 by compiling and jointly analyzing data from 37 Strata in 
five states (Figure 4). 
 
Field technicians completed all 227 planned surveys (100%) in 2016. They also 
completed one extra survey in BCR 17. Technicians conducted 2,650 point counts within 
the 228 surveyed grid cells between 16 May and 1 July. They detected 200 bird species, 
including 43 priority species (Appendix B). 
 
Bird Conservancy estimated densities and population sizes for 159 species, 35 of which 
are priority species. The data yielded robust density estimates (CV < 50%) for 77 of 
these species. 
 
Bird Conservancy estimated the proportion of 1 km2 grid cells occupied (Psi) throughout 
BCR 17 for 156 species, 34 of which are priority species. The data yielded robust 
occupancy estimates (CV < 50%) for 88 of these species. 
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To view a map of survey locations, density and occupancy results and species counts 
within BCR 17 across all years of the project follow the web link below and hit the ñRun 
Queryò button highlighted in red located near the top of the page. If you want to limit 
results to 2016, after you click on the link below select ñYearò from the Filter drop down 
box on the top left of the screen. Hit the ñAddò button, select 2016, hit ñAdd Filterò, then 
ñRun Queryò.  
 
BCR 17 Results 

 
 Montana BCR 17 

We obtained results for Montana BCR 17 by compiling and jointly analyzing data from 
seven Strata (Figure 4). For results on All Other Lands, BLM, NPS, and USFS Lands 
within Montana refer to section III: Land Ownership. 
 
Field technicians completed all 40 planned surveys (100%) in 2016. They also 
completed one extra survey in Montana BCR 17. Technicians conducted 406 point 
counts within the 41 surveyed grid cells between 18 May and 30 June. They detected 
134 bird species, including 20 priority species (Appendix C). 
 
Bird Conservancy estimated densities and population sizes for 104 species, 13 of which 
are priority species. The data yielded robust density estimates (CV < 50%) for 37 of 
these species. 
 
Bird Conservancy estimated the proportion of 1 km2 grid cells occupied (Psi) throughout 
Montana BCR 17 for 105 species, 11 of which are priority species. The data yielded 
robust occupancy estimates (CV < 50%) for 47 of these species. 
 
To view a map of survey locations, density and occupancy results and species counts 
within Montana BCR 17 across all years of the project follow the web link below and hit 
the ñRun Queryò button highlighted in red located near the top of the page. If you want to 
limit results to 2016, after you click on the link below select ñYearò from the Filter drop 
down box on the top left of the screen. Hit the ñAddò button, select 2016, hit ñAdd Filterò, 
then ñRun Queryò. 
 
Montana BCR 17 Results 
 

 North Dakota BCR 17 
We obtained results for North Dakota BCR 17 by compiling and jointly analyzing data 
from eight Strata (Figure 4). For results on All Other Lands, BLM, NPS, and USFS Lands 
within North Dakota refer to section III: Land Ownership. 
 
Field technicians completed all 46 planned surveys (100%) in 2016. Technicians 
conducted 524 point counts within the 46 surveyed grid cells between 1 June and 1 July. 
They detected 113 bird species, including 23 priority species (Appendix C). 
 
Bird Conservancy estimated densities and population sizes for 99 species, 18 of which 
are priority species. The data yielded robust density estimates (CV < 50%) for 32 of 
these species. 
 
Bird Conservancy estimated the proportion of 1 km2 grid cells occupied (Psi) throughout 
North Dakota BCR 17 for 98 species, 18 of which are priority species. The data yielded 
robust occupancy estimates (CV < 50%) for 35 of these species. To view a map of 

http://www.rmbo.org/new_site/adc/QueryWindow.aspx#N4IgzgrgDgpgTmALnAhoiBbEAuEAhAYQCUBGAdhAF8gAAA==
http://www.rmbo.org/new_site/adc/QueryWindow.aspx#N4IgzgrgDgpgTmALnAhoiBbEAuEBZAFQFoAhAYQCUBGAdhAF8gA
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survey locations, density and occupancy results and species counts within North Dakota 
BCR 17 across all years of the project follow the web link below and hit the ñRun Queryò 
button highlighted in red located near the top of the page. If you want to limit results to 
2016, after you click on the link below select ñYearò from the Filter drop down box on the 
top left of the screen. Hit the ñAddò button, select 2016, hit ñAdd Filterò, then ñRun 
Queryò. 
 
North Dakota BCR 17 Results 

 
 Nebraska BCR 17 

We obtained results for Nebraska BCR 17 by compiling and jointly analyzing data from 
two strata (Figure 4). For results on All Other Lands and Oglala National Grassland, 
refer to section III: Land Ownership. 
 
Field technicians completed all 5 planned surveys (100%) in 2016. Technicians 
conducted 49 point counts within the 5 surveyed grid cells between 31 May and 26 June. 
They detected 40 bird species, including 4 priority species (Appendix C). 
 
Bird Conservancy estimated densities and population sizes for 25 species, 4 of which 
are priority species. The data yielded robust density estimates (CV < 50%) for 3 of these 
species. 
 
Bird Conservancy estimated the proportion of 1 km2 grid cells occupied (Psi) throughout 
Nebraska BCR 17 for 23 species, 2 of which are priority species. The data yielded 
robust occupancy estimates (CV < 50%) for 6 of these species. 
 
To view a map of survey locations, density and occupancy results and species counts 
within Nebraska BCR 17 across all years of the project follow the web link below and hit 
the ñRun Queryò button highlighted in red located near the top of the page. If you want to 
limit results to 2016, after you click on the link below select ñYearò from the Filter drop 
down box on the top left of the screen. Hit the ñAddò button, select 2016, hit ñAdd Filterò, 
then ñRun Queryò. 
 
Nebraska BCR 17 Results 

 
 South Dakota BCR 17 

We obtained results for South Dakota BCR 17 by compiling and jointly analyzing data 
from 14 strata (Figure 4). For results on All Other Lands, BLM, NPS, and USFS Lands 
within South Dakota refer to section III: Land Ownership. 
 
Field technicians completed all 103 planned surveys (100%) in 2016. Technicians 
conducted 1267 point counts within the 103 surveyed grid cells between 17 May and 1 
July. They detected 157 bird species, including 14 priority species (Appendix C). 
 
Bird Conservancy estimated densities and population sizes for 135 species, 11 of which 
is a priority species. The data yielded robust density estimates (CV < 50%) for 47 of 
these species. 
 
Bird Conservancy estimated the proportion of 1 km2 grid cells occupied (Psi) throughout 
South Dakota BCR 17 for 128 species, 9 of which are priority species. The data yielded 
robust occupancy estimates (CV < 50%) for 67 of these species. 
 

http://www.rmbo.org/new_site/adc/QueryWindow.aspx#N4IgzgrgDgpgTmALnAhoiBbEAuEA5AEQFoAhAYQCUBGAdhAF8gA
http://www.rmbo.org/new_site/adc/QueryWindow.aspx#N4IgzgrgDgpgTmALnAhoiBbEAuEA5AUQFoAhAYQCUBGAdhAF8gA
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To view a map of survey locations, density and occupancy results and species counts 
within South Dakota BCR 17 across all years of the project follow the web link below and 
hit the ñRun Queryò button highlighted in red located near the top of the page. If you want 
to limit results to 2016, after you click on the link below select ñYearò from the Filter drop 
down box on the top left of the screen. Hit the ñAddò button, select 2016, hit ñAdd Filterò, 
then ñRun Queryò. 
 
South Dakota BCR 17 Results 
 

 Wyoming BCR 17 
We obtained results for Wyoming BCR 17 by compiling and jointly analyzing data from 
six strata (Figure 4). For additional results within Wyoming, refer to section II: States. For 
results on BLM, NPS, Tribal and USFS lands within Wyoming refer to section III: Land 
Ownership. 
 
Field technicians completed all 33 planned surveys (100%) in 2016. Technicians 
conducted 404 point counts within the 33 surveyed grid cells between 16 May and 3 
June. They detected 104 bird species, including 16 priority species (Appendix C). 
 
Bird Conservancy estimated densities and population sizes for 93 species, 15 of which 
are priority species. The data yielded robust density estimates (CV < 50%) for 24 of 
these species. 
 
Bird Conservancy estimated the proportion of 1 km2 grid cells occupied (Psi) throughout 
Wyoming BCR 17 for 90 species, 13 of which are priority species. The data yielded 
robust occupancy estimates (CV < 50%) for 30 of these species. 
 
To view a map of survey locations, density and occupancy results and species counts 
within Wyoming BCR 17 across all years of the project follow the web link below and hit 
the ñRun Queryò button highlighted in red located near the top of the page. If you want to 
limit results to 2016, after you click on the link below select ñYearò from the Filter drop 
down box on the top left of the screen. Hit the ñAddò button, select 2016, hit ñAdd Filterò, 
then ñRun Queryò. 
 
Wyoming BCR 17 Results 

  

http://www.rmbo.org/new_site/adc/QueryWindow.aspx#N4IgzgrgDgpgTmALnAhoiBbEAuEBlAEQFoAhAYQCUBGAdhAF8gA
http://www.rmbo.org/new_site/adc/QueryWindow.aspx#N4IgzgrgDgpgTmALnAhoiBbEAuEB1ATQFoAhAYQCUBGAdhAF8gA
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B. Bird Conservation Region 18 

 
Figure 5. Survey location in the Shortgrass prairie Bird Conservation Region (BCR 18), 2016 

  






















































































































































































































































































