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Executive Summary

The Department of Defense (DOD) is charged with both the responsible stewardship of public lands and

with facilitating adequate military training exercises to maintain military readiness. In order to achieve

these outcomes concurrently, wildlife statud &abitat requirement information specific to DOD

installations is required. Both the North American Bird Conservation Initiative (NABCI) and DOD have
developed recommendations for effective monitoring of avian populations to meet basic monitoring

objectves and address these desired outcomes. Bird Conservancy of the Rockies, with assistance from a
broad partnership, has developed alageal e, i ntegrated monitoring prog
Monitoring in Bird Conser v asses tharecdrngndations put fofth byiB CR)
both NABCI and the DOD.

With funding assistance provided through the Legacy program, Bird Conservancy of the Rockies staff
conducted avian monitoring using methods consistent with the IMBCR program on five DOD
instdlations; Fort Carson, Pueblo Chemical Depot, Pinon Canyon ManeuveaBitthe U.S. Air Force
Academy in Coloradas well asCamp Guernsey in WyomingWVe utilized avian point count data

collected on the installations to develop robust installatim® density, population, and occupancy
estimates for all bird species with a sufficient number of detections. Due to the integrated nature of the
IMBCR program, metrics produced for the participating installations can be compared between
installations, as ell as to biologicallyrelevant or adjacent state and regional estimates.

Additionally, we developed mulgcale habitat relationship models for seven priority grassland species
(Burrowing Owl Athene canicularigGrasshopper SparrommodramusavannarumWestern
Meadowlark,Sturnella neglectaLark Bunting Calamospiza melanocoryisoggerhead Shrikd.anius
ludovicianus Vesper SparrowPooecetes gramineus n d Ca s s i mingphil& gassinjithatw ,

were detected on the installationBhelocalscale component of these models identified vegetation
characteristictikely toincreasehepr obabi |l ity of priority speciesd oc
allow for modelbased inference regarding avian response to military training or hahitgiutation

actions. The largscale component of these models also provides predicted priority species densities
based on the amount of grassland or shrubland (derived from remote sensing modelskmait tuale.

This information can be used to detéme if the examined grassland species require large, intact patches
of either shrubland or grassland habitat.

Finally, we mapped predicted density values for each priority species across the Bird Conservation
Region 17 (Badlands and Prairies) and 18(&rass Prairie) portions of the participating installations.
This spatiallyexplicit information can be used to inform landscape planning efforts within the
installations and steer disturbance activities away from-gigtity habitat.
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Monitoring Avian Populations on Colorado and Wyoming Military Installations

INTRODUCTION

Inventory and monitoring datre fundamental tthe management efildlife populationgWitmer 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). Effective monitoring prograroan identify species that arerisk 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); 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. In particuldepartment of Defense (DOD) managers require

effective monitoringo facilitate the stewardshig priority species whilensuring that necessary training
exercises can continw& DOD installationsn order to maintain military readiness.

A coordinated approach to bird population monitoring has been identified as a ydisyh the broad

avian ommunity and the DOQU.S. North American Bird Conservation Initiath\2007, Bart et al.

2012). Bird Conservancy of the Rockies (hereafigird Conservanay) and its partners designed an
integrated monitoring program entitled Al ntegrate
which directly addresses the goals stated in these documents. Specifically, seven objectives of the IMBCR
programmeetboththe DOD and NABCI goals:

1) provide robust density, populatioand occupancy estimates that account for incomplete detection and
are comparable across installations and different geographic extents;

2) provide longterm status and trend data for allukgly 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, especiaBD

priority species;

4) provide specific habitat association data for priority bird species to address habitat management issues;
5) identify the presencaf, and model occupancy fdhreatened and endangered species;

6) maintain a higkguality 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 that will serve as a node to the Avian
Knowledge Network (AKN)and

7) generate tools, and make them available thnabg AKN, which will guide conservation efforts and
provide a better measure of conservation success on installations.

With the assistance of the Legacy program (proje€t@8), Bird Conservancy successfully collected
avian and habitat data using IMB®@Rethodology on five installatior{8).S. Air Force Academy, Pinon
Canyon Maneuver Site, Fort Carson, Pueblo Chemical Depot, and Camp Gueitiseythe Southern
Rockies/Colorado Plateau, Badlands and Praied Shortgrass Prairie Bird Conservation Regions
(BCRs)during the 2015 breeding season. Data collected®@b Dstallationsvereanalyzed in concert
with data from more than 1,400 avian surveys conducted during the 2015 breeding season under the
IMBCR program. By monitoring @D installations with methodology consistent with the IMBCR
program, installatiomanagers can benefit from a larger number of species with robust density,
population and occupancy estimates, improved estimate pre@sibiheability to comparendividual
installation estimatet® other regional estimates (statewideB&@R-wide) obtained through the IMBCR
program.Additionally, using data collected under the IMBCR programgeneraig predictive density
distribution maps and habitassociation models for sev®OD priority speciegBurrowing Owl| Athene
canicularig Grasshopper Sparrowmmodramus savannaryWwestern MeadowlarlSturnella neglecta
Lark Bunting Calamospiza melanocorylsoggerhead Shrikd_anius ludovicianusVesperSparrow

Bird Conservancy of the Rockies
Connecting people, birds and land



Monitoring Avian Populations on Colorado and Wyoming Military Installations

Pooecetes gramineuandC a s s i n 6 sAin®®ghidarcassinjito provide installations witbpatially
explicitinformationregarding the occurrence thfese speciesn the selected installatians

The objectives of this study weredtlow DOD natural resource manager®bdain status information
for breeding bird species anddssess DD priority bird populations and habitat quality on individual
DOD installations We attempted to address these objectgsroviding avian abundaecand
occurrenceestimateshatarecomparablecross installationas well as tatate and regional estimatés
addition, we modeledviarthabitat relationships at the landscape and local stalaform managers of
predictedspecies response babitat modificationandgeneratednapswhich illustratehigh density areas
for priority specie®n each installatian

METHODS

Study Area
We included iive DOD installations in our study area: Fort Carson, Pueblo Chemical Depot, Pinon

Canyon Maneuver $it and the U.S. Air Force Academy in Colorado, and Camp Guernsey in Wyoming.
Two of the five DOD installationdPueblo Chemical Depot and Pinon Canyon Maneuverfaite,

entirely withinBCR 18 (Shortgrass Prairiejwo installations, U.S. Air Forc&cademy and Fort Carson,

fall largely within BCR18 but also extend into BCR 16 (Southern Rockies and Colorado Plafzam
Guernseyies within BCR17 (Badlands and Prairie@ig. 1).Excerpts from théntegrated Monitoring in
Bird Conservation Regior(dMBCR): 2015 Field Season Repg@white et al. 2016y escribing the

respective BCRs are provided below:

BCR 16: Southern Rockies and Colorado Plateau
The Southern Rockies and Colorado Plateau Bird Conservation Region is a diverse area ranging from
the ®uthern 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; pimjuniper; montane shrublandiixed conifer and aspen; and alpine
tundra with increasing elevatigPRarrish et al. 2002BCR 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.
(White et al.2016)

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
ranchlandUS North American Bird Conservation Initiative 2000he Black Hills and western
portions of BCR 17 contain pine and spruce forests at higher elevations. BCR 17 covers gdortions o
five states: Montana; North Dakota; South Dakota; Wyoming and Nebraska.
(White et al. 2016)

BCR 18: Shortgrass Prairie
The Shortgrass Prairie Bird Conservation Region is characterized by unique shortgrass prairie. What
was once contiguous prairie isméragmented by agriculture and the remnant grasslands are now
exposed to new grazing regim@4aya Lakes Joint Ventureahdbird Team 2097 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
wetlandgUS North American Bird Conservation Initiative 200BCR 18 stretches norgouth in
the rainshadow of the Rocky Mountains and covers portions of Colorado, Wyoming, Nebraska,
Kansas, Oklahoma, South Dakota, Texas and New Mexico.
(White et al. 206)
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Figurel. Overview of study area arstirveyedocations orfive DOD installations

Bird Conservancy of the Rockies
Connecting people, birds and land



Monitoring Avian Populations on Colorado and Wyoming Military Installations

Study Design
According to the IMBCR sampling desi@wWhite et al. 206), we defined the sartipg frame by

superimposig auniform grid of1 km? sample unit®ver the study are&lVe used a stratified design and
randomlyselected sample units withihe installationsising generalized randetassellation
stratification(Stevens and Olson 2004, package spsuRdyevelopment Core Team 201¥)e

excluded sensitive (impact) areas from the sampling frame for all installations when the natural resource
managers anticipated that access would baatestr

Strata were created after consultation with the natural resource managers from the participating
installationgto addres$s h e ma spacifiemasagement questions amdrmationneeds. Camp
Guernsey and Pueblo Chemical Depot were each repeddsyna single straturithe U.S. Air Force
Academy was divided into two strata; areas of the installation falling within BCR 18 and areas of the
installation falling within BCR 16PinonCanyon Maneuver Site was divided into two stratmrange
fanarea and range fan aredsastly, Fort Carson was divided into four strata;-nange fan areas within
BCR 16, nonrange fan areas within BCEB, range fan areas within BAM, and nofrange fan areas
within BCR 18.

Sampling Units

The samphg units wereadefined by the km? grid cells.Each
sampling unit contained 16 point count locations arranged in &
4X4 matrix with point count stations separated by-2b@ig. 2).

Sampling Methods

Point count locations withia sampling unit were surveyed on a
single day during the avian breeding sedsemveerthe middle
of May andthe end of Jun&Ve sampled avian abundance and
occurrence beteen onehalf hour before antive hoursafter
official local sunrise at each accessible point count location.
Technicians conductegimin point countst each point count
location(Alldredge et al. 2007 Counts wee conducted on
mornings with low wind speedsd little to no precipitationWe
measured the distance to each bird detkasing daser

12 11 10 9
. . . .

rangefinderPrior to conducting point counts, we collected _ . .
vegetation datwithin a 56m radius of the pointisingocular Figure2. Example 1 krifisampling unit
estimation(White et al. 204). Vegetation data tiuded the containing 16 point count stations.
dominant habitat type and relative abundance; percent cover and

mean height of trees and shrubs by species; as well as grass height and proportions of several ground
cover types. Technicians recorded vegetation data quietly to allow birdotheteitn to their normal

habits prior to beginning each count.

Statistical Analyses

Distance Analysis
Statistical procedures for stradtvel density estimation were initially reported in theegrated
Monitoring in Bird Conservation Regions (IMBCR): Z®Field Season Report

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 thgBbgdand et

al. 200). 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:
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1) all birdsat and near the sampling location (distance = 0) are detected; 2) distances to birds are
measured accurately; 3) birds do (Burklandebale i n r e s
2001, Thomas et al. 20304) cluster sizes are recorded without error; and 5) the sampling units are
representative of the entire survey regiBackland et al. 2008

Analysis of dstance 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 thé objec

(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 separataygtispecies. The development of robust
density estimates typically requires 80 or more
sampling area. We excluded birds flying over, but not using the immediate surrounding landscape,

birds detected while igrating (not breeding), juvenile birds and birds detected between points from
analyses.

We estimated density for each species using a sequential framework wieaespecificdetection

functions were applied to species with greater than orequ@lto@et ect i ons per year
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
were used for spées with moderate departures from the assumptions of distance sampling (Buckland

et al. 2001).

Beginningin 2015 we streamlined the analysis by fitting models with no series expansions to all
species using the recommended 10% truncation for point ttanger theyearspecificdetection
functions, we fit Conventional Distance Sampling models using thenbgeifial and hazardate key
functions with no series expansigiifiomas et al. 20)0For the globatietection functions, in

addition to the above models, we fit MultigBovariate Distance Sampling models using-halfmal

and hazardate key function models with a categorical year covariate and no series expansions
(Thomas et al. 20)0We selected the most parsimonious detection function for each species using
Akai kebs I nformation Cr i tcBurhhamanddmdersos20@2d f or s a myg
Thomas et al. 20)@nd considered the most parsimonious model as the estimation model. We
estimated populationzé (N) for each stratum a$= D* AwhereD was the estimated population
density and A was the numberlkm?2 sampling units in each stratue calculated Satterthwaite
90% Confidence Intervals (ClI) for the estimates of density and population sizeHategiam
(Buckland et al. 2001 In addition, we combined the stratdevel density estimates at various spatial
scales, such as management entity, State and BCR, using aveggbted mean. Fahe combined
density estimates, we estimated the variance for detection and cluster size using the delta method
(Powell 2007 Thomas et al. 20)@nd the variance for the encounter rate using the dbsigged
estimator of Fewster et §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 dep&dm the assumptions of

distance samplin@Buckland et al. 2001 First, we checked the shape criteria of the histogram to

make sure the detection dat ancreasihgidistantesfiomée fishoul c
point. Second, we evaluated the fit of the model using the Kolmoggmarnov goodnesef-fit test.

Finally, we visually inspected the detection histograms to identify species thansteated evasive

movement anat measunment 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, méncimdicate a

pattern of evasive movemefBuckland et al. 2001
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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 w#&hond order cosine serespansion

terms in the candidate set of mod@sickland et al. 2001 We did not include detection function

models with a single cosine expansion term because thadraifal and hazarthte models require

the order of the terms are XRuckland et al. 2001 Second, when the goodnexdfit test and/ or

inspection of the detection histogram continued to sstgeyasive 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 mvement and/ or distance measurement e(Buskland et al. 2001

(White et al. 20@)

Occupancy Analysis
Statistical procedures for strdtvel occupancyestimaion were initially reported in the Integrated
Monitoring in Bird Conservation Regions (IMBCR): 2015 Field Season Report:

Occupancy estimation is most commonly used to quantify the proportion of sample units (i.e., 1 km2

cells) occupied by an organigiacKenzie et al. 2002 The application of occupancy modeling
requiresmultiple 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 undete@iatKenzie et al. 2002We used a removal design

(MacKenzie et al. 2006to 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. Alfiietarget species was detected at a point,

we set all subsequent sampl i n(dacKenziceetalv28dJ6s at t hat
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-sedte occupancy model to estimate 1)

the probability of deteting a species given presenpg ) the proportion of points occupied by a
species given presence within sampled sampling
units occupied by a species (Y, 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 2&famt), which in turn allowed us to estimate

Theta (the proportion of points occupied within each sampling {(iratjlacky 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 @atppints. 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 werell constant across the BCRs and/or allowed to vary by BCR. Models are
defined as follows:

Model 1: Heldp and Theta constant;

Model 2: Heldp constantbut allowed Theta to vary across BCRs;
Model 3: Allowedp to vary across BCRs, but held Theta constant
Model 4: Allowed bothp 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
detectons in more than one BCR. For the purpose of estimating regional variation in detection (p)
6
Bird Conservancy of the Rockies
Connecting people, birds and land



Monitoring Avian Populations on Colorado and Wyoming Military Installations

and availability (Theta), we pooled data for BCRs with fewer than 10 point detections into adjacent
BCRs with sufficient numbers of detections. We used modelts®ieand AIC corrected for small
sample size (Alg) to weight models from which estimates of Psi were derived for each species
(Burnham and Anderson 2002Ve model averaged thetiesates of Psi from models 1 through 4 and
calculated unconditional standard errors and 90%{Elisnham and Anderson 2002We combined
stratumlevel estimates of Psi using areaweighted mean. The variances and standard errors for the
combined estimates of Psi were estimated using the delta n{€well 2007.

Our application of the mulscale model was analogous to a witegason robust desigRollock

1982 where the tweaminute intervals at each point were the secondary samples for estimating p and
the points were the primary samples for estimating TiNitdols et al. 2008Pavlacky et al. 2012

We considered both p and Theta to be nuisance variables that were important for generating unbiased
estimates of PsiTheta can be considered an availability parameter or the probability a species was
presentaind available for sampling at the poi(it§chols et al. 2008Pavlaky et al. 2012

(White et al. 206)

Automated Analysis
We used atomated analysis procedures previously described imthgrated Monitoring in Bird
Conservation Regions (IMBCR): 2015 Field SeaReport:

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). THRdBCR 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 thiBIBCR design to increase the number of detections available for

estimating global detection rates for population density and site occupancy. The RIMBCR package
used package mrd¥homas et al. 201®R Core Team 20240 fit the point transect distance

sampling model, and program MARKVhite and Burnham 199@&nd package RMarftaake 2013

R Core Team 20J4o fit the multiscale occupancy model. The RIMBCR package provided an
automated framework for combining strég&el estimates of population density and site occupancy

at multiple spatial scales, as well as approximating the standard errors and fsclambined

estimates.

(White et al. 206)

Multi -scaleHabitat-relationship Modeling
We extended an open populatidmmixture model developed by Chandler et al. (2011) to estimate
population density, and probabilities availability and detectioWe includedIMBCR datacollected
within BCR 18 between 2010 and 2055 well aglata collected o@amp Guernseiyn 2013 and 2015 for
the analysisWe removed observations with a radial distance >128ebinned the 6nin point count
duration into three, twainute time occasion@lldredge et al. 2007)0ur parameterization of the open
population Nmixture model (Chandler et &011, Sparks et al. in preg}timated the availability
parameter using spatialthe@r than temporal replicatéd/e e st i mat estuall-dcalecedugancy ( &)
(d) and detecti on 1pmsamdinyigridi Degsity(wps)modeled ukirig the Roisson
distribution.We mo d ,evhieh deprelsentthe probability ofa speciebeingpresent within the 126-
radius of the point count station givdretspecies was present on tHevf sampling unitusing a
Binomial distribution We modeleg using a removal model where the vector of countsasasidered
to be multinomialWe estimated parameters of the gafized multinomial mixture model by
maximizing the integrated likelihood function in the R package unmarked (Fiske and Chandler 2011, R
Development Core Team 2015Ye ranked modelgsingAIC (Akaike 1973) We developed predicted
distribution maps by modeaveragingdensitypredictiors across models witihfour AIC of the top
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ranked mode(i.e.,(pA | C). @edidted densities are displayed usingerasnages with cell sizes a&f
kmz, generated frothe U.S. NationalGrid grid layers for the five DOD installatiof§GDC 2001) We
did not map predicted densities within the BCR 16 portionsstéllations because these data were
excluded from the analysis.

Model Justification and Construction

We used the method of multiple working hypothg€dsmamberlin 1965)o develop alternate priori
hypotheses for the effects of covariates on detedioallscale occupangyand density ofeven
grasslanehssociatedpeciesBur r owi ng Owl , Cassi no6s L8kBuntingpw, Gr as:
Loggerhead Shrike, Vesper Sparrow, &vidsten MeadowlarkWe evaluated spatial variation in

detection by allowinghe detection probability to vary by a continuous shrub cover covaridiiected by

the avian observers at the point count stadioa a caggorical year covariat@he ocular estimate of

shrub cover was thought to impact the likelihood that an observer would visually detect individuals while
the year covariate accounted fbfferences irobserves, habitatand weather across yeavée modebd

the spatial variation ismallscale occupancaysing IMBCR vegetation data colledtat the point count
stations.The following local vegetationovariatesvereincluded in our models: percent grass cover,

grass height, percent herbaceous cover an@pestrub coer. We allowed avian densitp vary bythe
proportion of grassland cover, proportion of shrubland cover, and gmitgtongitudeandlatitude
coordinates within the Bm? sampling grid.

The proportion of grassland and shrubland coed in the largscale density estimation at théxrh?

scalewas estimatedybmeasuring the percentage oésgsland and shrubland in thé&r? grid cells using

thefExisting Vegetation Typelayer in the LANDFIRE datas¢tSGS 2012)For percent grassland, we
extractedvegetation types with lational Vegetation Classification System Physiognomic

Classt EVT _CLASS) oifgrétserimanadedbouwasnd a System Group Phy:
6grasslandd. Additional LANDFI RE exi sexcludeg vegetat
shrubland, high elevation montane/subalpine grasslands, mountain meadows, introduced grasslands
(modified/managed habitat), and recently logged areas. For percent shrubland, we usedGIrABST

of O Shr ub l-sahnrdudb, | adnDdwba, r-shaulr-s t 6ehpepr ebba caenodu san EVT _PHYS of
removing all grassland or tréi&eforms EVT_LF). In addition, we added two shrubland types previously
excluded from grassland vegetation.

We used a sequential, parametése model building strategy to determihe strength of evidence

within the model sefl_ebreton et al. 1992, Doherty et al. 2DIFirst, we constructed detection models
using all subsets of covariates for detection (includmgterceptonly model), while holdinggmallscale
occupancyand density constamsingthe global model. Second, we builsmallscale occupanaynodels
using all subsets of covariates fanallscale occuapndfincludingan interceptonly mode), while
modeling detection using the toanked model for detectiaandholdingabundance constant at the global
model.Lastly, we developed density models using all subsets of covariates for der@itgdihgan
interceptonly mode), while holding detection angimallscale occupancgonstanusing the toganked
modelsfor the parameterfsom the first and secorsteps
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RESULTS

Strata-level Density and Occupancy EstimatioriResults

U.S. Air Force Academy
Stratalevel density and occupancy estimates for the U.S. Air Force Academy were initially reported in
thelIntegrated Monitoring in Bird Conservation Regions (IMBCR): 2015 Field Season Report:

We obtained results for the U8 Force Academy in Colorado by compiling and jointly analyzing
data from two strata.

Field technicians completed all 20 planned surveys (100%) in 2015. Technicians conducted 239 point
counts within the 20 surveyed grid cells between 3 June and 25Thayedetected 106 bird species,
including 22 priority species (Appendix C).

Bird Conservancy estimated densities and population sizes for 78 species, 22 of which are priority
species. The data yielded robust density estimates (CV < 50%) for 32 ofpihemss

Bird Conservancy estimated the proportion of 1 km2 grid cells occupied (Psi) throughout the US Air
Force Academy in Colorado for 76 species, 20 of which are priority species. The data yielded robust
occupancy estimates (CV < 50%) for 47 of thesrigs.

To view a map of survey locations and get species counts within the US Air Force Academy in

Colorado across all years of the project follow
highlighted in red located near the top of the page.ufwant to limit results to 2015, after you click

on the |link below select fAYearo from the Filter
AAddo button, select 2015, hit AAdd Filter o, the

US Air Force Academy Results
(White et al. 206)

Fort Carson
Stratalevel density and occupancy estimates for Fort Carson were initially reportedritetii@ted
Monitoring in Bird Conservation Regions (IMBCR): 2015 Field Season Report:

We obtained results for Fort Carson in Colorado by compiling and jointlyzngldata from
four strata.

Field technicians completed 27 of 30 planned surveys (90%) in 2015. Technicians conducted 329
point counts within the 27 surveyed grid cells between 13 May and 14 June. They detected 110
bird species, including 23 priority sgies (Appendix C).

Bird Conservancy estimated densities and population sizes for 80 species, 20 of which are
priority species. The data yielded robust density estimates (CV < 50%) for 25 of these species.

Bird Conservancy estimated the proportion of 2 kimd cells occupied (Psi) throughout Fort
Carson in Colorado for 75 species, 21 of which are priority species. The data yielded robust
occupancy estimates (CV < 50%) for 35 of these species.

To view a map of survey locations and get species countswtt Carson across all years of
the project follow the web |l ink below and hit
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near the top of the page. If you want to limit results to 2015, after you click on the link below
select AYearodfopmdowe Biokten the top |l eft of
select 2015, hit AAdd Filtero, then ARun Query

Fort Carson Results

1. Range Fan Areas in Fort Carson
We obtained results for Range Fan Areas in Fort Carson by compiling and jointly analyzing data
from two strata.

Field technicians completed 13 of 14 planned surveys (92.9%) in 2015. Technicians conducted
171 point counts within the 13 surveyed grid cells between 6 June and 14 June. They detected 84
bird species, including 19 priority species (Appendix C).

Bird Conservancy estimated densities and population sizes for 64 species, 17 of which are
priority specis. The data yielded robust density estimates (CV < 50%) for 15 of these species.

Bird Conservancy estimated the proportion of 1 km2 grid cells occupied (Psi) throughout Range
Fan Areas in Fort Carson for 61 species, 17 of which are priority speciesat@hgeadded robust
occupancy estimates (CV < 50%) for 23 of these species.

To view a map of survey locations and get species counts within Range Fan Areas in Fort Carson

across all years of the project fotohnow the web
highlighted in red located near the top of the page. If you want to limit results to 2015, after you
click on the |ink below select AYear o from t he

Hit the AAddO button,t lsed etRui0Qber ot AAdd Fi

Range Fan Areas in Fort Carson Results

2. All Other Areas in Fort Carson
We obtained results for All Other Areas in Fort Carson by compiling and jointly analyzing data
from two strata.

Field technicians completed 14 of 16 planned surveys (87.5%) in 2015. Technicians conducted
158 point counts within the 14 surveyed grid cb#ééveen 13 May and 8 June. They detected 92
bird species, including 19 priority species (Appendix C).

Bird Conservancy estimated densities and population sizes for 66 species, 16 of which are
priority species. The data yielded robust density estimates(803#6) for 12 of these species.

Bird Conservancy estimated the proportion of 1 km2 grid cells occupied (Psi) throughout All
Other Areas in Fort Carson for 59 species, 15 of which are priority species. The data yielded
robust occupancy estimates (CV < 50 21 of these species.

To view a map of survey locations and get species counts within All Other Areas in Fort Carson

across all years of the project follow the web
highlighted in red located near the toplod jpage. If you want to limit results to 2015, after you
click on the link below select fAiYear o from the

Hit the AAddo button, sel ect 2015, hit AAdd Fi

All Other Areas in Fort Carson Results
(White et al. 206)
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Pinon Canyon Maneuver Site
Stratalevel density and occupay estimates for Ron Canyon Maneuver Site were initially reported in
thelntegrated Monitoring in Bird Conservation Regions (IMBCR): 2015 Field Season Report:

We obtained results for ®an Canyon Maneuver Site in Colorado by compiling and jommtiglyzing
data from two strata.

Field technicians completed all 35 planned surveys (100%) in 2015. Technicians conducted 445 point
counts within the 35 surveyed grid cells between 11 May and 24 May. They detected 103 bird species
(Appendix C).

Bird Conservancy estimated densities and population sizes for 69 species. The data yielded robust
density estimates (CV < 50%) for 23 of these species.

Bird Conservancy estimated the proportion of 1 km2 grid cells occupied (Psi) throughmut Pi
Canyon ManeuveSite in Colorado for 63 species. The data yielded robust occupancy estimates (CV
< 50%) for 28 of these species.

To view a map of survey locations and get species counts wittiom Bianyon Maneuver Site across

all years of the project follow the wemlk b el ow and hit the ARun Querydc
located near the top of the page. If you want to limit results to 2015, after you click on the link below
select AYearo from the Filter drop ddaonnseldctox on t
2015, hit AfnAdd Filtero, then ARun Queryo.

Pinon Canyon Maneuver Site Results

Range Fan Aeas inPinon Canyon Maneuver Site
We obtained results for Range Fan Areas moRiCanyon Maneuver Site by analyzing data from one
stratum.

Field technicians completed all 10 planned surveys (100%) in 2015. Technicians conducted 120 point
counts within bhe 10 surveyed grid cells between 18 May and 24 May. They detected 70 bird species,
including 10 priority species (Appendix C).

Bird Conservancy estimated densities and population sizes for 47 species, 5 of which are priority
species. The data yielded b density estimates (CV < 50%) for 10 of these species.

Bird Conservancy estimated the proportion of 1 km2 grid cells occupied (Psi) throughout Range Fan
Areas in Pion Canyon Maneuver Site for 40 species, 5 of which are priority species. The data
yielded robust occupancy estimates (CV < 50%) for 14 of these species.

To view a map of survey locations and get species counts within Range Fan AtgesBanyon

Maneuver Site across all years of the yporoject foc
button highlighted in red located near the top of the page. If you want to limit results to 2015, after
you click on the |Iink below select AYear o from t

Hit the AAddo butt dnt,ersoel etchte n2 OAlRu,n hQute riiyfod. d Fi

Range Fan Areas iRrinonCanyon Maneuver Site Results
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All Other Areas in Pinon Canyon Maneuver Site
We obtained results for All Other AreasRinonCanyon Maneuver Site by analyzing data from one
stratum.

Field technicians completed all 25 planned surveys (100%) in Z@thnicians conducted 325 point
counts within the 25 surveyed grid cells between 11 May and 24 May. They detected 88 bird species,
including 12 priority species (Appendix C).

Bird Conservancy estimated densities and population sizes for 60 specied)ichoare priority
species. The data yielded robust density estimates (CV < 50%) for 19 of these species.

Bird Conservancy estimated the proportion of 1 km2 grid cells occupied (Psi) throughout All Other
Areas inPinonCanyon Maneuver Site for 57 species, 8 of which are priority species. The data
yielded robust occupancy estimates (CV < 50%) for 24 of these species.

To view a map of survey locations and get species counts withiAlbPther Areas inPinon

f
tt

CanyonManewuer Site across all years of the project
Queryo button highlighted in red | ocated near

after you click on the | i nlddwehooontheteplleftofthe i Year 0
screen. Hit the AAddo button, select 2015, hit

All Other Areas inPinonCanyon Maneuver Site Results
(White et al. 206)

Pueblo Chemical Depot
Stratalevel density and occupancy estimatestiier Pueblo Chemical Depwatere initially repoted in the
Integrated Monitoring in Bird Conservation Regions (IMBCR): 2015 Field Season Report:

We obtained results for Pueblo Chemical Depot in Colorado by analyzing data from one stratum.
Field technicians completed all 15 planned surveys (100%§1iB.2Iechnicians conducted 195 point
counts within the 15 surveyed grid cells between 13 May and 2 June. They detected 58 bird species,

including 5 priority species (Appendix C).

Bird Conservancy estimated densities and population sizes for 40 spatfi@g)idh are priority
species. The data yielded robust density estimates (CV < 50%) for 13 of these species.

Bird Conservancy estimated the proportion of 1 km2 grid cells occupied (Psi) throughout Pueblo
Chemical Depot in Colorado for 37 species, 4 ofoltare priority species. The data yielded robust
occupancy estimates (CV < 50%) for 15 of these species.

To view a map of survey locations and get species counts within Pueblo Chemical Depot across all

years of the project follow the web link belowandhit he fARun Queryo button

located near the top of the page. If you want to limit results to 2015, after you click on the link below

select AYearo from the Filter drop down box on
t

2005, hi AAdd Filtero, then ARun Queryo.

Pueblo Chemical Depot Results
(White et al. 206)
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http://www.rmbo.org/new_site/adc/QueryWindow.aspx#N4IgzgLgTghhCuBbEAuEBhA8gWgELoCUBGADmwAUARFAAkoFMAHGKCRegOwhoHsAzOvT6cw9Gthrl49AEYAbHjXQALeogCWAYxhzBjHhBABfIAAA

Monitoring Avian Populations on Colorado and Wyoming Military Installations

Camp Guernsey
Stratalevel density and occupancy estimatesGamp Guernsewere initially reported in théntegrated
Monitoring in Bird Conservation Regions (IMBCR): 2015 Field Season Report:

We obtained results for Camp GuernseyMpoming by analyzing data from one stratum.

Field technicians completed all 20 planned surveys (100%) in 2015. Technicians conducted 244 point
counts within the 20 surveyed grid cells between 20 May and 7 June. They detected 92 bird species,
including 8priority species (Appendix C).

Bird Conservancy estimated densities and population sizes for 72 species, 6 of which are priority
species. The data yielded robust density estimates (CV < 50%) for 23 of these species.

Bird Conservancy estimated the propmmtof 1 kmz2 grid cells occupied (Psi) throughout Camp
Guernsey in Wyoming for 65 species, 5 of which are priority species. The data yielded robust
occupancy estimates (CV < 50%) for 27 of these species.

To view a map of survey locations and get speciaestsovithin Camp Guernsey across all years of

the project follow the web link below and hit ¢t
the top of the page. If you want to limit results to 2015, after you click on the link below select
AfYeaom tthe Filter drop down box on the top | eft

hit AAdd Filtero, then ARun Queryo.

Camp Guernsey Results
(White et al. 206)
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Multi -scale Habitat Relationship Models

Lark Bunting

The best model f or d eintladedtwo cgvariptesatfgoportioe of grasslakd Bunt i n
cover and th@roportion ofshrublandcover(Table Al). There was nearly equal support for the second

best model includintatitude andongitude( (Al C FableARDensity (&) of the La
showed a positive eftt for proportion of grasslambver(Fig. 3, Table A.9 andanegative effector

proportion of shrublandover(Fig. 3 Table A.2. The95%confidence intervall) for the proportion of

grassland and shrublardverexcluded zero, indicatingmeasurable differender theeffect sizeof this

covariate Table A.J. The predicted distributioacrosghefive DOD installations is shown iRig. 4.

Pleaseefer to appendices HL to view full page mps of Lark Bunting distributionn the individual

installations.

The best approximating model femallscale occupandy d) of the Lar k Bunting in
grass cover, grass heighhd herbaceous cover (Tablel). The second best model included shrub cover

( pAIl C = 1A.19 Bhe thifd Bestimedeincluding the effect of grass cavand herbaceous cover

wasfour times less plausible than the top moaeldetermined by AlCTableA.1). Thesmaltscale

occupancyf the Lark Bunting increased with increasing grass cover and herbaceous cover and declined

with increasing grass height (Fig. TableA.2). The95%Clsfor the effects of grass cover, grass height

and herbaceous cover excluded zerdicatingmeasuratd differences for theffect sizes ofthese

covariatesTable A.9.

The best model for the detectiqn) 6f the Lark Bunting included year and shrub cover (Table A.1).
There was little support for the second best maagitaining the effect of yeardan s hr ub cover ( o
5.3).
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Figure3. The density of Lark Bunting by A) proportion of grasslansierand B) proportion of
shrublanccover, 20101 2015.,The bol d I ines are estimates of densi
confidence intervals.
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Camp Guernsey US Air Force Academy

N
gt ?)
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Pueblo Chemical Depot
Fort Carson
0 12 34 5
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Pinon Canyon
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Density (birds/km?)

86.99 o
- 66.61 Bird W4

465 Conservanc

of the Rockies

Figure4. Predicted distribution of Lark Bunting, showing maedeeraged population density (birds/km2)
across five DODnstallationsLegend displays maximum, minimum, and mean predicted density values
Installation areas within BCR6 are not included in predictions.
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Figure5. The smalscale occupancgf Lark Bunting by A) grass cover, B) grass height, and C)
herbaceous cover, 201®015.The bold lines are estimates of srmlt a | e

regions are 95% confidence intervals.
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Western Meadowlark

The best model f ornMeadewlatkeontsinethe covaratptatitude,logdusid, e r
proportion of grassindcover, and proportion oflsrublandcover(Table B.1).There was nearly equal

support for the secorgestmodelwhich excluded the proportion of shrubland coyespAl C = 0. 14) .
Western Meadowl ar k dhepragportoryof grassjandiamd shrublaiheQ8%Chi t h

for the effect of proportion of grassland excluded zemicatinga measurable difference for te#ect

sizeof this covariateKig. 6 Table B.3. The predicted distribution across the five DdBtallations is

shown in Fig. 7Please refer to appendices H to view full page maps of Western Meadowlark

distribution on the individual installations.

The best approximating model femallscale occupandy d) of t he Western Meadowl
effects ofgrass cover, grass height, herbaceous ¢cawershrub cover (Table B.1). The second best
modelcarried only half the support of the top model ardluded grass Ight (Table B.1)The effects of

grass cover and herbaceous cover were positive and gaeaf6hrub cover was negativEhe 95%Cl

for the effects of grass cover, herbaceous ¢@ret shrub cover excluded zemlicatingmeasurable

differences for theffect size ofthese cwariates (Fig. 8Table B.2.

The best model fahe detection(p) of the Western Meadowlark was the constant model (Table B.1). The
constant rate of detection was 0.73 (SE = 0.01L There was nearly equal support for the second top

mo d e | ( Al C A)whichim@uded 3heub dover aBd indicatihtdetecton decreased with
increasing shrub cover (Table B.1

100

75

50

Density (1 km?)

25

0

0 25 50 75 100
Grassland cover (%)

Figure6. The density of Western Meadowlark by proportion of grassland, 220Q5.The bold lines
are estimates of regienaad 96% colffidehce iatarvhls.t he gr ay
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Figure7. Predicted distribution of Western Meadowlark, showing masteraged population density
(birds/km?) across five DOD installatiorisegenddisplays maximum, minimum, and mean predicted
density valuesinstallation areas within BCR6 are not included in predictions.
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