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EXECUTIVE SUMMARY

Many grassland bird species are of high conservation conceto cwegor population declines
andcontinuing habitat loss and degradation over nafdheir range.More than 80% of
grassland bird species breeding in western North America overwinter@htheahuan Desert
grasslandsf the southwestern U.S. and northern Mexico. These grassiendwreasingly
being lostand degraded througtgricultural conversiondesertification and shrub encroachment
especially in Mexico. However,ehe is little information on wintering grassland bird
distribution, abundanc¢éabitat usendspatiotemporgbatterndo guidestrategic habitat
conservation itheregion.

In January 2007/Rocky Mountain Bird ObservatoffRMBO), together with Universidad
Auténoma de Nuevo Leomitiated a firstever, regiorwide pilot survey to inventory, research
and monitor wintering birds in Chihuahuan Desert GrasslamdityrConservation Areas
(GPCAs) in Mexico. This effort wagfined and expanded January and February of 2088d
2009

In 2009we conducte®82onekilometer line transects at randondglected grassland sites
acrosslO current or potentiadbPCAs. At each site we used distance sampling to quantify bird
populations and visual habitat assessments to characterize vegetation types and conditions.
These surveys generatadundance and distributiemformation on 34 grassland associated
speciesincluding 30 priorityspecies of high regional or continental conservation interest. We
obtained reasonably preciaenualestimate®f density for33 specier species groupings
including 19 priority speciesacross GPCAsWe determined habitat relatships for 16 species
using generalized lineanodels.

Species density varied among the 10 GPCAs, but the degree to which densities differed varied
among speci es. For exampl e, Bairddéos Sparrow d
northern Durangand southern Chihuahua, far exceeds that in any other GPCA. Other species

|l i ke Spragueds Pipit were mor estilbappeparddfobaedi st r i b
more important than others. Some species showed broader regional patterns of abtrmtance.
example, Chestnwdollared Longspur was most abundant in the northern Chihuahuan Desert

GPCAs in most years. In 2008, densities dropped in the north and increased in the south, and

most other species also shovesddence ofnter-annual shifts in popation density, both locally

and across the regiofContinued monitoring is needed to further evaluate these patterns.

Grass cover, shrub cover, and/or other cover were important habitat variables that influenced the
abundance of most grassland species Sever al species of high conc
PipittBai r d 6 s Giagslopper &parrow and Chestooftared Longspunvere negatively

affected by shrub cover and positively affected by grass c@msslands with low shrub cover

andhigh giass cover werancommonn many of the GPCAsHowever, these conditions can be

promoted through management and restoration.

The identification of higlguality Chihuahuan Desert grasslansismpeded by a lack of
resolution among grasslatypesin the awailable GIS. A refinement of theagsland
classificationthrough an analysis of remote sensing data coupled with extensive ground
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truthing, is needed in order to distinguish among simtésted grasslands, which have little to
no present value for mogtassland species of concern, and open grasslands that provides critical
habitat for these species.

Rapid agricultural expansion is threatening to severely reduce the availability of grasslands in the
Chihuahuan Desert, particularly in flatland ardwsd tippear to be important for many grassland
birds of concern. Rates of grassland conversion to agriculture are not known, lauethey
increasing andppear to bensustainable. Shrub encroachment is also reducing the availability

of suitable habitafor opengrassland obligates. Given that migratory grassland birds from

western North America concentrate in the limited grasslands of northern Mexico and
southwestern U.S., continued loss of Chihuahuan Desert grasslands will create a wintering
habitat bdtleneck that will further limit population sigeof many grasslandbligate bird species.

An immediate and broad array of conservation solutions are needed to slow and reverse current
trends inChihuahuan Desert grasslaods. Continued avian inmeries and monitoringill

allow usidentify spatiotemporal patterns abundance, specidabitat requirementgnportant
wintering areasindland usechangeswhile continuing to provide an avenue for outreact

education Oncewe candeterminekey regions habitatconditions andother variables that affect
distribution and abundangefforts to protect, manage and restoabitatand buildpublic

support for conservatiomust bedramaticallyincreasedn these areasRMBO would like to

deploy sewadship biologistsn the GPCAdo reach out to local communities and landowners
develop partnerships awmiliver on the ground conservatiomogether these strategies could

help mitigate the loss of grasslands and imptodee r egi on o0 s ocguasstaydi ng cap a
species.

RESUMEN EJECUTIVO

Numerosas especies de aves de pastizal son de alto interés de conservacion debido a sus
disminuciones poblacionales mayores y a la pérdida y degradacion continua de sus habitats a
través de su rango de distributidas del 80% de las especies de aves de pastizal
reproduciéndose en el oeste de Norteamérica pasan el invierno en los pastizales desérticos del
Desierto Chihuahuense del suroeste de EE.UU. y norte de México. Estos pastizales estan siendo
perdidos y degidados crecientemente por su conversion agricola, desertificacion, e invasion de
plantas arbustivas, especialmente en México. Sin embargo, existe poca informacion sobre la
abundancia, distribucién, uso de habitggronesspacietemporales de las aves de pastizal

para dirigir la conservacion estratégica de habitats en la region.

En enero de 2007, Rocky Mountain Bird Observatory, junto a la Universidad Autbnoma de

Nuevo Leon, inicid el primer conteo piloto regional pasgentariar, investigar y monitorear

aves durante el invierno en Areas Prioritarias para la Conservacion de Pastizales (GPCA, por sus
siglas en inglés) en México. Este esfuerzo fue refinado y expandido en enero y febrero de 2008 y
de 2009.

En 2009, reafiamos conteos en 682 transectos lineales de un kilbmetro cada uno en sitios de
pastizal seleccionados aleatoriamente a través de 10 GPCAs actuales o potenciales. En cada sitio
utilizamos el muestreo de distancia para cuantificar las poblaciones de atiezagienes
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visuales del habitat para caracterizar los tipos de vegetacién y su condicion. Estos conteos
generaron informacion sobre la abundancia y distribucion de 34 especies asociadas a pastizales,
incluyendo 30 especies prioritarias de alto interé®nad)y continental de conservacion.

Obtuvimos estimaciones de densidad anual razonablemente precisos de 33 especies 0 grupos de
especies, incluyendo 19 especies prioritarias a través de las GPCAs. Determinamos relaciones
abundancighabitat para 16 espesieatilizando modelos lineales generalizados.

La densidad de especies vario entre las 10 GPCASs, pero el grado en el que las densidades se
diferenciaron varié entre especies. Por ejemplo, la densidad del Gorrién de Baird en Cuchillas de
la Zarca, una GPCAue comprende el norte de Durango y el sur de Chihuahua, excede por

mucho la densidaencualquier otra GPCA. Otras especies, como la Bisbita Llanera, estuvieron
mas uniformemente distribuidas, aunque aun algunas GPCAs parecieron ser mas importantes que
otras. Algunas especies mostraron patrones de abundancia regional mas amplios. Por ejemplo, el
Escribano de Collar Castafio fue mas abundante en las GPCAs del norte de Cliileadhaua

mayoria de los afios. En 2008, las densidades cayeron en el nortergrseraron en el sur, y

la mayoria de las especies también mostraron evidencia de cambios interanuales en la densidad,
tanto localmente como a través de la regiBa.requiere un monitoreo continuo para evaluar

mejor estos patrones.

La cobertura de past, de arbustos, y/o de otras clases de cobertura fueron variables del habitat
importantes que influenciaron la abundancia de la mayoria de las especies de pastizal. Algunas
especies de alta preocupacion, incluyendo a la Bisbita Llanera, el Gorrion @hgajelili

Escribano de Collar Castafio, parecen requerir pastizales con pocos o ningun arbusto, y para al
menos nueve especies, la cobertura de pastos tuvo un efecto fuertemente positivo en sus
abundancias, al menos hasta cierto punto. Desafortunadameptestinales con poca cobertura

de arbustos y con moderada o alta cobertura degpssh raros en muchas deGCAS. Sin

embargo, estas condiciones pueden ser promovidas a través de manejo y restauracion.

La identificacion de pastizales chihuahuensealth calidad es dificultada por la carencia de
resolucién entre los tipos de pastizales en los SIG disponibles. Un refinamiento de la

clasificacion de los pastizales, quizé a través de un analisis de datos de sensoria remota acoplado
con una extensiva viicacion de campo, es necesaria para distinguir entre pastizales invadidos

por arbustivas, los cuales tienen poco o ningun valor presente para la mayoria de las especies de
pastizal de preocupacion, y los pastizales abiertos, que proveen habitaparédiestas

especies.

La r4pida expansion agricatatdamenazandareducir severamente la disponibilidad de

pastizales en el Desierto Chihuahuense, particularmente en las areas de planicies que parecen ser
importantes para muchas aves de pastizal de preocupacion. Las tasas de conversion de pastizales
a agricultura son geonocidas, pero parecen estarse incrementando y ser insostenibles. La
proliferacion de plantas arbustivas también esta reduciendo la disponibilidad de habitat adecuado
para especies dependientes de pastizales abiertos. Dado que las aves de pastiz@smnigrat
provenientes del oeste de Norteaméseaoncentra enlos pastizales limitados en el norte de

México y suroeste de EE.UU., la pérdida continua de pastizales del Desierto Chihuahuense muy
probablemente creara un cuello de botella invernal que ré@da@obrevivencia invernal y

limitara aun mas el tamafio poblacional de muchas especies de aves dependientes de pastizales.
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Se requiere un inmediato y extenso arreglo de soluciones para disminuir o revertir las tendencias
actuales en la pérdida de |mastizales chihuahuenses. Inventarios y monitoreos continuos son
necesarios para identificar los patrones esgaciporales de distribucién y abundancia de aves

de pastizales en el invierno, para determinar los requerimientos de habitat de las espacies, p
identificar areas importantes durante el invierno, y para rastrear los cambios en el uso del suelo.
Una vez que se han identificado regiones y habitats clave, los esfuerzos de proteccion de habitat,
de manejo y de conservacion deben ser incrementadestas areas, asi como los esfuerzos para
construir apoyo publico para la conservacion de pastizales, especialmente involucrando a los
propietarios y administradores de pastizales. Bidlogos supervisores podrian ser comisionados a
estas &reas para la vitacion con las comunidades locales y los propietarios y ayudarlos a
instrumentar acciones de conservacion. En conjunto, estas estrategias podrian ayudar a mitigar la
pérdida de pastizales y mejorar la capacidad de carga de la regidn para las espestiealde pa
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WINTERING BIRD DENSITY AND HABITAT USE IN CHIHUAHUAN DESERT GRASSLANDS

| NTRODUCTION

Populations of many grassland bird species, including 27 species of continental importance for Partners
in Flight (PIF) and/or the U.S. Fish and Wildlife Service (USFWS), are undergoing steep, widespread
and longterm population declines (Sauer et al. 200RBeasons for many declines are still poorly
understood, but likely are related to past angjoimg habitat loss and degradation over much of their
range. Threats to native grasslands are accelerating in many regions due to expanding agriculture,
urbanzation, desertification, and invasive species.

The western Great Plains, from southern Alberta and Saskatchewan to southern New Mexico and
western Texas, have the most extensive and intact native grasslands remaining in North America and
support the mdagmportant breeding areas for the greatest number of grassland bird species (Figure 1A).
Over 90% of grasslandreeding bird species in this area are migratory. The greatest number of
migratory grassland species in the region eveter in the Chihuahan Desert of northern Mexico and

the southwestern United States, a globally important region for these birds (Figure 1B). Native
grasslands in this region are restricted in distribution, and while the current extent of relatively intact
desert grasslands not known, it likely occupies less than 12% of the Chihuahuan Desert (Bird
Conservation Region 35) in Mexico. However, little information exists on the distribution, abundance,
habitat use, and spatiotempagpakternsof wintering grassland birds in this region, or on trends in
grassland extent and condition. This information is urgently needed to advance strategic conservation
actions for priority species and evaluate impacts from continuing grassland loss anel ciamage, as

well as conservation actions, in the Chihuahuan Desert. The goal of this project is to provide this
information through a randosampling design that allows for local and regional inference to
populations, prioritization of conservation arbéased on species abundance, and insight into species
specific habitat requirements.

Winter Dist. of Breeders

5-9
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. 18-23
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Figure 1. Overlay of breeding (A) and wintering (B) ranges for grassland bird species of the western Great Plains
(from Blancher2003.

In cooperation wth the Universidad Autonoma de Nuevo Leon (UANL), and Sul Ross State University
(SRSU), we implemented avian surveys across nine Grassland Priority Conservation Areas (GPCAS) in
the Chihuahuan Desert of Mexico in January and February of 2007, 2008 &@@0@ surveys in one
GPCA occurred in March, 2009). With additional funding from the Rio Grande Research Center at
SRSU we expanded the project into southeastern Chihuahua and western Texas with logistical

ROCKY MOUNTAIN BIRD OBSERVATORY
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assistance from SRSU. UANL coordinated fialdvey teams in Mexico through a network of regional
partners, including Pronatura Noref®Repfauna Coahuila, Universidad JuadezDurangpandRMBO.

UANL was also responsible for data collection in the three easternmost GPCAs. Additional partners in
field efforts have included Profauna Chihuahua, Pronatura Noroeste and TNC Chihuahua. According to
the most recent GIS availal®NEGI 2003) the survey blocks in these nine GPCAs in Mexico

(Sonoitd, Janos, Valles Centrales, Vallolombia,Cuchillas de la Zarca, MapinGuatroCiénegas,

and ElTokio) encompas&2,619km? of grassland in seven Mexican states: Sonora, Chihuahua,

Coahuila, Durango, Zacatecas, Nuevo Latod San Luis PotasiThis is equivalent to an area roughly

the size of thatate of New Jersey.

The goals and objectives of this project were identified with participation from over 20 partners from

uni versities, NGO6s, and federal and state agen
Symposium on Grasslands, inu@ad Chihuahua, Chihuahua, Mexico, in August 2006. Our primary
objective was to estimate abundance of all grassland birds in these GPCAs, emphasizing priority species
as identified by major bird conservation initiatives including (but not limited to) MNIE, USFWS and

INE. A detailed account of the program goals, study design, and methodology are given by Panjabi et

al. (2006)and updated by Levandoski et al. (2008).

New study sites in 2009 included the grasslands in and around the Marfa GPCA in western Texas and
Lagunas del Este, a significant grassland area in eastern Chil{G&@and TNC 2005) The Lagunas
del Este grasslandse bcated?20-150 km east, southeast and northeast of Delicias, Chihuahua.
Lagunas del Este includparts of Camargo, Saucillo, La Cruz, JulimaslOjinaga municipalities An
isolated block to the north in Manuel Benavides municipality was alsededlthe Lagunas del Este
stratum. Lagunas del Esteas considered but not selected as a final GRG@&usion of this area helps
fills aspatial gap in our study area and provides comparablalbinddance and habitat us&a for a
relatively large yepoorly knownChihuahuan Desert grasslameathatmay havesignificant
conservation value and could be threatenBae sameampling design and methodology were
employed in these areas as in other GR@RBough limitedandowner cooperation in Marfastricted
surveys to a relatively small proportiontbe landscape

METHODS

Study Design

We used a grid of roughly 3818 knt cell blocks to create a sampling frarfer Chihuahuan Desert
grasslandandGPCAs. Potential samples were cells that intersected with GPCAs and had at least 5 km
of road access to grasslands as identifigtie GIS (INEGI 2003) Due tolimited grassland area within
someGPCAs we added additional cell blocks the sampling podhat met the aforementioned criteria

but were outside the boundaries of the GP@Aeach sampling block we established randomly

numbered points at 500 m intervals along roads intersecting grasslands, and established six paired
transectsn each block, starting at the three lowest numbered points that met our habitat requirements of
native grasslands with <25% shrub cover. This sampling design was described in detail by Panjabi et
al. (2006) and modified by Levandoski et §008.

In order tomore thoroughly cover the available grasslandbe Chihuahuan Deseand in the area of

each GPCA, wadded two additional large grassland areas, Marfa and Lagunas del Este, into the

! In the past we have referred to the Mexican portionbfi s GPCA as fiSonoritao, due to a
we used to establish the sampling design.
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sampling frame and expanded our sampling effort in two other GPCAs in ¥08@dded threrew

survey blocksn Sonoitaone in El Tokig 14 in the Marfaareaand 13 inLagunas del EsteDue to
accessibilityconcerns, technicians in Valles Centrales replaced one block near Villa Ahumada that had
been surveyed in 2008. In Magintechnicians replaced two blocks duénsufficientgrasslandarea
Thesechanges brought our totshmpling effort in 2009 to 682Km transects in 112 samplitdpcks in

10 grassland regions (Figure 2).
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Figure 2. Chihuahuan Desert grasslar{dsown in green)GPCA boundarieandblocks surveyed in 2009

Line-transect Protocol

Our bird survey methodolodpllowed Buckland(2001) modified slightly forthis study as described by
Panjabi et al. (2007nd Levandoski et a(2008) We initiated surveys on January"#nhd ended on or
before March 5, with theexception of Marfa where transects were conducted through M#/eh.
paired six on&kilometer line transectsithin each block, with each pair starting fromaadom point
along a roadnd heading in opposite directions perpendicular to the rosal fewoccasions where
available grasslands were limited within the survey blockgdmeot pair transectsDuring the course

of the day, each pair of technicians surveyed the six transects in each block starting at sunrise and
continuing until completion, wkh was generally before 1300 hours. Sometinhgs to weather, road
conditions, and variability in the time needed to compbetd bird ad vegetation surveysnishingall
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transects within six hoursas not possibleWe recorded att and end times feachtransecsurvey.

We used Beaufort scalesdategorizeatmospheric conditions (sky, wind, precipitatiett.) at the start
and end of each transedVe did not conduct surveys during wirfugher than category 4 (228 kph)

or during anyprecipitation greater than drizzl&®/e noted incidental observations of a subset of priority
speciebservedn between transects gachsurveyblockin order to provide a more complete
inventory of grassland birds in each survey bl(sgde Levandoskital. 2009.

From each starting poirtechniciars usedsarmin Etrex Vista GPSunitsto establish the end point of

the transect 1000 m away and maintain their position on thevhite conducting the survey

Observers used a sighting compass to halgcsa point on the horizon that corresponded with the
direction of the transect end point, and used this bearing to help visualize the transect line in front of
them. Observers recorded all birds detected during each survey and used laser rangeéistiese
lateral distancefom the transect line to each bird or bird cluster detecBdt clusters were defined as
groups of two or more individuals of the same species occurring within 25 m of the first individual
detected.For each detection, wecorded the cluster size, detectioathod Yisual,song, call, wing

noise, pecking/drumming, or other), and transect segmiegrte the bird was locatedi @60 m, 250

500 m, 500750 m, or 7501000m). If observers encountered a major obstacle, such iaseanational
border, cliff or other impassable terrain, or if the transect would otherwise bisect a large area (>250 m)
of nongrassland habitat, they turned the transeci®@°randomly chosen directido avoid the

obstacle. This affected nearly @ftransects in 2009.

VegetationProtocol

Due to timeconstraintdor data collectionwe changed our vegetatisamplingprotocol fromthe 2008
protocolthatuseda modified lineintercept approach wampleground and shrub cover parameters
(Levandogi et al. 2008) to ona 2009that reliel on ocular estimates of tsesame parametelsy

trained observerss n or der to minimize potential bias and
trained observers in estimating vegetation cover on plots where all parameters had been either measured
directly or estimated through quantitative samplidgq amalysis ofshrub cover estimatésom 2008

and 200singthe twodifferentapproaches revealed no significant differences in @8&€As(Panjabi

in prep). A comparison of ocular vs. quantitatbanpling methods fahe same ground and shrub

cover parameters in shigrass prairie in Colorado found that ocular sangpprovidessimilar results

(i.e., within 2%)as quantitative sampling for grass and shrub cavieereas ocular estimates of bare

ground were 5% higher than quantitative estimateslocular estimatesf6 ot her 6 67%ver we
lower than quantitatively sampled estimateanjabi in prep.)These findings suggest that ocular

sampling of vegetation cover parameters provide a reasonably accurate picture of grassland vegetation
conditions.

In 2009we estimated vegetation parameters at 10-saimpling stations at 100 m intervals al@aghl

km bird transecfFigure3). These surveywsere conducted immediatelgllowing eachbird survey At

each suksampling station @ made ocular estimates of ground caovighin 5 m radius circular plots.

To estimate ground covegchnicias looked direcyl down to the ground out to 2 im four cardnal

directions, estimated the perceotver in each direction, averaged these, and then extrapolated the
estimate out to B, adjusting it only for obvious and large varianc€sound cover estimates were
broken down into four categories: barUptoghreeund,
6ot herd ground cover typeoderafdomieanczed ®hhefdedoand
categories were: loose vegetation, cactus, woody vegetation, rock, yucca, animal excrement, and
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cryptobiotic crust. Average height was recorded for grass and herbaceousSiuvdr cover was

estimated within 50 m of eachrspling station using a similar approachhe habitat assessment also
included characterizations of landsedgvel site attributes includingpography(flatland, rolling hills

foothills, montane valleys, desert valleys, steep slapesa to@nd unevetterrain),adjacent habitats,
landownership, and dominant grassland type(at ur al 6, h aic,ingubed dorexotic gy ps o
grasslands)Presence or absence of prairie dogs was also recorded.

1000 m
/-’_5 m radius (ground cover, i_.e., grass, \N\\
bare ground, herbs, other, etc )
50 m radius (shrubs, trees)
e e e N o e . e e sem— s ",,..-.,_
L3 o+ \ 4 L &, . ¥ - L \ a4 - - ¥ L \
l", ‘\ ‘r ‘l. 4 a \! “ g ‘l i’ ‘\ l‘Ill ‘l l" ‘i i" ‘l
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50 m 150m 250 m 350m 450m 550m 650m 750m 850m 950m

Figure 3 Design of vegetation survey transectsgosund and shrub cover.

Training

We held a mandatory wedéng training session for all technicians to explain, practice and review all
field protocols. Mosttechniciars also participated in a voluntageeklong effort to capture and band
grassland birslprior tothe trainingfor another projectThe great abundance of grassland birds around
Janos in 2009 contributed to the ease and effectiveness of the training. Together with feedback
incorporated from podteld season questionnaires in 200& lage number and diversity of birds
presenhelpedus deliverour most successftiaining progranyet.

As in previous yearsye conducted extensive-class and field trainingln-class trainingutilized

PowerPoint presentations and hands tocover samjing theory and project design, data collectiod an
analysis, bird identificatioandm st y ear s 6 . We disjrieuted vaitten gratoadls tdetailing

block and transect selectioavian and vegetationsurveysnd a wuser 0 s exacisgpsindet a
laying-out transects with the GPS unit. We also gave out copies of a PowerPoint presentation of useful
identification tips and a compact disc with relevant vocalizations of all commonly encountered grassland
species.

Field training coveredrassland bird identification by sight and sound, lateral distance estimation, site
selection and transect establishme&sagetation sampling and estimation of vegetation param&eSs,
use, as well as thand study of grassland birds captured in mitt.n&/e conducted daily bird
identification quizzes in the field and used mean scores to evaluate anegtttackias 6 b i r d
identification skills over the course of the training program. tédhnicias were required to achieve at
least an 80% averagease across all bird identification quizzes in order to pass the training class and
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conduct bird surveys. We conducted field tests of distance estimation skills by walking along the edge
of a twatrack road and havingchnicians estimate lateral distarfican the edge of the road to shrubs

and other notable objects in front of us. When we advanced to the point nearest to the object, we
measured to the object from the line to obtainatteal perpendiculatistance.Technicias quickly

improved accuracgf theirlateral distancestimation skills in this way. We also conducted mock
transects in small groups so trainees could learn survey procedures and ask questions as they arose.

Data entry
All data was entered directl y blhedatzentymwebsitewas s i n
updated and improved 2009 to improve functionalityser friendlinessand data quality controls.

Density Analyses

All density analyses were perfoettusing program Distance 5.0, Releagd2omas et al. 2006)We

pooled data from 2007, 2008 and 200@@gments p e csangple Sizes and create mawbust

detection functionsWe ran analyses for ajrasslaneassociated species gpecies groups with at least
25independent observatioasross all transects in all yeaBspf 33 species or species groups had < 60
observations Althoughanalysis oflata based on <&hamplesis notrecommended byhe authors
program Distancesome species for which we obtained relatively small sample sizes are of conservation
interest(e.g., Longbilled Curlew, Burrowing Owl, and Sheeared Owl).Thus, given the relevance of

the information on these scarce species, weddddio present density estimatestf@min amanner
consistent with other species that considers detection probability and promdearable measures of
precision, instead of presenting unadjusted indices of abundeioegever, aution should be used in
interpretingthese density estimates asykcial attention should be paid to associated measures of error.

In most cases, we rigittuncatecthe furthest detections (those abdive 8595" percentilg of each
species t@liminateoutliersfrom the dataseind improve model performanc&runcation points were
principally selected using Kolmogorédmirnovgoodnessf-fit tests and visual assessments of model
fit of the detection functionln a few cases, specific truncatipaintswere chosen to correspotal
where detectability dropped to 15% as recommended by Buci2@0d) In a few instances, heaping
of recorded distances around commonly used distdeaps25 m, 50 m, et caused poor model fitin
these cases, we grouped observationsdistance bins to improve performance of modeld used a
chi-square Goodness-Fit test to determine the truncation point

We used global detection functisto model detectability odach species and pestatified density
estimates bfsPCA-Year. We used the followinfunction/expansion combinations to model the
detection function for each bird specidsalf-normal/Cosine, Hazasnhte/Simplepolynomial, Hazard
rate/Cosine antniform/Cosine In general, we used Akagls Information Criterion adjusted for small
sample sizesAICc) to select the highest ranking model (Burnham and Anderson 2002¢n AlICc

was similaramong two competing models (generallghn 2 points), but the variance aroutig
densitypoint estimateliffered substantiallywe considered the default AIC selectiohsequential
adjustmenterms for each model and selected the model with the f@paesneters

We used the delta meth@@owell 20070 calcuate the effect size between yearly global density
estimates Themethod we used to approximate the sampling variance of the effect sizes performs well
when the coefficients of variation are lo@ur application of the delta method assumed the estirohtes
density for each ya& wereuncorrelated However, because our estimates were calculated using a
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common (global) detection function, some degree of covariance likely eyten the degree of
covariance is small, assuming indeperweofdensity estirates will havdittle effect on the results:

var(d - o) = var@) + var@) i 2cov(d df)

When density estimates exhibit large positive covariance, the delta method may overestimate the
sampling variance of the effect sizddnder these conditions,dtestimated effect sizes will be
conservative and may occasional fail to detect a difference when one exists (Type Il Error).

Habitat Relationship Analyses

Habitat relationships analyses were conducted using data collected on 370 transects in thkl 2008 f
seasonl(evandoski et al2008) Data from Valles Centrales GPCA was uséd in these analyses due

to differences in the methodologies used. Although data from the 2009 field season was not included in
these analyses we included these results in this rgperithe neacompleteoverlap in survey

locations and field methatbgies for the collection of the avian data. Further habitat relationship
analyses are planned using the 2009 and 2010 data.

Statistical models were generated using R versiod gRBDevelopment Core Team 2008)e used a
generalized linear model (GLMMcCullagh and Nelder 198%) model the effects of transect
vegetatiorcovariaten bird cluster countsWe were interested in covariate effects and predicting
species response to transect | evel vegetation n
due to correlation with other covariatéd/e modeled the effects dfrass cover dther covell and
Ghrubcovet The quadratic terms of &égrass coverdé and
observe an optimal response in relation to bird abundance. Quadratic relationships are useful in
identifying thresholds at which a continued increiasg parameter is no longer beneficial to the species.
We did not include a quadratic term for O6shrub
cover 6 cont iWeassumedilasthe lclaster.coGount for species had a Poisson (P

or negative binomial (NB) distribution with the expected mean coLas;

Count ~ Pois(t)
Count ~ NB(u d )

The negative binomial distribution incorporates
variance (var(@Gunt) = i +(U%/  (denables and Ripley 200pyesent in count model§Ve evaluated
models for the expected mean cluster coynising a loglink as

log() & fMgr asc9t Fe@iub)+ b

or using a quadratic as;

log(y) &+ Mgrasd)  Hother)  #shidub)

We used a likelihoodatio test to detect extra Poisson variation in the bird count data using a Poisson

distribution versus a negative binomial distribution. A deviance statistic was then performed to test the
adequacy of the disbution used in the GLM(Lawless 1987; McCullagh and Nelder 1989he
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Poisson andegative binomial model was evaluated using the MAS&gues; gim and gim.nb
functions(Venables and Ripley 2002)

We used Multimodel inference to rank competing models and acknowledged model uncertainty using
AIC with a bias correton term for small sample siz&)Cc (Hurvich and Tsai 1989%nd AlCc weights

w; (Burnham and Anderson 2002Modelswereconsidered to be competing if they were within a

& A IcBf <4 The criteria oBe A Ic Betweem-7 corresponds to an approximately 95% confidence set
of models(Burnham and Anderson 2002)nferencesvere made to model averaged GLM parameters
and predictions providing unconditional standard errors and 95% confidence inBuralsam and
Anderson 2002)vhen there was more than one model withincbmpetingset of models. Competing
models with two functional forms of a variable, linear and quadratic, were averagededgpathttheir
equivalent form since averaging a lineaefficientwith a quadraticoefficienthas no real meaning.

We identified vegetation parameters that most strongly influenced species abundance in the top models
as those with 95% confidence intaly that did not overlap zero and where the coefficient of variation
(CV) was less than or equal to 40%.

RESULTS

Survey Effort

Sixteen technicians completed 68Rrh transects in 118urvey blocks in nine GPCAs plus thagunas

del Estegrasslands of stheastern Chihuahu@gblel). The number of transects in each GPCA range

from 18 in Cuatro Ciénegas to 126 in Valles Centrales. Increases in survey effort from 2008 to 2009
included the addition of 76 transects in 13 blocks in Lagunas del Este, §&tsaim 14 blocks in

Marfa, 5 transects in one block in Mapimi, 24 transects in three blocks in Sonoita, and 2 transects in one
block in El Tokio. Ninety percent of transects were finished by 1300 hours, and 97% were completed

by 1400 hours.On averagetechnicians completed eackkt line trangctin 54+16.3minutes

Table 1. Annual survey effort in each ChihuahDesertGrassland Priority Conservation ArEaPCA).

Grassland Priority . 2007 2008 2009
. Abbreviation

Conservation Area Blocks Transects| Blocks Transects| Blocks Transects
Cuatro Ciénegas CUAT 3 18 3 18 3 18
Cuchillas de la Zarca CUZA 16 24 16 96 16 96
Janos JANO 13 73 13 78 13 78
Lagunas del Este* LAGU 13 76
Mapimi MAPI 12 23 12 71 13 76
Marfa MARF 14 78
Sonoita SONO 2 12 5 36
El Tokio TOKI 9 9 7 60 8 62
Valles Centrales VACE 21 58 21 126 21 126
Valle Colombia** VACO 4 5 6 36 6 36
All GPCAs 78 210 80 497 112 682

*Lagunas del Estwas not selected as a final GPCA by CEC and TNC (2005).
**Most sampling locations andiata from 200%verenot retained due to atier realignment of GPCA boundary

Bird Density and Distribution
Techniciangecordeds5,276birds of126 species through3,317independentbservations (Appendix
A). This figure is 246% higher than the total number of birds recorded in 200&a(highemwhen
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adjusted for increased effort). The average number of birds recorded per transect in 2009 was 95.7.
Vesper Sparroyall scientific names given in Appendix Ajas by far the most widespread and
commonly encountered species, watb43observations 060.68% of transect surveyChestnut

collared Longspuwas themost numerous species obserwath 15,246 individuals counted on 23% of
transects.

We estimated arual densities fo83 grasslaneassociatedpecieor species groupscluding19

priority specieswithin and across all GPCAs (Appendix B). Across all GPCAs, 52% of species and
species groups analyzed stemlgome significant change in global densitywzen 2008 and 2009

(Appendix C). Of those, 9% (3) decreased and 42% (14) increased. This compares to 42% of species
with significant changes in density between 2007 and 2008. Of those, 24% (8) decreased and 18% (6)
increased. When analyzing densityaobes across the duration of the project (208009), we

observed 33% of species showing a significant change in density. Of those, 6% (2) decreased and 27%
(9) increased.

Of the eight species and species groups (Mountain Bluebird,dBlayed Spawow, Grasshopper

Sparrow Ammodramuspp, Ammodramuspp and Savannah Sparrow, Savannah Sparrow, and Vesper
Sparrow) that declined from 2007 to 2008, only Mourning Dove did not show a significant increase

from 2008 to 2009. The three species that ine@&®m 20072008 (Scaled Quail, Rediled Hawk,

and Horned Lark), also decreased from 2008 to 2009. There were no species or species groupings that
declined from 2007 to 2008 as well as from 2008 to 2009. Similarly, there were no species or species
groupings that increased across both pairs of years.

Several species or species groupings did not show significant changes in density between two successive

years, yet did show a significant change from 2
Chipping SparrowSpizella sp.and Eastern Meadowlark) and two showed decreases (Mourning Dove

and Mountain Bluebird). Apparent increases in
reflect, in part, | mproawslitesesnts in observersoé id

We did not detect significant changes between anywia&comparisos among years for seven

species. For four of these species (Whaited Kite, Longbilled Curlew, Burrowing Owl, and Shert

eared Owl), the inability to detect any changedansity may simply reflect small samples size and high
variance. However, three species (Northern Har
have relatively stable population densities across the region during the three years.

Nearly allspecies showed int@nnual changes in density in one or more GPCASs, but a thorough
treatment of these changes is beyond the scope of this report. However such an analysis is planned.
Nonetheless, patterns of distributional shifts were evident for spemes, and in some cases, were
shared by similar species. From 2008 to 20@9documented general northwest to southeast shift for
several species, including Northern Harrier, American Kestrel, ®aoed Owl, Horned Lark, and
Chestnuicollared Longpur. Savannah Sparrow occurred in very high density in Valle Colombia and
relatively low densities elsewhere in 2009, possibly indicating that the bulk of their population wintered
further to the north and/or east than in 2007 or 2008. Lark Bunting hagh density in Janos in 2007,

but was not present in large numbers anywhere within our survey region in 2008. In addition, Lark
Buntings were abundant in Mapimi in 2009, but scarce elsewhere.
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Habitat Relationships

We developed GLM models fof7Ispeces:Scaled Quail, Northern Harrier, American Kestrel
Mourning Dove, Sayods EhHhoahuaerRaveloggedhéad kSh i Sipk ag
Claycol ored Sparrow, Brewer s Sparrow, Vesper Sp:
Grasshopper Spamo, Bai r d 6 s S ydlared bowgspurCdne Eastemnuvteadowlark. The

Poisson distribution was used in the GLM for one species, American Kestrel.

Consistent with our expectatigrshirub covepositivelyinfluenced the abundance of Scaled QuaAil.
competing models containstirub covefw.[j]=0.95)suggesting an important relationship between
Scaled Quaidbundance and shrub co@ppendix D) and he model averaged parameter estimate
indicatedshrub cover had large positive effectTable 2,Fig. 4. The most parsimonious modsko
includeda modeseffect ofgrass covefAppendix D) although the standard error was large (Tahle 2)
The second bestadel included other covéutdid not improve the log likelihooAppendix D)and
theconfidence intervdior the parameter estimate included z@rable 2). The quadrataoefficient
estimate ofjrass cover wagositive, making it an implausible relationship with bird abundance

Table 2. Model averaged GLM vegetation paransgtdiuencinggr as s | and b i winterabupdarnce. e s 6

Species
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n (# of observations)| 98 42 | 313 | 135 | 58 | 128 | 64 | 452 | 61 | 214 | 222 | 113 | 173 | 122 | 34 | 51 | 692
Estimate 1.35 9.13| 2.36 | 5.29 | 2.41 7.77| -28 | -0.7 | 043 | 0.86| 2.8 1.18 | 2.23 | 1.04
Grass Std. Error 0.53 251|061 137 | 141 1.48 | 059 | 1.09| 0.41| 0.73| 0.76 0.52| 1.25| 0.89
LCL 0.3 421 1.16| 259 | -0.4 4.87 -4 -28 | -04 | -06 | 1.31 0.15| -0.2 | -0.7
UCL 2.39 14.1| 356 | 798| 5.18 10.7 | -1.7 | 1.43| 1.23| 2.3 | 4.29 221|469 | 2.78
Estimate 0.54 -32 | -02| -34 | 759]| -16 -7 27| 98| 35| -76| -71| -22 | -1.1 | 535| 1.63| -12
Grasé Std. Error 253 | 123] 295| 6.57| 6.88| 488 | 7.39| 3.12| 6.14| 2.2 | 384 | 401 | 525| 264 | 5.6 | 443 | 2.44
LCL -4.4 -56 -6 -16 | 59| -26 | -21 | -88 | -22 | -78| -15 | -15 | -32 | -6.3 | -5.6 | -7.1 | -17
UCL 55 -7.8 | 554|951 | 211| 65| 748| 3.39| 224| 0.84| -0.1 | 0.72| -12 | 4.07| 16.3| 10.3| -7.1
Estimate 0.63 8.89 3.42| 2.63| 2.09 -0.4 (103|161 225|019 1.17| 1.34| 1.03| 2.46
Other Std. Error 0.65 | 2.82 1.63| 0.98 | 1.68 1221 0.28| 0.84| 0.86| 1.02| 059 | 15 | 1.02| 0.54
LCL -0.6 3.36 0.22| 0.71| -1.2 -2.7 | 0.48 -0 057] -1.8 | 0.01| -1.6 -1 1.41
UCL 1.9 14.4 6.61 | 4.55| 5.39 2.02| 157 | 325| 3.94| 2.19| 2.33| 4.27 | 3.03| 3.52

Estimate | -1.17* | -11 | -13 | 41 | -16 | 1.02| -10 | -19 | -36 | -21 | -83 | -11 | 2.36| 0.14| -4 -10 | 1.84
Othe? Std. Error 363 [ 109]402| 116| 932|499 956| 41 | 65 | 251|458|531|553|315| 781 6.77| 2.77
LCL -8.3 -33 | 21 | -63 | -34 | -88 | -29 | -27 | -16 -7 -17 | 22 | -85 | -6 -19 | -24 | -3.6
UCL 594 | 102| 55| -18 | 248|108 828 | -11 | 9.1 | 281 0.73| -0.9 | 13.2| 6.17| 11.3| 2.78 | 7.27
Estimate -7.5 -7.3]1656| -15 | 206 | 06 | -11 | -25 | 9.94| 2.04| 414 | 163 | -11 | 297 | 15.7| -27 | 0.09
Std. Error 3.34 | 826|249| 6.3 | 528|365| 7.1 | 3.86|4.47|1.75|3.14| 3.16| 4.67| 221 | 4.73| 846 | 2.12
LCL -14 -24 | 167| -27 | 103| 6.6 | -25 | -33 | 1.18]| -14 | -2 46| -20 | -14 | 637 44 | 41

ucl 09 |886|115| 27| 31 | 7.75| 324 -18 | 18.7| 547 | 10.3| 7.83| -2.1 | 7.31| 249 -11 | 424
Strongly influential parameters identifiedbield; n=number of independent detections from 2008 used in the analyses;
?Indicates quadratic functiohCL i 95% lower confidence limit; UCKL 95% upper confidence limit

Shrub
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The top moel for Morning

Brewer's Sparraw Clay-colored Sparrow Scaled Quail

Dove included one covariate, the ol
guadratic of other cover g © N
(Appendix D). There was nearlyz ° 20~

equal support for the second best - 20~ .

model, which included the
guadratic of other cover and
grass covere A 1c£D.26).
Shrub cover and the quadratic of
other cover were selected in the
third best modelee A Ic€D.51).
All covariate coefficients had
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and included grass cover and th
guadratic of other cover. The
third best model incluedd shrub
coverbutdid not improve the

log likelihood (Appendix D)
andtheconfidence interval for
the parameter estimate included zero (Table 2). Based on model weights, the quadratic terms for grass
cover (W[j]=0.6) and other cover (¥j]=0.8) had moe support than their linear terms.{j}4=0.11and
w.[j]=0.31, respectively. Howeverthe coefficient of variation was smaller for the linear covariate
coefficientsof grassandother cover than their corresponding quadratic terms (Table 2). The effect f
shrub cover was not supported as the confidence intervals included zero (Table 2).
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| | | | | | | | | |
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Shrub cover Shrub cover

Figure 4. Effects of shrub cover on wintering grassland bird abundanc:
2008.

The best model for the American Kestrel included grass cov§i£®.64) and shrub cover (j]=0.78,
Appendix D). The second best model included other cover whiamodignprove model fit and the
confidence interval for the effect included zerdheThird best modeéhcluded the addition of the
quadratiocof grassbutalsodid not improvehemodel fit There wastrong support for a smalbsitive
effect of grass oger (Table 2, Fig5). In contrast to the Northern Harrj¢ghere was a negative
relationship withshrub coverandalthough theconfidence interval around the parameter estimate did
not include zero, thetandard error was larg€able 2). The quadratic term for grass cover was positive
and was not viewed as a meaningful relationship with bird abundance.

The most parsi monious model for Sayod6s Phoebe in
(Appendix D) Both ofthese hadmallpositive effects on abundan@though standard errors were
large(Table 2).
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Horned Lark Chestnut-collared Longspur Grasshopper Sparrow

The top model for Loggerhead - - 74
Shrike included one covariate, o
the linearterm of other cover
(Appendix D). The quadratic
of grass cover and the linear
term of other coverwereinthe . L L L L L L Lo
second best modedgA IcC

2061) The th”.d beSt model Brewer's Sparrow Morthern Harrier American Kestrel
included the linear terms of 2o °7]

grass cover and other cover
(ee A 1c€0.84) but did not
improvethe model fit. The ., N

model averaged parameter A T e ., e
estlmates Indlcatedgna” o0 0.z 0.4 05 o.g o0 0.z 0.4 06 o.g o0 0.z 0.4 06 0.z
pOSitive effecffor other cover Savannat Sparrow VEesper Sparrow Eastern Meadowlark
(Table 2, Fig. pand a marginal _ ++- 7 10

effect for the quadratic of grass & | -

(Table 2). Other cover had a
moderate probability of
occurring in the best model
(w4[j]=0.58).

Grass cover
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The top model for the
Chihuahuan Raven included th
linear term of other cover
(Appendix D). There was weaks --

af cludPrs
2
|
1)
[=]
|

g 05—
support for models that 2 e
included shrub cover
(w4[j1=0.25). The second best Grass cover Grass caver

model included the quadratic Figure5. Effects of grass cover on wintering grassland bird abundance

of other coverg A 1c€1.09 2008.

but did not improve the model

fit. The covariate coefficients had large standard errors and small effect sizes (Tabgsting little
importance of any of these variahles

Horned Lark had little model selection uncertainty with two competing leodée top model

(w4[j]=0.66) included grass cover, the quadratic of other cover and shrub(@pmendix D). The

second best modéde A 1c€1.36)included the quadratic of grass cover, the quadratic of other cover and
shrub cover, however the additiohthe quadratic of grass cover did not imprédwe log likelihood, and
based on model weightthe top model was 5 times more likely than the second best if#qusndix

D). There was strong support flarge negative effect aghrub covefFig 4.), amodest negative effect

of grass cover (Fig. 5), andageeffect of the quadratietm of other cove(Fig. 6).

The top model for Spragueds Pipit included on
model(ae A Ic€D.23)included the quadratic of other cover and shrub cover. The third top model
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linear term of grass cover and ra] 05

shrub cover, howevet did not =]

improve the log likelihood and it
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the model All competirg o2 »

10 0.6 —

LER
04—

05—

04— — 0.5

Mumber of clusters

models inCIuded Shrub Cover DID 0‘1 DI2 DIS DI4 Dlﬁ Dlﬁ DI?' DID DI1 DI2 DIS DI4 Dlﬁ D‘ﬁ DI?' DID DI1 DI2 DIS DI4 Dlﬁ Dlﬁ DI?'
(W+[j]: 1) and mOdeI averaged Morthern Harrier Loggerhead Shrike Eastern Meadowlark
parameter estimates indicated 12 12

10— 10—

strongsupport for a large
negativeeffect of shrub cover on
Spr aguebusdariee pi t

08— -
0s - T=) 1.0 —

06—

- [ T
04— L IRE 05—

Mumber of clusters

(Table 2, Fig. % There was 0.2 SR 0s 8 .

Weaksupport for a Sma” 0004 02 035 0405 06 0F 00 04 0Z 03 04 05 06 0O7F 00 01 02 03 04 05 06 07
. Other cover

pOSItIVE Effect Of gI’aSGOVE,‘rand Baird's Sparrow “ESper Sparrow

the quadratic of other cover 357 -

30— & —
25—

although the standard ersor
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cover was positive so it was not ~ owercover  Otercover

viewed as having a meaningful

relationship to bird abundance. Figure6. Effects of other ground cover on wintering grassland bird
abundance in 2008.

5 —
Z0—

a-—
16—

5 —
1.0 —
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Murmber of clusters

, _ EmEE

Theabundancef sparrows

(Emberizidaewasusuallyinfluenced by shrub coveall speciee x c e pt Vesper Sparr o\
Sparowcontainedls hr ub cover in their tops8pardoebndCladyppendi
colored $arrow were positively influenced by shrub cover, although the effect size was more than three
times greater in Clagolored (Table 2, Fig. 4). There wasabtrong support for a positiaad

moderately largeffect of shrubs on Lark Bunting abundance (Table 2). Savannah Sparrow and
Chesgnut-collared Longspur showed tlopposite effegtabundance of both these species was strongly
negatively influenced byhsub cover (Table2)Model s f or Grasshopper and
weak evidence of a negative shrub cover effect apdrameter estimatead largestandard errors and
confidence intervalthat included zer¢Table 2). Vesper Sparrovbundance did not appear to be
stronglyinfluenced ly shrub coveralthough it was included in competing models with lower support
(8AlICc>2.05, wj]=.26; Table 2)

Grass cover, in either its linear or quadratierfowas retained in the top modet all Emberizids

exceptLark Bunting There was strong suppddr a positive linear relationship betwetie abundance

of Brewer 6s Sparrow, Gr acsllaréd bgngspuandddagsacove(able 2a n d Ch
Fig.9.Based on model weights, Bairdodos Sparrow had
(Appendix D), however thparameter estimatead narrow confidence intervals (Table 2, Fig. Bere

was strong support for a quadratic relationship with grass cover for Vesper Sparrow, Savannah Sparrow
andB a i srSgairow (Table,Fig. 5. While grass cover was retained in six of the competing models

for both Claycolored Sparrow and Lark Bungr{Appendix D), both the linear and quadratic terms had

large standard errors and confidence intervalsabatiappedzero (Table 2).
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Other cover, in either its quadratic or linear fomasincludedin the top model for five Emberizid

species analyzethcludingClayc ol or ed Sparrow, Brewer s Sparrow
and Chestnutollared Longspyrand was retaineid competing models for all other Emberizids

analyzed Appendix D) There was strong support for a large positive effeccofh er cover on
Sparrow and Vesper Sparrow abundance and- a quad
collared Longspur abundance (Tablé). 6.

Eastern Meadowlark had 3 competing mogdalhough each one included the quadratic tergrass

cover, suggesting an optimal grass cover rgAgeendix D) The top model included the quadratic

term of grass cover and the linear term of other cover. There was a strong quadratic grass cover effect
(Fig.5) and a positiveféect for other cove(Fig. 6. The second top model added the quadratic term of
other coverg& A Ic € 2.02) but did not improve model fit.

Vegetation

We averaged the 10 vegetat i on-sanplngstatiomsdotobtaman e s f
average value and isssociated measure of variance for each vegetation parameter on each transect.
These transect level values were averaged again to obtain the values for each GPCA. We did not
include Marfa or Lagunas del Este in these analyses, due to differenceseagdtetion protocol used

in Marfa, and the late receipt of data from Lagunas del Este.

Grass cover was highest in Cuchillas de la Zarca, Janos, Sonoita, and Valles Centrales (Figure 7) while
bare ground cover was highest in Cuatro Ciénegas, Mapimi, arakiél (Figure8). Valle Colanbia
had the tallest grass and forbs (herbaceous) heights whereas El Tokio had the lowest (Figure 9).

20
70 T
60 - i T
50 4 T T
M Grass Cover

40 T T M Bare Ground Cover
30 - | Forb Cover

T B Other Cover
20
10
]

CUAT CUZA JAND MAPI S0ONOD TOKI VACE VACOD

Figure 7 Average percertf ground covetypes in GPCAs in 2009 (@r bars represent sample
standard errgr
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M % Shrub Cover

B 5hrub Height (meters)

CUAT CUZA JAMO MAPI SOMNO TOKI VACE VACO

Figure 8 Average percerghrubcoverand shrub height (m) in GPCAs in 2009r¢e bars represent
sample standard erjor

&0

W Average Grass Height

B Average Forb Height

CUAT CLZA JAMO MAPI S0MO TOKI VACE VACO

Figure 9 Average grass and forbs heigtin) in GPCAs in 2009 (eor bars represent sample standard
error).

Topography

Two-thirds of grassland study sites in 2009 were in flatlands while roughlyiftim&vere in rolling hills
(Figure 10). The remaining 12.5% were in montane valleys, foothills, steep slopes, desert valleys or
uneven terrain. Most grassland birds were fournduitiple topographic environments, although

several species of high concern, including Aplomado FaMouantain Plover antlong-billed Curlew,
were found only in flatland area3.enadditionalgrasslanagpecies, includin§lorthern Harrier
Ferruginous Hak, Prairie FalconBurrowing Owl,Shorteared Owl, Horned Lark, Clagolored
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Montane Desert
Valley, valley,  Steep Slope, Uneven

6.10% 0.48% 2.57% Terrain,
0.48%

Foothills,
2.57%

Rolling
Hills,
20.71%

Flatland,
66.77%

Figure 10. Predominant topography of grasslanigeyedn GPCAsin 2009

Table 3. Proportionof species observations by topographic landschgssification

Rolling Montane  Desert Steep Uneven  Mesa
Species Flatland Hills Foothills  Valley Valley Slope  Terrain Top n*
Scaled Quail 0.42 0.33 0.08 0.06 - 0.03 0.08 - 36
Northern Harrier 0.77 0.10 0.01 0.08 0.01 0.01 0.01 -- 201
Ferruginous Hawk 0.78 0.14 0.03 0.03 -- 0.03 -- -- 37
Golden Eagle 0.63 0.38 - -- -- -- -- -- 8
American Kestrel 0.43 0.33 0.02 0.16 - 0.05 0.01 - 174
Aplomado Falcon 10 -- - -- - - - -- 2
Prairie Falcon 0.75 0.25 - -- - - - -- 4
Mountain Plover 1.0 -- - -- - - - -- 2
Long-billed Curlew 1.0 -- - -- -- -- -- -- 13
Mourning Dove 0.59 0.32 0.03 0.04 0.01 0.01 - - 390
Burrowing Owl 0.83 0.17 - -- - - - -- 18
Shorteared Owl 0.92 0.08 - - - - - - 12
Say's Phoebe 0.72 0.20 0.04 0.02 <0.01 0.01 <0.01 -- 238
Loggerhead Shrike 0.66 0.18 0.03 0.11 0.01 0.01 - - 296
Horned Lark 0.87 0.06 0.03 0.01 - 0.04 - - 1099
Mountain Bluebird 0.48 0.19 0.17 0.02 -- 0.14 -- -- 42
Sprague's Pipit 0.49 0.29 - 0.16 - 0.06 - -- 106
Cassin's Sparrow 0.47 0.18 - 0.29 -- 0.05 -- -- 55
Clay-colored Sparrow 0.80 0.13 0.01 0.01 0.04 -- -- -- 153
Brewer's Sparrow 0.80 0.17 0.01 0.01 -- <0.01 -- -- 650
Vesper Sparrow 0.62 0.21 0.02 0.12 0.01 0.01 <0.01 -- 2075
Lark Sparrow 0.24 0.68 0.05 0.02 -- -- -- -- 41
Lark Bunting 0.97 -- 0.01 0.01 <0.01 -- -- -- 270
Savannah Sparrow 0.50 0.13 0.01 0.32 0.01 0.01 0.01 -- 1024
Grasshopper Sparrow 0.55 0.17 0.02 0.22 <0.01 0.02 0.01 -- 413
Baird's Sparrow 0.59 0.38 - 0.03 - - - -- 90
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Rolling Montane Desert Steep Uneven  Mesa
Species Flatland Hills Foothills  Valley Valley Slope Terrain Top n*
Chestnutcollared Longspur 0.88 0.07 - 0.01 -- 0.4 -- -- 542
Eastern Meadowlark 0.60 0.25 0.02 0.09 -- 0.03 <0.01 -- 432
Western Meadowlark 0.63 0.12 0.02 0.10 0.05 0.07 0.02 -- 264

*n reflects 2009 observations

Sparrow, Brewer'Sparrow,Lark Buntingand Chestnutollared Longspuhad at least 75% il

observations in flatland areahline species, includin§caled Quail, Golden Eagle, American Kestrel,
Prairie FalconMourning Dove, Sprague's Pipitark Sparrow, Baird's SparroandEastern
Meadowlarkhad at least 25% or more of observations in gradsdasas of rolling hills.

Species Accounts

In Appendix E we provide individual species accounts for grassland obligate and facultative species that
were detected in sufficient numbers to estimate densities. Each account summarizes, interprets and

displays key findings in this report and compiles it in a single location for easy reference.
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DISCUSSION AND RECOMMENDATIONS

Density and Distribution

Wintering grassland bird density and distribution in the Chihuahuan Desert is characterized by

significant variation across areas and over timemémy cases, differences among years and GPCAs

may not necessarily refle¢tr ends i n popul ation size, but rathe
wintering distribution. Qualitativesynopses of inteannual changes in specispecies density and

distribution are given in the species accounts in Appendi& Egorous analysis ahese patterns calil

reveal important ecological patterns, especially in relation to climagetatiorand other

environmetal factors but isbeyond the scope of this report

Insight into patterns of wintering density and distribution is imporahbnlyin identifying core

wintering areas for specids,it alsoin identifying peripheral areas that may be used less regularl
Insufficient habitat irperipheral areasould limit populationsvhen species are forced to expand beyond
core areasUnderstandinghe proximate and ultimatiactorsthatdrive such population shiftdow

these factorselate toclimate changeand haev birds will respond to these changesimportant next
stesin identifying and prioritizing grassland areas for protection and manageiehe absence of
such insight,lte observedigh spatiotemporal variability in winter distribution and abundapgeears

to support strategy that includesbroad geographic network of protected and-welhaged grassland
landscpes in the Chihuahuan Destrtonservewintering habitat for the fudiversity of North

Amer i c a6 sdepgndensbirds.a n d

Habitat Relationships

Our analyses of 2008 bird abundance and vegetatimr mvealed that shrgbwerea common factor

limiting winter abundance of several specie€mhuahuan Desertgrassttn i ncl udi ng Spr e
and Chestnutollared Longspurtwo that are experiencing steep population decliaser et al. 2008)

Horned Larkand Savannah Sparrabundance asalsostrongly negatively affected by shrub covas

wereGr asshopper and Bair doés . MoprdainPloversvadetactedbteoi t mor ¢
infrequently to analyze using GLMs, but average shrub cover on sites werendit in 20072009

was less thaf.28% (RMBO unpublished data). Ofirdings highlight the importance @hihuahuan
Desertgrasslandsvith few or no shrubtbors ome of Nort h Ameri cads most

Grass covemfluenced the abundancesygecieperhaps moréhan any othr vegetation parameter

Thirteen species analyzed had grass cover retained in the top model, and two more had giass cover
competing models withiee A I1c€D.3. Only one spee@s, Horned Larkhad a negativeelationshipwith

grass cover Thus grass cover is a key parametteait positivelyaffects habitat suitability fomost

species ofrassland birds in winterAlthoughour analysis does not real the causes of thissponsg

grass may provide food (i.e. seeds), roost and escape shade, and habitat fprey. Average grass

cover in Chihuahuan Degé&sPCAs ranged from roughly 265%, although Cuatro Ciénegas, Elkio

and Mapimi all had average grass cover below 30%. Based on our findings, this level of grass cover is
insufficient tosupportspecies likeB a i r d 0 ss, BgsshoppeopSparrewr Chestnutcollared

Longspus.
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60t her 6 cover armyaeable andng thetopanodels fgrrmarfy specées, but due to the
nature of this combined category it is difficult to interpret what about this variable was important. We
suspect that in some cases herbaceous vegetation may have been driving theshiedatidchile in

other cases it may have been something else, such as edbdy ground coverVegetation data

collected in 2009, when herbaceous vegetatias estimatedeparaty f r om 6ot her 6 gr our
types, sugest that up to half the othground cover estimates in 2008 may have been herbaceous
vegetation (Figure 7)However, the proportion of other cover represented by herbaceousagedr

by GPCA, and herbaceous vegetatorermayvary across years A further divisio
ground cover category was implemented in 2010, separating duff from the remaining ground cover
types. Tumbleweeds@lsolasp.) was also separated from herbs in 2010, due to its distinct growth form
andabundanseedghat are a potential food source for ®birds When analyzed, these data should

help identify what other ground cover types are important for various species.

Management and Conservatitmplications

A large proportion o€hihuahuan Desegrasslandsiavebeen impacted by shrub encroachmenobr
grazingmanagemenr farming and as a result, grasslands with high grass cover and low shrub cover
are uncommonlincreasing grass covand reducing shrub covérrough restoration and appropriate
management should increase carrying capéeitgrassland birds the Chihuahuan Desert and should
thereforebe a priority. These conditionwiill not only serve the nels of declining grassland birtsit

also those of livestock producers.

Because vegetation parameters were averaged ovet-#acttransect, and bircesponse wasxamined
at thatscale,it is important to note that the specieabitat relationships identifie@flectbird abundance
andhabitat conditiongtthis largerscale, rather than at tipeeciselocations where species were
observedMany transectsovered a range of grassland conditions, including both shrubby and open
areas, andane species may have been responding to habitat structure at smallerdoakibeless,
this lroader view of habitatustability should be useful frommaulti-specieslandscapescale habitat
managemernperspective

Successes

Improved Training

The 2009 training session greatly benefitted from a concurrent RMBO project focusing on overwinter
survival and home range use of grassland birds. Most technicians were aslsttmahe mishetting

and banding of more than 250 grassland birds of over a dozen species the week prior to the official
training session. The additional time in the field, combined with significamama observation, aided

in the developmentofteh ni ci ansd® identification skills.

Each year we have conducted a gadtl season survey of our field technicians seeking feedback on
many aspects of the program, especially the training. The overwhelming majority of responses have
indicated that the tnaing has been effective, but based on the feedback we spent more time on field
identification of birds and review of the vegetation protocol in the 2009 training.

The continued high rate of return among institutions and individuals, coupled with &namiat, has
undoubtedly contributed to a decreasing rate of unidentified birds on surveys. The average number of
unidentified birds per transect in the seven most common categories of unidentified birds (Unidentified
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Bird, Unidentified SparrowSpizela sp, Ammodramus sp., Ammodramus/dpasserculus

sandwichensis, Calcarius spndSturnella sp.were 10.4 in 2007, 2.9 in 2008, and 2.4 in 2009. While

the 2009 rate may still seem high, it represents only 2.5% of all individual birds detected.cidashni

are instructed t o nev e thusgcoasianswherapostivehdentifitadian isinat e n t
possible are unavoidable.

Expanded Effort

In 2009, we increased our sampling effort by 37%, adding two major grassland areas into king samp
frame (Lagunas del Este and Marfa), and adding additional samples in three others (Mapimi, Sonoita
and El Tokio). This expanded regional coverage improves our ability to evaluate species distribution,
abundance and int@annual movements and identkgy areas and habitats for conservation.

Outreach

The Chihuahuan Desert grasslapidd monitoring provides an excellent opportunity to conduct outreach
to private grassland owners and managers during visits to request permission to survey on psvate land
As in 2008, we provided each landowner or manager with a summary of the bird data collected on their
property the year bef or e BolséldparaAges dePastinal deDesiertpy o f
Chi huahuenseo ChéhuapuarcDest grasgantirdse By pooviding these resources we
hope to increase landowner awarermsbe grassland bisdon their propertgndtheir conservation

status and needsl'he pocket guides have been especially popular and usefallsahadve been

distributed to rancthands, ejiditarios (members of communally owned properties), students and other
interested parties. In 2009, approximately 500 were distributed in Janos, 260 ini N2&ginm

Cuchillas de la Zarca, 26ftween the GPCAs of Valle Caoidia, Cuatro Gdnegas, and El Tokio, 120

in Valles Centrales, and 60 in Sonoita. Fiwendred pocket guides were also given to managers at the
TNC El Uno Ecological Reserve in Chihuahua to distribute to partners and use in environmental
education effortsThe pocket guides served well as a conversation starter and technicians frequently
engaged locals in conversation regarding which birds they had each seen on a property, what
conservation status each bird had and what type of habitat they requireprodhetion of the pocket

guides was made possible by funding from the USDA Forest Service International Program, The Nature
Conservancy, and Pronatura Noreste, A.C.

Additional Research

We devoted two days to evaluating grassland bird respomtseo restoation projectsione bythe

Cuenca Los Ojos Foundation (CLON their San Bernardino Ranchrinrtheasterisonora We were

amazed to find that after three years, the restored tracts of grassland, which previously had been desert
shrubl and fAiwftgoatsa, bhawesupported a | arge nun
species such as Bai r doWeld®pfarwarddovconanoimp cQlpboraegithe 6 s F
CLO and other organizations conducting grassland restoratievaluate the sucss of restoration

projects andurther the science behiridis important activity in the Chihuahuan Desert

Challenges

Habitat Loss

Agricultural expansion in the Chihuahuameg$rt appears to be increasing at an alarming rate. Although
rates of conversioare not available, many large ranches, especially in Chihuahua, have recently been
purchasedr leasedy farmers and converted to cropland. Since 2005, agricultural expansion in the
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Valles Centrales GPCA has lead to the near extirpation of the AploRsdcion, a flagship species for
high-quality grasslands. The massive agricultural expansion has also forced us to reselect a significant
proportion of our samples each year in order to keep our sampling effort in grasslands. We have
observed the conversiaf grassland to cropland on our randomly selected study sites in Janos, Valles
Centrales, Cuchillas de la Zar¢d Tokioand Mapimi. As a result, we have been forced to replace
transect sites and even entire sampling blocks. While such replacemamipdés limits our ability to

identify population trends in wintering bird populations, trend estimation is not a primary goal of this
program. Continued and expanded sampling of grasslands in the GPCAs will better help us identify key
sites and &bitats or priority speciesunderstand spatiotemposadriation inpopulation dynami¢gsand

guide strategic habitat conservation for wintering grassland birds in the Chihuahuan Desert.

Timing of Surveys

The annual timing of surveys is important not only in ¢joes of detectability, but also in regards to
population dynamics. Wintering grassland bird density should decrease over the winter due to loss of
individuals to predation, weather and other sources of mortality. However, birds may become more
detectab# as spring approaches and local population size may change due to the influx and egress of
migratory individuals. Teasing apart these potentially confounding effects from real differences in
population size becomes more complex if the annual timingreégsi is not relatively constant.

Similarly, densities estimated in one area may not be comparable to densities from another area if timing
is not also comparable. For this reason we try to ensure that all surveys are completed within a fairly
narrow wirdow of time from midJanuary through February. Surveys from all GPCAs except two were
conducted during this sampling window. Surveys conducted in Lagunas del Este and Marfa were
conducted partially in December and March, respectivi# will strive to mprove the consistency of
timing of surveys among the GPCAs in future years, although some adjustments to the sampling
window may be needed if survey effort increases substantially.

Access

In most places in Mexico access to private lands was not an idsweever, in Texas observers were
forced to survey grasslands on only a small portion of the available habitat where landowners granted
permission. Still, the same sampling design protocols were applied, although the survey blocks and
random points that @&re available were limited to those where permission had been gr&ues:
Chihuahuan Desert grasslaaas were inaccessible due to safety concerns. In particular, the
mountainous regions of Chihuahua and Durango, and areas along the U.S. borderaraSd

Chihuahua pose significant challenges for conducting field work. We rely heavily on local partners in
evaluating risks and determining survey plans. As of yet partners feel it is still possible to conduct the
survey work with minimal risk.

Annual survey effort and extent

Each year the number of transects we have surveyed has increased, and the extent of the study area has
changed. These changes in effort complicate interpretation of the results for some species.

Vegetation Protocol

Vegetaton surveys in Lagunas del Este followed the protocol from 2008. This was tithgestart of
surveys in Lagunas del Este in December, well before the start date of Jafltgt 19e rest of the
field teams observed.
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Analysis

As mentioned earliego-variance exists in the calculation of effect size for annual global density
changes. The presence ofvariance is due to the fact that each global annual estimate of density uses
the same detection function, created from data across all yearsugiithis influence is likely minimal,

it has not been accounted for due to time constraints. We will seek to address this issue in the future.
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APPENDIX A. NUMBERS OF BIRD SPECIES OBSERVED IN EACH GPCA FRoM 20072009

(%} 7]
() © o 0 @
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ientifi = < £ o B S & 5 X s @
Comon  Ssemte  vew 22 02f £ fF 5§ F 2 £F §5| vm
°g g= ° & = * & @ >8 7§
O |
Black-bellied Dendrocvana
Whistling- Y9 2009 2 2
autumnalis
Duck
Greater
White-fronted  Anser albifrons 2009 5,192 5,192
Goose
Chen 2008 2,036 100 2,136
Snow Goose
caerulescens 2009 2,985 1 105 3,091
2007 55 55
Gadwall Anas strepera 2008 4 4
2009 17 17
American Anas 2008 7
Wigeon americana 2009 6 1
2007 4 21 25
Anas
Mallard platyrhynchos 2008 1
2009 2 3
Blue-winged Anas discors 2007 2 2
Teal
2007 130 130
Northern
Shoveler Anas clypeata 2008 35 3 38
2009 41 353 394
2007 3
N.O rth_ern Anas acuta 2008 2
Pintail
2009 23 23
_ 2007 18 18
?é(;lenwmged Anas crecca 2008 35 35
2009 71 17 88
2007 4 20 24
Anas sp. Anas sp.
2009 10 8 18
i 2008 1 1
Ring-necked Aythya collaris
Duck 2009 23 23
o 2007 15 15
Lesser Scaup Aythya affinis
2008 1 1
2007 1 20 21
Buffiehead ~ BucePhala 5540 40 40
albeola
2009 15 15
_ - 2007 16 10 26
Unidentified A -tinae 2008 1 1 2
Duck
2009 14 14
Common Mergus 2009 5 5
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Merganser merganser
Ruddy Duck ~ >Xura 2009 2 2
jamaicensis
. 2007 22 54 9 25 110
Scaled Quail  C2llipepla 2008 186 95 65 2 5 450 803
sguamata
2009 126 58 42 44 42 14 61 10 398
. 2007 8 8
Gam_bel s Calllpep_la 2008 26 1 27
Quail gambelii
2009 25 25
Montezuma Cyrtonyx
Quail montezumae 2009 4 4
Western Aec_hmoph_orus 2009 31 1 32
Grebe occidentalis
Great Blue Ardea herodias 2009 1 1
Heron
Great Egret Ardea alba 2009 1 1 2
Black Vulture Coragyps 2008 7 7
atratus
2007 57 3 14 75
Turkey Cathartes aura 2008 135 11 47 14 208
Vulture
2009 51 4 56 4 18 139
_ . 2007 2 8
V\(hltetalled Elanus 2008 11 6 5 19
Kite leucurus
2009 5 10
2007 3 34 34 80
Hgﬁ?eerm Circus cyaneus 2008 1 12 76 22 13 60 1 190
2009 17 44 42 32 30 14 39 17 242
) o 2007 1
Sharpshinned Ac_(:lplter 2008 1 1 2
Hawk striatus
2009 1 1
o 2007 1 1
Cooper's ACC|p|tgr 2008 2 1 4
Hawk cooperii
2009 3 4 8
2007 5 2 1 8
Harris's Hawk T arabuteo 2008 5 15 20
unicinctus
2009 3 2 2 8
_ 2007 6 14 23 1 47
Redtailed Buteo 2008 1 32 22 13 34 2 114
Hawk jamaicensis
2009 13 10 14 10 9 8 18 4 93
_ 2007 1 3
Ferruginous Buteo regalis 2008 12 21
Hawk
2009 1 25 2 1 38
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2008 2 1 1 1 1 6
Buteo sp. Buteo sp.
2009 2 1 5
i 2008 2 2 4
Golden Eagle Aquila
chrysaetos 2009 1 2 3 3 9
2007 2 2
Unidentified Accipitrinae 2008 2 3
Hawk
2009 1 3 5
Crested Cara_tcara 2009 3 3
Caracara cheriway
. 2007 8 16 5 2 15 46
American Falco 2008 37 23 10 3 17 16 10 118
Kestrel sparverius
2009 46 15 17 33 17 6 18 15 28 196
2007 4 2 12
Merlin Falco 2008 1 6
columbarius
2009 2 1 7
Aplomado Falco 2008 3 3
Falcon femoralis 2009 2 2
Peregrine Falco _ 2009 1 2 1 4
Falcon peregrinus
2007 1 4
- Falco
Prairie Falcon mexicanus 2008 2 3 11
2009 1 7 1 10
American Fulica 2008 4 4
Coot americana 2009 15 15
_ 2007 163 3 186 352
Sandhil Grus 2008 431 416 1 848
Crane canadensis
2009 69 306 13 388
_ 2007 1
Killdeer Charadrius g 10 2 14
vociferus
2009 1 18 2 24
_ _ 2007 8 8
Mountain Charadrius 2008 23 33 6 62
Plover montanus
2009 9 9
American Recu_rwrostra 2007 10 10
Avocet americana
Spotte_d Actitis _ 2008 12 12
Sandpiper macularius
Greater Tringa 2008 5 7 12
Yellowlegs melanoleuca 2009 1 1
_ _ 2007 12 24 2 1 39
Long-billed Numgnlus 2008 21 57 13 9
Curlew americanus
2009 7 147 2 1 4 161
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Western Calidris mauri 2009 17 17
Sandpiper
Least Calidris 2009 13 33 46
Sandpiper minutilla
Stilt Calidris
Sandpiper himantopus 2007 L L
Eurasian Streptopelia 2007 !
Collared ptop 2008
Dove decaocto
2009 2 10
o . 2007 10 1 1 12
White-winged Ze_na_lda 2008 33 1 34
Dove asiatica
2009 57 2 19 79
‘ . 2007 5 68 797 62 7 774 1 1,714
Mourning  Zenaida 2008 561 391 34 1 72 48 10 | 1117
Dove macroura
2009 452 294 693 219 61 58 14 279 43 2,113
Columbina
Inca Dove inca 2008 15 15
2007 10 14
Greater Ge_ococ_cyx 2008 4 3 3 1 18
Roadrunner californianus
2009 1 3 9 1 15
2007 1 1
Barn Owl Tyto alba
2008 2
Greathorned  Bubo 2008 2
Owl virginianus 2009 2
_ 2007 12 23
Burrowing Athf_ene _ 2008 31 a4
Oowl cunicularia
2009 6 2 3 21
Long-eared Asio otus 2007 1 1
Owl
2007 5 13
gc\ﬁ”eared Asio flammeus 2008 5 1 14
2009 2 13
2007 1 2
Acorn Melanerpes
Woodpecker  formicivorus 2008 L
2009 3
Gila Melanerpes 2008 3
Woodpecker  uropygialis 2009 2 2
Golden Melanerpes
fronted aurifronsp 2008 2 2
Woodpecker
Williamson's ~ Sphyrapicus
Sapsucker thyroideus 2009 2 2
Yellow- Sphyrapicus
bellied phyrap 2007 1 1
varius
Sapsucker
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Ladder Picoides 2007 1 10 12
backed ) 2008 7 7 3 21
Woodpecker scalaris
2009 1 14 6 5 37
2007 17 17
Nprthern Colaptes 2008 o5 2 1 42
Flicker auratus
2009 4 2 17
Unidentified -
Woodpecker Picidae 2008 2 2
Gray Empidonax
Flycatcher wrightii 2009 12 12
. 2007 3
SEFI)np|donax Empidonax sp. 2008 2 2
2009 1 1
Sayornis 2008 3 5
Black Phoebe nigricans 2009 .
2007 1 1
Eastern Sayornis
Phoebe phoebe 2008 s s
2009 2 2
2007 3 8 20 3 19 2 57
Say's Phoebe Sayornis saya 2008 59 8 28 6 17 17 141
2009 68 4 81 109 8 10 25 12 4 322
N 2007 1 1
Vermilion Pyr_ocephalus 2008 1 11 12
Flycatcher rubinus
2009 9 1 3 1 1 15
2007 1 1
Cassin's Tyrannus
Kingbird vociferans 2008 2 2
2009 1 1 2
Western Tyrannus
Kingbird verticalis 2007 1 1
Unidentified L - ¢ 2008 1 1
Kingbird y P: 2009 1
2007 8 32 10 3 16 72
Loggerhead  Lanius 2008 7 79 51 63 2 14 23 12 251
Shrike ludovicianus
2009 74 46 47 48 20 12 24 49 37 366
Western Apheloqoma 2009 1 1
ScrubJay californica
2007 1 13 14
Mexican Jay  /\Phelocoma 450 10 7 17
ultramarina
2009 6
_ 2007 38 6 27 1 86
Chihuahuan — Corvus 2008 6 55 19 8 3 11 7 15 124
Raven cryptoleucus
2009 37 36 73 25 10 48 18 34 4 285
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2007 2 18 1 5 28
Common Corvus corax 2008 16 59 29 10 120
Raven
2009 2 46 9 5 6 30 8 13 119
- 2007 14 14
Unidentified s sp. 2008 53 1 7 64
Raven
2009 25 1 3 7 23 67
. 2007 7 199 138 126 470
Horned Lark Elﬁgfrfsh"a 2008 127 158 1,069 99 35 922 1,194 41 3,645
2009 91 6 485 165 35 108 131 2,187 398 24 3,630
2007 1 1
Tachycineta
Tree Swallow bicolor 2008 31 1 32
2009 16 6 14 5 92 133
Violet-green Tachyc_lneta 2009 2 2
Swallow thalassina
_ 2007 4 2
B_rldled Baeolophqs 2008 7
Titmouse wollweberi
2009 4 14 18
_ 2007 3 3
Verdin Auriparus 2008 2 5 1
flaviceps
2009 1
_ 2007 5 5 10
Bushtit Psaltriparus 5550 10 10
minimus
2009 6 2 6 19 33
Campylorhync 2007 15 45 1 70
Cactus Wren hus 2008 78 55 18 3 5 170
brunneicapillus 550 66 80 10 4 2 2 13 12 209
_ 2007 1 4 5
Rock Wren ~ Salpinctes 2008 5 1 1 7
obsoletus
2009 4 3 1 8
2007 2 2 4
Canyon Wren Cath_erpes 2008 5 5
mexicanus
2009 2 2
2007 11 2 13
Bewick's Thryomanes
Wren bewickii 2008 1 6
2009 6 7 13
House Wren ~ 1109100¥tes  5q47 1 1
aedon
Unidentified .
Wren Troglodytidae 2008 1 1
Marsh Wren ~ COiStothorus 5544 1
palustris
Ruby Regulus 2007 14 2 16
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crowned calendula 2008 7 2 9
Kinglet
"9 2009 2 1 3 6
o 2007 1 4
Blue-gray Polioptila 2008 1
Gnatcatcher  caerulea
2009 6 3 1 2 13
_ o 2007 6
Black-tailed Polioptila 2008 37 43
Gnatcatcher melanura
2009 8 12 2 3 25
2007 2 2
Eastern Sialia sialis
Bluebird 2009 2 2
2007
Western Sialia
Bluebird mexicana 2008 ’ 27 43
2009 12 11 23
Mountain Sialia 2007 19 21 21 95 1 8 14 179
Bluebird currucoides 2009 42 3 1 10 15 34 6 111
Unidentified -
Bluebird Sialia sp. 2007 3 3
American Turdus 2007
Robin migratorius 2008 1
2007 3 13
Northern Mimus
Mockingbird  polyglottos 2008 9 22 43
2009 5 16 7 14 1 3 49
2007 1 6
Sage Thrasher Oreoscoptes
montanus 2009 1 3 2 1 14
_ 2007 8 35 1 49
Curvebilled Toxqstoma 2008 30 20 21 5 4 95
Thrasher curvirostre
2009 35 47 4 13 6 16 3 9 137
_ 2007 1 1 2
Crissal T(_Jxostoma 2008 2 2
Thrasher crissale
2009 2 1 3
2007 1 1
European Sturnu_s 2008 6 6
Starling vulgaris
2009 3 3
_ 2007 2 1 435 438
American Anthus 2008 1 56 1 58
Pipit rubescens
2009 51 5 428 484
2007 11 7 7 27
ﬁPr.agueS Anthus 2008 1 32 10 17 26 3 89
ipit spragueii
2009 36 12 2 2 12 28 3 18 118
Unidentified Anthus sp. 2007 13 16
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Pipit 2008 14 14
2009 4 4
Cedar Waxing 20mbycilla 2008 1 1
cedrorum
2007 56 3 3 62
Phainopepla P.halnopepla 2008 1 2
nitens
2009 5
Orange Vermivora 2008 1
crowned celata
Warbler 2009 1 1 2
Yellow- Dendroica 2007 14 H
rumped 2008 12 5 17
Warbler coronata
2009 6 2 8
_ o 2007 4 23 27
Greentailed Pipilo 2008 1 6 8 16
Towhee chlorurus
2009 4 10 3 4 1 9 31
Spotted Pipilo 2007 3
Towhee maculatus 2008 2 3
2007 12 4 1 25
Canyon Pipilo fuscus 2008 76 8 12 105
Towhee
2009 49 13 28 2 12 4 12 4 124
_ _ _ 2007 4 8 5 17
Cassin's Almo_p_hlla 2008 2 5 1 1 9
Sparrow cassinii
2009 7 3 1 2 25 1 2 20 61
_ _ _ 2007 8
Botteri's Almop_hlla 2008 1
Sparrow botterii
2009 1
Rufous Aimonhila 2007 4 1 1 6
crowned nop 2008 15 4 21
Sparrow ruficeps
P 2009 13 1 22 43
Al hil Al hil 2008 1 3 8
imophila sp.  Aimophila sp.
P P P P 2009 2 3
2007 157 192 17 43 409
Chipping Spizella 2008 1,392 22 29 75 59 51 1,628
Sparrow passerina
2009 1,871 193 386 12 224 32 35 59 67 2,879
2007 237 127 259 7 55 1 686
Clay-colored o olla pallida 2008 212 26 178 34 450
Sparrow
2009 148 1,300 230 156 125 3 1,962
_ 2007 40 184 34 1 130 389
gre""ers Spizella 2008 1,135 237 636 16 98 2,122
parrow breweri
2009 692 320 49 1,319 54 3 322 31 2,790
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Worthen's Spizella 2008 7
Sparrow wortheni 2009
Black-chinned Spizella 2007 6 6
Sparrow atrogularis
2007 1 440 2 8 451
Spizella sp. Spizella sp. 2008 56 135 293 27 511
2009 33 51 84 35 13 9 2 227
2007 1 28 780 107 7 776 31 1,730
Vesper Pooecetes 2008 925 252 217 246 15 297 148 | 2,100
Sparrow gramineus
2009 1,607 441 947 916 253 142 8 836 965 6,115
2007 66 1 8 76
Chondestes
Lark Sparrow grammacus 2008 17 6 32
2009 326 1 5 1 334
2007 70 143 53 30 297
Black Amphispiza
throated o 2008 1 215 53 437 22 32 20 788
Sparrow 2009 119 103 151 229 157 14 9 130 14 927
ispi 2008 10 2 12
Sage Sparrow Amphlsplza
belli 2009 27 3 30
. 2007 2,556 230 127 2,913
Lark Bunting C1AMOSPIZa 5408 g4 938 24 827 53 118 27 1,569
melanocorys
2009 3 248 1,019 6,035 120 271 33 53 7,782
2007 30 516 91 25 366 4 1,032
Savannah  Passerculus g 135 46 4 27 45 33 102 | 392
Sparrow sandwichensis
2009 1 417 425 48 117 213 137 22 162 1,042 2,584
2007 44 86 45 19 2 196
Grasshopper Ammodramus 2008 58 5 7 3 16 1 92
Sparrow savannarum
2009 80 21 202 98 49 13 71 117 659
) 2007 3 1 4 1 9
Baird's An_wm_pdramus 2008 38 4 45
Sparrow bairdii
2009 49 12 1 5 30 107
2007 1 31 55 93
,s‘-\Fr)nmodramus ?gwmodramus 2008 14 6 1 3 1 29
2009 54 46 19 10 1 50 63 21 265
Ammodramus 4o s 2008 27 33 2 1 3 67
spor
Savannah spor P.
sandwichensis 2009 86 6 3 19 8 1 28 19 170
Sparrow
i 2007 4
Song Sparrow Melosplza
melodia 2008 1 1 2
Lincoln's Melospiza 2007 10 2 17
Sparrow lincolnii 2009 5 5 7 27
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Melospiza sp. Melospiza sp. 2008 1 1
White Zonotrichia 2008 10 10
throated albicollis
Sparrow 2009 2 4
White- Zonotrichia 2007 2 2 18 02
crowned | h 2008 1 22 76 4 11 71 20 205
Sparrow eucophrys
P 2009 2 25 2 6 5 19 77 134
2007 1 24 25
?ark—eyed Junco hyemalis 2008 5 5
unco
2009 2 2
_ 3 2007 31 701 2 27 761
Unidentified £ poizidae 2008 151 92 25 2 270
Sparrow
2009 91 365 49 75 26 14 15 635
_ 2007 7 16 23
McCown's Calcarlu_s_, 2008 169 3 172
Longspur mccownii
2009 60 1 2 63
Chestnut Calcarius 2007 1,403 23 1,111 12 2,549
collared ornatus 2008 1,523 1,661 6 19 3 517 3,729
Longspur 2009 936 1,262 5578 564 1,707 291 4,749 159 | 15,246
_ 3 2007 501 172 673
Emdemlf'ed Calcarius sp. 2008 15 15
ongspur
2009 1 4 1 6
Northern Cardinalis
Cardinal cardinalis 2009 2 2
o 2007 2 3 2 7
Pyrthuloxia ~ Cardinalis 2008 1 14 12 1 28
sinuatus
2009 4 1 13 4 7 1 30
2007 9 72 21 102
Eastern Sturnella 2008 204 115 1 27 2 51 8 408
Meadowlark  magna
2009 17 149 184 2 95 9 89 26 79 49 699
2007 1 11 12 55 11 2 92
Western Sturnella 2008 o4 18 15 29 79
Meadowlark  neglecta
2009 22 8 173 32 272 1 22 8 42 580
o 2007 144 10 46 200
Unidentified o\ ollasp. 2008 13 75 148 16 2 102 63 30 449
Meadowlark
2009 60 60 2 25 68 29 34 43 321
Yellow- Xanthocephalu
headed S 2009 2 2
Blackbird xanthocephalus
Brewer's Euphagus 2008 272 17 289
Blackbird cyanocephalus 2009 464 13 8 24 509
Greattailed Quiscalus 2007 1 1
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Grackle mexicanus 2009 1 361 1 363
Unidentified | .0 2008 1 1
Blackbird 2009 5
2007 62 20 82
Brown-headed .\ ihrus ater 2008 19 19
Cowbird
2009 42 1 39 82
Unidentified
Cowbird Molothrus sp. 2008 72 72
2007 45 75 120
House Finch ~ carpodacus o440 4 7 1 31 48
mexicanus
2009 11 7 8 2 7 4 39
Pine Siskin  Ccarduelis 2008 3 3
pinus
2007 49 49
Lesser Carduelis
Goldfinch psaltria 2008 6 6
2009 1
House Passer 2007 6 6
Sparrow domesticus 2009 3 10 13
2007 4 4
Unidentified
Bird species 2008 4 28 77 6 115
2009 26 5 1 32
All species yﬁ!rs 1,870 28,626 21,519 11,282 15,815 3,732 2,476 5,745 15,599 3,623 | 110,287
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APPENDIX B. DENSITY ESTIMATES FOR GRASSLAND-ASSOCIATED SPECIES BY YEAR AND GPCA.

Density estimates (D) for years 20009 expressed as number of individuals # knith associated % coefficient of variation
(%CV), lower and upper confidence limits at 95% (LCL and UCL), frostcation sample size (n) used in estimating D, and

proportion of transects on which we detected the species. GRE€AgInot surveyinapa t i cul ar year ar e
2007 2008 2009
Species GPCA D %CV LCL UCL D %CV LCL UCL D %CV  LCL UCL
All 9.1 49 3.6 23.0 26.8 20 18.2 39.5 9.8 23 6.3 15.2
LAGU NS NS 9.7 61 3.0 30.9
Scaled Quail  cyaT | 0.0 0.0 0.0
Callipepla
squamata CUZA | 15.2 101 2.7 86.1 34.1 36 17.1 68.0 23.2 39 10.9 49.3
n=96 JANO | 127 75 3.3 48.3 14.1 55 5.1 39.0 7.9 68 2.2 28.2
Proportion of MAPI | 69 121 0.9 524 | 103 59 35 308 | 105 55 3.6 303
Transects MARF NS NS 9.5 75 25 36.0
2007:=0.05 SONO NS 3.0 100 0.5 18.8 7.0 100 1.3 38.2
2008 = 0.09 ’ ’ ’ ’ ’ ’
2009 = 0.05 TOKI 0.0 15 100 0.3 8.0 0.3 100 0.1 1.5
VACE 7.8 92 1.4 45.1 63.9 23 40.6  100.7 8.7 46 3.6 20.9
VACO 0.0 0.0 4.5 84 1.0 20.2
All 0.1 57 0.0 0.2 0.1 30 0.1 0.2 0.0 39 0.0 0.1
LAGU | NS NS 0.1 63 0.0 0.4
White-tailed Kite  ~jaT 0.0 0.0 0.0
Elanus leucurus
n=31 CUZA | 0.2 101 0.0 1.1 0.0 0.0
) JANO 0.1 101 0.0 0.4 0.3 43 0.1 0.7 0.0
Proportion of
Transects ~ MAPI | 0.0 02 41 0.1 0.5 01 50 01 03
2007 =0.02 MARF NS NS 0.0
2008 = 0.03
2009 = 0.01 SONO NS 0.0 0.0
TOKI 0.0 0.0 0.0
VACE 0.1 78 0.0 0.5 0.0 71 0.0 0.1 0.0 101 0.0 0.1
VACO 0.0 0.0 0.0
All 1.4 14 1.0 1.8 1.4 12 1.1 1.8 1.2 10 1.0 1.5
LAGU NS NS 1.3 24 0.8 2.0
Northern Harrier CUAT 0.0 0.2 100 0.0 1.4 0.0
Circus %Teus CUZA | 05 56 0.2 1.4 0.5 28 0.3 0.9 0.7 28 0.4 1.3
n=
JANO 1.8 20 1.2 2.7 31 26 1.9 5.1 1.5 27 0.9 2.5
Proportion of  MAPI 1.4 35 0.7 2.9 1.1 30 0.6 1.9 1.8 20 1.2 2.6
Transects
2007 =030 MARF NS NS 1.2 26 0.7 2.0
2008=0.25 SONO | NS 4.1 26 2.4 7.1 1.4 27 0.8 2.4
2009=0.26  1qy 0.0 0.4 44 0.2 0.8 0.5 42 0.2 1.1
VACE 1.9 19 1.3 2.8 2.0 14 1.5 2.6 1.3 17 0.9 1.8
VACO 0.0 0.1 100 0.0 0.6 2.0 28 1.1 3.5
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WINTERING BIRD DENSITY AND HABITAT USE IN CHIHUAHUAN DESERT GRASSLANDS

2007 2008 2009
Species GPCA| D %CV LCL UCL D %CV LCL UCL D %CV LCL UCL
All 0.4 22 0.3 0.7 0.7 14 0.6 1.0 0.4 15 0.3 0.5
LAGU | NS NS 0.2 45 0.1 0.6
Redtgiﬁgo'*a""k CUAT | 02 100 00 12 02 100 00 12 0.0
jamaicensis CUZA | 0.7 51 0.3 1.9 1.1 22 0.7 1.6 0.5 30 0.3 0.9
n=194 JANO | 04 36 0.2 0.8 0.9 26 0.5 1.4 0.2 45 0.1 0.6
Proportion of MAPI 0.3 70 0.1 1.2 0.5 34 0.3 1.0 0.5 31 0.3 0.9
Transects ~ MARF | NS NS 0.3 48 0.1 0.8
2882 N g:g SONO | NS 0.9 53 0.3 2.8 0.8 38 0.4 1.7
2009=0.13 TOKI 0.0 0.4 47 0.2 0.9 0.4 47 0.1 0.9
VACE | 0.6 34 0.3 1.2 1.0 22 0.6 1.5 0.5 24 0.3 0.8
VACO | 0.0 0.2 70 0.1 0.7 0.2 70 0.1 0.7
All 0.0 58 0.0 0.1 0.1 23 0.0 0.1 0.1 21 0.1 0.1
Ferruginous LAGU NS NS 0.0
Hawk CUAT | 00 0.0 0.0
BUtr?O_rggga”S CUZA | 00 00 71 00 01 | 01 48 00 03
JANO | 0.0 100 0.0 0.1 0.2 37 0.1 0.3 0.1 58 0.0 0.2
Proportion of  MAPI 0.0 0.0 0.0
SOt  MARF | NS NS 00 100 00 01
2008=0.04 SONO | NS 0.0 0.0
2009=0.05 1ok | 02 100 00 @ 13 03 27 02 06 | 06 24 04 10
VACE | 0.0 100 0.0 0.2 0.0 0.0 71 0.0 0.1
VACO | 0.0 0.0 00 100 0.0 0.3
All 0.9 18 0.6 1.3 1.0 11 0.8 1.3 1.3 10 1.0 1.5
LAGU | NS NS 0.6 30 0.4 1.1
A}'(“e‘irt‘f;“ CUAT | 0.0 0.5 69 0.1 2.0 0.3 100 0.0 1.6
Falco sparverius CUZA | 1.5 42 0.7 3.4 1.7 20 1.1 2.5 2.3 16 1.7 3.1
n=311 JANO | 1.0 28 0.6 1.7 0.9 27 0.5 15 0.8 32 0.4 15
Proportion of MAPI 0.4 70 0.1 1.5 0.7 30 0.4 1.2 2.1 21 1.4 3.2
Transects ~ MARF | NS NS 0.8 26 0.5 1.3
388; N 8:;? SONO | NS 1.2 75 0.3 5.4 0.8 45 0.3 1.9
2009=0.22 TOKI 1.1 67 0.3 43 1.2 25 0.7 2.0 1.2 29 0.7 2.1
VACE | 1.0 31 0.5 1.9 0.6 24 0.4 1.0 0.5 32 0.3 1.0
VACO | 0.0 1.3 28 0.8 2.3 3.6 25 2.2 5.9
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WINTERING BIRD DENSITY AND HABITAT USE IN CHIHUAHUAN DESERT GRASSLANDS

2007 2008 2009
Species GPCA D %CV LCL UCL D %CV  LCL UCL D %CV  LCL UCL
All 0.4 60 0.1 1.2 0.5 51 0.2 1.3 0.6 63 0.2 1.8
. LAGU NS NS 0.0 100 0.0 0.2
Longbilled
Curlew CUAT | 0.0 0.0 1.0 101 0.2 6.1
Numenius CUzA | 0.0 0.6 92 0.1 4.1 0.0
americanus
n= 35 JANO 0.1 63 0.0 0.5 1.9 76 0.5 7.8 4.4 79 1.1 18.1
MAPI 2.7 104 0.5 16.0 0.1 83 0.0 0.3 0.0 101 0.0 0.2
Proportion of
Transects MARF | NS NS 0.1 101 0.0 0.7
2007=0.03 SONO | NS 0.0 0.0
2008 = 0.03
5009 =002  TOKI 0.6 101 0.1 4.1 0.2 101 0.0 1.2 0.0
VACE 0.0 101 0.0 0.2 0.0 0.0
VACO | 0.0 0.0 0.0
All 84.8 20 57.2  126.0 31.2 18 221 442 40.4 20 27.5 59.3
LAGU NS NS 1172 47 488  281.2
Mourning Dove cyat | 41 71 11 157 | 00 0.0
Zenaida
macroura CUzA | 371 31 20.3 67.9 61.0 20 415  89.6 67.8 21 454  101.3
n=2815 JANO | 1343 28 776 2325 65.5 39 31.1 1377 | 347 39 16.4 738
Proportion of ~MAPI 11.9 51 4.4 32.2 6.2 54 2.2 17.5 40.5 31 224 734
Transects MARF | NS NS 10.3 54 3.8 28.0
2007:=0.44 SONO | NS 1.2 100 0.2 7.7 22.4 77 5.5 92.1
2008 = 0.20 : : : : : :
2009=0.26 TOKI 114 100 1.7 77.4 6.9 80 1.7 28.4 1.7 101 0.3 8.9
VACE | 59.1 30 33.0 106.1 5.6 52 2.0 15.2 325 78 7.9 133.8
VACO | 2.9 100 0.3 29.6 4.1 49 1.6 10.4 13.1 40 6.0 28.5
Al 1.7 35 0.9 3.3 0.7 44 0.3 1.7 0.5 33 0.3 1.0
LAGU NS NS 0.4 101 0.1 2.1
Burrowing Owl CUAT 0.0 0.0 0.0
Athene
cunicularia CUZA | 0.0 0.0 0.0
n=36 JANO 2.9 48 1.2 7.1 2.7 73 0.7 10.7 2.3 47 0.9 57
Proportion of ~MAPI 1.3 101 0.2 7.2 0.4 101 0.1 2.2 1.2 58 0.4 35
Transects MARF | NS NS 0.8 71 0.2 2.8
2007 = 0.08
2008=003 SONO | Ns 0.0 0.0
2009 =0.03 TOKI 10.0 51 3.3 29.9 0.0 0.0
VACE 0.5 101 0.1 2.8 0.7 53 0.3 1.8 0.0
VACO | 0.0 0.0 0.0
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WINTERING BIRD DENSITY AND HABITAT USE IN CHIHUAHUAN DESERT GRASSLANDS

2007 2008 2009
Species GPCA D %CV  LCL UCL D %CV  LCL UCL D %CV  LCL ucL
All 1.0 54 0.4 2.7 0.8 38 0.4 1.7 0.5 37 0.3 1.1
LAGU NS NS 0.0
Shorteared Owl CUAT 0.0 0.0 0.0
AS"; f'_a?g‘eus CUZA | 00 0.0 0.0
JANO 1.3 60 0.4 4.0 1.7 63 0.5 55 0.9 73 0.2 3.2
Proportion of  MAPI 0.0 0.9 102 0.2 5.1 2.2 56 0.8 6.3
Transects
2007 =004 MARF | NS NS 0.0
2008=0.02 SONO | NS 0.0 0.0
2009=0.02 1o, 0.0 0.0 0.0
VACE | 23 81 0.6 9.6 1.3 48 0.5 3.2 1.1 53 0.4 2.8
VACO | 0.0 0.9 102 0.2 5.1 0.0
All 1.9 19 1.3 2.7 2.1 12 1.6 2.6 3.4 11 2.8 4.2
LAGU NS NS 6.3 20 4.3 9.3
Say's Phoebe CUAT | 0.9 69 0.2 3.4 0.0 0.5 100 0.1 2.7
Sayomfégaya CUZA | 06 70 0.2 2.3 5.0 16 3.7 6.7 5.6 15 4.1 7.5
n=
JANO 0.7 57 0.2 2.0 0.6 40 0.3 1.4 0.3 57 0.1 0.9
Proportion of  \mAPI 5.7 30 3.1 10.3 25 24 1.6 4.1 11.8 12 9.2 15.1
Transects
2007 =019 MARF | NS NS 0.6 41 0.3 1.4
2008=0.23 SONO | NS 2.1 53 0.7 6.1 2.3 32 1.2 4.3
2009=027 1ok | 27 71 06 120 | 21 25 13 34 | 20 20 11 36
VACE | 24 27 1.4 4.2 1.1 28 0.6 1.9 0.6 40 0.3 1.3
VACO | 3.3 62 0.7 15.8 0.7 56 0.2 2.0 0.9 60 0.3 2.8
All 1.9 14 15 25 3.1 8 2.6 3.7 3.0 8 2.6 3.5
LAGU NS NS 2.8 18 2.0 4.1
Loggerhead
Shrike CUAT | 11 54 0.4 3.3 1.1 54 0.4 3.2 2.2 42 1.0 5.3
Lanius CuUzA 2.1 40 0.9 4.6 5.2 13 4.0 6.8 4.7 14 3.6 6.2
ludovicianus
n =557 JANO 2.2 21 15 3.4 3.6 18 2.5 5.1 3.2 20 2.1 4.8
MAPI 2.6 37 1.3 5.4 5.7 14 4.3 7.5 4.1 15 3.1 55
Proportion of
Transects MARF | NS NS 1.1 35 0.6 2.2
2007=0.26 SONO | NS 1.1 68 0.3 4.3 1.9 34 1.0 3.7
2008=0.34 1oy | 22 50 08 6.6 13 29 08 24 | 15 28 09 27
2009 = 0.36 : : : : : : : : '
VACE | 15 27 0.9 2.6 1.2 21 0.8 1.8 25 17 1.7 3.5
VACO | 0.0 2.2 29 1.2 4.0 6.4 31 3.5 11.6
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WINTERING BIRD DENSITY AND HABITAT USE IN CHIHUAHUAN DESERT GRASSLANDS

2007 2008 2009
Species GPCA D %CV  LCL UCL D %CV  LCL UCL D %CV  LCL UcCL
All 1.1 20 0.7 1.6 0.8 16 0.6 1.2 1.4 17 1.0 1.9
Chihuahuan  -AGY NS NS 1.4 50 0.5 3.6
Raven CUAT | 13 62 0.4 4.2 15 59 0.5 4.8 8.2 28 4.6 14.4
Corvus CUzZA 1.2 58 0.4 3.7 1.9 23 1.2 3.0 1.7 27 1.0 2.9
cryptoleucus
n=213 JANO 1.6 29 0.9 2.8 0.8 34 0.4 1.6 3.1 52 1.1 8.3
MAPI 0.0 0.4 55 0.1 11 0.6 53 0.2 1.6
Proportion of
Transect MARF | NS NS 0.3 61 0.1 0.9
2007=0.21 SONO | NS 0.8 68 0.2 3.0 0.0
2008=0.13 1y 2.5 54 0.8 7.9 0.8 51 0.3 2.0 0.9 41 0.4 1.9
2009 = 0.15 : . . . . ' ' . :
VACE | 0.6 42 0.3 1.4 0.2 54 0.1 0.5 1.2 24 0.8 2.0
VACO | 0.9 100 0.1 9.3 0.8 84 0.2 3.3 0.5 62 0.2 1.6
All 17.0 23 10.9 26.7 60.9 11 488 76.0 | 405 12 322 510
LAGU NS NS 18.6 82 4.5 77.6
HomedLark  cyaT | 33 82 07 150 | 362 69 100 1314 | 394 30 211 735
Eremophila
alpestris CUZA | 0.0 11.6 61 3.4 39.1 0.5 78 0.1 2.2
n = 1680 JANO | 235 31 13.0 425 115.7 18 81.8 1636 | 465 23 296 729
Proportion of MAPI 0.0 10.9 70 3.1 38.6 3.8 45 1.6 8.8
Transects MARF | NS NS 10.2 33 5.4 195
2007 = 0.23
2008=037 SONO | Ns 25.1 33 128 489 | 31.0 23 19.8 487
2009=0.35 TOKI | 1234 38 543 2807 | 1233 17 88.8 1712 | 2586 15 191.4 3494
VACE | 11.3 35 5.7 22.2 82.4 16 60.8 1116 | 23.8 15 178 319
VACO | 0.0 9.7 138 0.6 159.1 | 5.7 73 15 21.6
All 4.2 37 2.1 8.6 0.0 1.0 33 0.5 1.9
. LAGU NS NS 0.1 101 0.0 0.5
Mountain
Bluebird CUAT | 6.9 98 1.1 41.8 0.0 0.0
Sialia CUzA | 5.2 93 0.7 41.1 0.0 2.8 51 1.1 7.3
currucoides
n=76 JANO 15 67 0.4 5.2 0.0 0.3 106 0.0 1.4
MAPI 15.9 65 4.7 54.1 0.0 0.9 57 0.3 2.5
Proportion of
Transects MARF | NS NS 1.3 128 0.1 10.7
2007=0.04 SONO | NS 0.0 0.0
2008 = 0.00
5009 =003 TOKI 0.7 100 0.1 4.9 0.0 3.3 54 1.2 9.0
VACE | 0.9 82 0.2 3.8 0.0 0.0
VACO | 184 121 1.8 187.3 0.0 1.1 100 0.2 5.9
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WINTERING BIRD DENSITY AND HABITAT USE IN CHIHUAHUAN DESERT GRASSLANDS

2007 2008 2009
Species GPCA D %CV  LCL UCL D %CV  LCL UCL D %CV  LCL UcCL
All 2.8 25 1.8 4.6 3.6 16 2.7 5.0 4.0 15 3.0 5.4
LAGU NS NS 0.7 100 0.1 3.8
Sprague's Pipit CUAT 3.0 69 0.8 11.3 0.0 0.0
A”thr‘]ii Sip;ggue“ CuzA | 0.0 6.5 29 37 114 | 101 26 6.0  16.8
JANO 3.8 39 1.8 7.9 2.8 46 1.2 6.8 3.5 30 2.0 6.3
Proportion of  MAPI 0.0 0.0 1.4 49 0.6 3.6
Transects
2007 =0.11 MARF | NS NS 0.4 100 0.1 1.8
2008=0.12 SONO | NS 0.0 9.1 39 4.3 19.4
2009 = 0.11
TOKI 9.1 71 2.1 39.4 4.1 40 1.9 8.8 8.0 27 4.7 13.6
VACE | 3.3 36 1.6 6.7 5.6 22 3.6 8.7 0.6 57 0.2 1.9
VACO | 0.0 15 70 0.4 5.4 11.4 38 5.4 23.9
All 3.9 37 1.9 7.8 1.1 44 0.5 2.6 3.4 27 2.0 5.8
LAGU NS NS 0.0
Cassin's Sparrow cyat | 0.0 0.0 0.0
Aimophila
cassinii CuzA | 97 86 1.7 54.9 1.3 71 0.4 4.6 2.9 42 1.3 6.4
n=53 JANO 6.1 43 2.7 13.7 4.1 66 1.2 135 1.6 71 0.5 5.8
Proportion of MAPI 0.0 0.0 0.8 100 0.2 4.4
Transects MARF | NS NS 7.3 45 3.1 17.1
2007 = 0.06
2008 =001 SONO | NS 0.0 1.8 100 0.3 9.6
2009 =0.05 TOKI 0.0 1.1 100 0.2 5.6 0.0
VACE | 2.2 71 0.6 7.8 0.5 100 0.1 2.6 0.5 100 0.1 2.6
VACO | 0.0 0.0 28.1 46 117 677
All 32.7 33 17.4 61.5 58.9 19 407 853 | 77.9 15 58.0 104.8
. LAGU NS NS 39.5 63 123 1265
Chipping
Sparrow CUAT 0.0 0.0 0.0
Spizella CUZA | 136.4 49 53.2 3495 | 2201 20 148.6 326.2 | 4327 15 321.9 581.6
asserina
pn - 439 JANO | 39.8 47 16.1 98.8 2.4 61 0.7 7.6 22.0 47 9.0 54.0
MAPI 13.8 74 3.6 53.5 9.1 116 1.4 60.7 0.9 57 0.3 2.7
Proportion of
Transects MARF | NS NS 35.0 67 103 1191
2007=0.14 SONO | NS 144.6 50 535 391.0 | 20.6 79 4.1 103.6
2008 = 0.15
5009018 TOKI 0.0 216 113 2.9 160.4 | 10.8 88 2.3 52.1
VACE | 238 82 0.6 13.4 9.3 76 2.0 42.2 8.6 61 2.8 26.1
VACO | 0.0 0.0 25.7 56 8.9 74.4
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WINTERING BIRD DENSITY AND HABITAT USE IN CHIHUAHUAN DESERT GRASSLANDS

2007 2008 2009
Species GPCA| D %CV LCL UCL D %CV LCL  UCL D %CV LCL  UCL
Al 346 24 21.7 55.3 14.3 25 8.8 230 | 474 17 341 658
LAGU | NS NS 2734 22 1787 418.1
Clay-colored  cyat | 0.0 0.0 0.0
Sparrow
Spizella pallida CUZA | 708 39 334 1502 | 39.8 38 19.1 828 | 200 66 5.7 70.5
n =501 JANO | 323 38 15.7 66.6 6.2 56 2.2 17.3 0.0
Proportion of MAPI | 1522 54 550 4208 | 31.1 39 148 653 | 56.1 29 322 975
Transects MARF | NS NS 28.4 35 145 555
2007 = 0.25
2008 =003 SONO | Ns 0.0 0.0
2009 =0.17 TOKI 122 105 1.7 86.5 0.0 0.0
VACE | 169 50 6.5 44.2 4.9 38 2.4 104 | 14.4 40 6.7 30.9
VACO | 0.0 0.0 15 77 0.4 6.5
Al 228 26 13.7 37.9 81.3 14 62.1 1065 | 81.4 12 649  102.0
LAGU | NS NS 6.1 54 2.3 16.5
Brewer's CUAT | 0.0 0.0 0.0
Sparrow
Spizella breweri CUZA | 117 69 3.2 432 | 1993 17 1423 2792 | 1414 19 96.6  207.0
n =968 JANO | 341 34 17.4 66.6 51.0 31 278 935 | 64.7 32 348 1203
Proportion of MAPI 9.1 76 2.3 36.7 | 1625 32 88.1 2999 | 3535 13 2744 4554
Transects MARF | NS NS 10.1 54 3.6 28.2
20072022 oq\q | Ns 17.8 26 103 307 1.8 77 0.4 75
2008 = 0.29 . . : . . :
2009=0.26 TOKI 2.4 100 0.3 16.1 0.0 0.0
VACE | 339 44 14.6 78.9 16.5 29 9.4 290 | 37.1 33 19.7  69.9
VACO | 0.0 0.0 11.7 72 3.0 46.2
Al 1324 15 97.9 1791 | 173.4 12 1372 219.2 | 2085 9 176.0 247.0
LAGU | NS NS 2963 21 1958 448.4
. CUAT | 0.0 0.0 0.0
Spizella spp.
n =2085 CUZA | 2221 31  120.8 4084 | 4727 13  367.7 607.7 | 513.7 13 4004 658.9
_ JANO | 2103 20 1427 3100 | 87.3 28 50.7 150.1 | 112.4 25 68.8  183.7
Proportion of
Transects MAPI | 190.1 46 79.4 4554 | 2621 29 1495 459.4 | 4182 12 3315 527.6
2007=0.46 MARF | NS NS 80.2 30 449 1432
2008=0.38  oh\o | Ns 189.8 37 916 3935 | 1509 91 21 1203
2009 = 0.44 . . : : . .
TOKI 15.7 107 2.2 111.0 | 19.0 113 26 1409 | 95 87 2.0 45.7
VACE | 656 36 326 1319 | 293 28 171 502 | 621 26 375 1028
VACO | 0.0 0.0 32.3 39 151  68.9
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WINTERING BIRD DENSITY AND HABITAT USE IN CHIHUAHUAN DESERT GRASSLANDS

2007 2008 2009
Species GPCA| D %CV LCL UCL D %CV LCL UCL D %CV LCL UCL
All 1693 9 1416 2024 | 865 8 741 1010 | 1810 6 160.7 203.9
LAGU | NS NS 2293 15 1703 308.9
Vesper Sparmow  cyat | 13 100 0.2 7.7 0.0 0.0
Pooecetes
gramineus ~ CUZA | 131 34 6.7 256 | 1953 10  160.4 2379 | 3076 9 256.7 368.7
n = 3808 JANO | 2521 14 1911 3326 | 741 21 491 1117 | 1162 17 83.1 162.3
Proportion of MAPI | 581 27 337 1004 | 518 33 271 990 | 2518 11 2017 3143
Transects ~ MARF | NS NS 641 24  39.8 103.2
288; N 8:;2 SONO | NS 4805 27 2760 8367 | 948 19 653 137.6
2009=061 TOKI | 159 100 23 1086 | 5.2 45 2.2 123 | 3.1 57 1.1 9.0
VACE | 2742 10 2227 3375 | 49.1 9 41.4 581 | 129.7 16 956 175.8
VACO | 1496 74 289 7757 | 943 36 472 1883 | 4768 16 3482 652.8
Al 6.6 52 2.5 17.4 1.3 67 0.4 42 8.0 37 4.0 16.1
LAGU | NS NS 1.6 78 0.4 6.2
Lark Sparrow AT | 0.0 0.0 0.0
Chondestes
grammacus CUZA | 454 62 141 1459 | 4.2 77 1.0 173 | 633 37 314 1276
n=61 JANO | 03 101 0.1 1.8 0.0 03 101 0.1 1.6
Proportion of MAPI 0.0 30 103 06 165 | 03 101 0.1 1.7
Transects MARF NS NS 0.3 101 0.1 1.6
gggg N 8:8‘11 SONO | NS 0.0 0.0
2009=0.03 TOKI 0.0 0.0 0.0
VACE | 3.3 87 0.7 15.9 0.0 0.0
VACO | 0.0 0.0 0.0
All 757 42 342 1675 | 229 29 131 398 | 723 18 51.0 102.4
LAGU | NS NS 121.4 35 614 2398
Lark Bunting  cyat | 0.0 369 100 6.4 2136 | 00
Calamospiza
melanocorys CUZA | 0.0 259 46 108 620 | 0.3 78 0.1 1.3
n=413 JANO | 241.9 53 900 650.1 | 17.6 67 4.9 63.0 8.5 80 1.9 38.2
Proporion of MAPI | 320 61 101 1008 | 708 55 254 1975 | 4802 18 3365 6852
Transects ~ MARF | NS NS 160 69 46 559
SoorZol> sono | Ns 86 82 15 477 | 00
2009=0.15 TOKI 0.0 0.0 0.0
VACE | 6.2 59 2.0 18.8 9.7 45 4.1 229 | 27 137 02 418
VACO | 0.0 101 79 25 413 | 153 107 09 2491
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WINTERING BIRD DENSITY AND HABITAT USE IN CHIHUAHUAN DESERT GRASSLANDS

2007 2008 2009
Species GPCA D %CV  LCL UCL D %CV  LCL UCL D %CV  LCL UcCL
All 101.2 17 727 1409 14.6 16 10.7 19.8 67.0 12 53.2 84.4
LAGU NS NS 10.5 51 4.1 27.1
Savannah
Sparrow CUAT | 0.0 0.0 1.3 100 0.2 7.6
Passerculus  cyza | 215 25 12.9 35.8 25.7 20 175 376 82.3 22 536 126.2
sandwichensis
n = 1401 JANO | 1570 25 956  257.8 13.0 48 5.3 32.2 94.9 23 60.0 150.0
MAPI 43.2 54 154  121.3 1.3 62 0.4 4.2 30.5 24 189  49.1
Proportion of
Transects MARF | NS NS 44.3 31 24.1 81.7
2007=0.46 SONO | NS 53.0 97 9.5 2069 | 87.1 35 43.7 1734
gggg i 8'% TOKI 65.1 100 8.7 484.4 15.3 66 4.6 50.5 8.4 45 3.5 19.8
VACE | 109.1 23 69.9 1703 6.1 41 2.8 13.6 23.9 27 140 406
VACO | 14.2 41 4.8 41.9 52.1 42 232 1167 | 4500 19 307.6 658.1
All 72.0 17 51.3  100.9 13.4 24 8.4 21.4 76.4 11 62.2 93.9
LAGU NS NS 2076 21 137.3 313.8
Grasshopper
Sparrow CUAT 0.0 0.0 0.0
Ammodramus  cyza | 98.8 41 44.0 221.6 433 32 23.1 81.1 89.4 19 61.2 130.6
savannarum
n = 600 JANO | 1051 25 643 1716 4.3 57 15 12,5 18.7 31 104 339
f MAPI | 167.6 26 98.8 2845 9.4 73 2.6 347 | 1066 18 75.4  150.7
Proportion o
Transects MARF | NS NS 57.5 34 29.9 1105
2007=0.32 SONO | NS 28.1 72 6.8 116.2 | 374 30 20.7 67.7
2008 = 0.09
5009 = 0.34  TOKI 0.0 3.7 70 1.1 13.3 10.9 62 3.5 33.8
VACE | 155 34 8.1 29.9 6.2 37 3.0 12.7 458 22 29.6 70.9
VACO | 45.1 61 9.5 214.1 3.1 100 0.6 16.8 | 209.0 22 1347 324.3
All 5.1 52 1.9 13.3 10.1 31 5.6 18.3 18.7 17 135 25.8
LAGU NS NS 22.2 43 9.8 50.1
Baird's Sparrow CUAT 0.0 0.0 0.0
Ammodramus
bairdii CuzA | 177 101 3.1 99.6 50.0 30 27.8 90.1 73.8 21 48.7 1120
n=119 JANO | 2.1 101 0.4 11.2 0.0 5.9 57 2.0 17.2
Proportion of ~MAPI 0.0 21 100 0.4 11.3 0.0
Transects MARF | NS NS 2.0 100 0.4 10.4
2007 = 0.03
2008=005 SONO | Ns 0.0 4.3 100 0.8 23.2
2009=0.10 TOKI 0.0 0.0 0.0
VACE 8.0 57 2.8 23.1 0.0 21.9 26 13.3 36.2
VACO | 0.0 0.0 8.6 70 2.4 30.8
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2007 2008 2009
Species GPCA D %CV LCL UCL D %CV LCL UCL D %CV LCL UCL
All 108.7 13 83.9 140.7 24.1 17 17.2 33.6 115.0 9 97.2 136.1
LAGU NS NS 231.7 19 160.9 333.7
Ammodramus CUAT 0.0 0.0 0.0
Spp. CUZA | 110.8 42 48.5 253.2 83.2 21 54.6 126.5 | 176.5 14 135.3 230.3

n=1121
JANO | 140.4 21 93.5 210.8 14.6 32 7.8 271 7.7 15 58.2 103.6

Proportion of  MAPI 153.2 25 91.9 255.2 9.2 62 3.0 28.8 115.9 17 82.6 162.7
Transects

2007 =043 MARF | NS NS 60.5 31 332 1103

2008 =0.15 SONO NS 315 57 9.9 100.4 | 128.6 35 65.4 252.6

2009=048 1oy 0.0 7.9 52 3.0 210 | 107 54 3.9 29.2

VACE | 1046 20 708 1545 6.7 33 3.6 12.6 | 1003 16 732 1374

VACO | 170.7 62 35.5 821.8 13.0 51 4.9 34.8 252.0 22 162.5 390.9

Al 181.2 12 1420 2313 | 411 12 323 523 | 1511 8 129.7 176.0

Ammodramus LAGU NS NS 139.4 17 99.2 195.9

spp.& Savannah a1 | 0.0 0.0 31 100 05 182
Sparrow

(Passerculus CUZA | 1041 31 559 1938 | 986 17 711 136.8 | 2348 13 1804 305.7
sandwichens}s  jANO | 376.6 22 2451 5788 | 589 33 312 1114 | 1994 26 1196 3324

n =2051
MAPI | 1082 23  67.6 1732 | 119 39 56 252 | 1191 16  87.0 163.0
Proportion of MARF NS NS 102.3 25 625 167.3
Transects -~ ooNo | NS 103.8 80 227 4751 | 1825 31 1004 3318
2007 = 0.64 : : : : : :

2008=025 TOKI | 1502 120 155 1457.8 | 283 65 87 923 | 119 49 47 300
2009=0.59  \yacg | 1627 23 1043 2537 | 214 30 119 384 | 759 16 556 1037
VACO | 682 49 191 2435 | 632 37 309 1292 | 6831 16 500.1 933.1

Al 1127 22 730 1738 | 872 24 543 1400 | 1752 17 1269 2419
Chestnut LAGU | NS NS 2509 33 1383 4882
collared CUAT | 00 0.0 0.0
Longspur
Calcarius ~ CUZA | 0.0 186.1 46 777 4456 | 620 93 117 3284
Oméggz JANO | 2193 25 1339 359.1 | 2413 34 1259 4625 | 1037 34 535 2013
n =
MAPI | 119 106 20 709 0.7 61 0.2 21 | 125 55 45 349
Proportion of MARF NS NS 1535 37 748  315.0
Transects
o007 2027 SONO| Ns 192 79 43 858 | 979 44 413 2316
2008=0.14 TOKI | 0.0 06 100 0.1 3.2 0.0
2009=0.23  \yacg | 1268 37 623 2581 | 386 30 216 689 | 4116 21 2758 6143
VACO | 292 105 30 2796 | 0.0 108 91 22 533
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2007 2008 2009
Species GPCA D %CV  LCL UCL D %CV  LCL UCL D %CV  LCL ucL
All 5.3 31 2.9 9.6 10.8 25 6.6 176 | 105 11 8.4 13.1
LAGU NS NS 0.4 100 0.1 2.0
Eastern CUAT | 0.0 0.0 10.3 45 4.2 25.3
Meadowlark
Sturnella magna CUZA | 3.8 54 1.3 10.9 29.1 36 146 581 | 181 18 127  26.0
n=531 JANO | 104 40 4.9 22.3 17.8 62 5.7 55.6 | 16.0 25 9.9 26.0
Proportion of MAPI 0.0 0.2 100 0.0 1.1 17.9 43 7.9 40.6
Transects MARF | NS NS 15 39 0.7 3.1
2007=017" oh\o | Ns 23.8 63 6.6 858 | 32.1 23 206  50.0
2008 = 0.21 . : : : : :
2009=0.30 TOKI 0.0 0.0 3.2 46 1.4 7.7
VACE | 4.7 55 1.7 13.1 5.7 26 3.4 9.6 7.9 20 5.3 11.8
VACO | 0.0 3.2 47 1.3 7.8 13.9 34 7.1 27.0
All 3.1 32 1.7 5.8 1.2 33 0.6 2.3 5.9 18 4.2 8.3
LAGU NS NS 15.2 37 7.6 30.7
Western
Meadowlark CUAT 0.4 100 0.1 25 0.0 0.0
ﬁ;ﬁl’;‘t‘: CUZA | 1.2 60 0.4 3.8 1.9 51 0.7 5.0 1.8 36 0.9 35
n =356 JANO 1.3 54 0.5 3.6 1.7 50 0.7 4.4 0.6 47 0.2 1.5
f MAPI 18.3 53 6.6 50.7 1.6 89 0.3 8.9 3.3 68 0.9 12.1
Proportion o
Transects MARF | NS NS 24.2 19 16.7  35.0
2007=0.13 SONO | NS 0.0 0.2 100 0.0 1.2
2008 = 0.04
5009 =020 TOK 0.0 2.9 72 0.8 10.6 2.3 47 0.9 5.6
VACE | 15 41 0.7 3.3 0.0 0.5 50 0.2 1.3
VACO | 3.1 100 0.3 313 0.0 8.9 36 4.5 17.7
All 17.9 22 11.8 27.3 17.4 15 129 234 | 188 7 16.3 216
LAGU NS NS 13.1 24 8.3 20.8
Meadowlark spp. CUAT | 0.6 100 0.1 3.5 7.9 71 2.1 29.7 8.5 44 35 20.5
Stumel”f;épp- CUZA | 46 38 2.1 9.9 33.3 27 19.9 55.8 25.4 16 18.6 34.7
n=
JANO | 30.2 33 15.9 57.4 235 38 114 485 | 296 20 19.9 440
Proportion of  \maP| 23.4 59 7.6 71.9 3.7 52 1.3 10.1 | 22.0 32 11.9 408
Transects
2007 =037 MARF | NS NS 295 17 211 411
2008=0.37 SONO | NS 18.3 63 5.1 65.7 | 46.3 32 247 868
2009=050 1o, 9.7 107 1.4 67.9 21.9 47 9.0 534 | 11.0 54 4.0 30.1
VACE | 14.2 27 8.5 23.9 9.8 23 6.2 15.4 9.8 17 7.0 135
VACO | 4.4 100 0.4 44.3 115 21 7.6 174 | 36.9 31 204  66.8
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APPENDIX C. ANNUAL CHANGES IN GLOBAL DENSITY AS MEASURED BY EFFECT SIZE.

Effect size reflects change in mean density (individual®/kmtween years as determined using the delta
method (Powell 2009 AbbreviationsSE,LCL and UCLdenote standard error, and loveed upper
confidence limits at the 95% level, respectively. Determinati®tatisticalsignificance is at the 95% level.

. Effect
Species Year size SE LCL UCL  Significant?
Scaled Quail 20072008  17.71 6.98 4.03 31.40 Yes
Callipepla squamata 20082009  -17.03 5.79 -28.37 -5.69 Yes
2007-2009 0.68 5.00 -9.12 10.49 No
White-tailed Kite 2007-2008 0.01 0.05 -0.10 0.11 No
Elanusleucurus 20082009 -0.06 0.03 -0.12 0.00 No
2007-2009 -0.05 0.05 -0.14 0.05 No
Northern Harrier 2007-2008 0.05 0.26 -0.45 0.56 No
Circus cyaneus 20082009 -0.18 0.21 -0.60 0.23 No
2007-2009 -0.13 0.23 -0.57 0.31 No
Redtailed Hawk 2007-2008 0.30 0.15 0.02 0.59 Yes
Buteo jamaicensis 20082009 -0.35 0.12 -0.59 -0.11 Yes
2007-2009 -0.05 0.12 -0.27 0.18 No
Ferruginous Hawk 2007-2008 0.05 0.02 0.01 0.09 Yes
But%O regalis 20082009 0.02 0.03 -0.03 0.07 No
2007-2009 0.07 0.02 0.02 0.11 Yes
, 2007-2008 0.11 0.20 -0.27 0.50 No
American Kestrel
Falco sparverius 20082009 0.26 0.17 -0.09 0.60 No
2007-2009 0.37 0.21 -0.04 0.78 No
Lonabilled Curlew 2007-2008 0.12 0.35 -0.57 0.80 No
Numgniugmericanus 20082009 0.04 0.43 -0.80 0.89 No
2007-2009 0.16 0.42 -0.66 0.98 No
, 20072008  -53.63 18.10 -89.11 -18.15 Yes
Mourning Dove
Zenaida macroura 20082009 9.18 9.74 -9.90 28.26 No
20072009  -44.45 18.99 -81.67 -7.24 Yes
, 2007-2008 -0.98 0.67 -2.29 0.33 No
Burrowing Owl
Athene cunicularia 20082009 -0.19 0.36 -0.90 0.52 No
2007-2009 -1.17 0.61 -2.38 0.03 No
Shorteared Owl 2007-2008 -0.17 0.61 -1.37 1.04 No
oreeare W
Asio flammeus 20082009 -0.27 0.37 -0.99 0.46 No
2007-2009 -0.43 0.57 -1.55 0.68 No
sav's Phoebe 2007-2008 0.19 0.43 -0.66 1.04 No
Sagomis saya 20082009 1.35 0.44 0.48 2.21 Yes
2007-2009 1.54 0.50 0.55 2.52 Yes
Loaaerhead Shrike 2007-2008 1.21 0.37 0.49 1.94 Yes
L e 20082009 -0.08 0.36 0.77 0.62 No
2007-2009 1.14 0.35 0.45 1.83 Yes
Chihuahuan Raven 20072008 -0.26 0.26 -0.78 0.25 No
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Species Effect
Year size SE LCL UCL Significant?
Corvus cryptoleucus 20082009 0.55 0.27 0.03 1.08 Yes
20072009 0.29 0.32 -0.34 0.92 No
Hormed Lark 20072008 43.86 7.95 28.27 59.45 Yes
Eremophila alpestris 20082009  -20.37 8.41 -36.85 -3.89 Yes
20072009 23.49 6.20 11.34 35.64 Yes
Mountain Bluebird 20072008 -4.22 1.57 -7.30 -1.14 Yes
untai uebi
Sialia currucoides 20082009 1.03 0.34 0.37 1.70 Yes
20072009 -3.19 1.61 -6.34 -0.03 Yes
Sprague's Pipit 20072008 0.80 0.91 -0.98 2.57 No
u ipi
Anthus spragueii 20082009 0.40 0.83 -1.22 2.02 No
20072009 1.20 0.91 -0.59 2.99 No
Cassin's Sparro 20072008 -2.74 1.51 -5.70 0.22 No
i w
20072009 -0.46 1.70 -3.79 2.88 No
Chipping Sparro 20072008 26.18 15.50 -4.21 56.57 No
ippi w
Spizella passerina 20082009 19.03 16.27 -12.86 50.92 No
20072009 45.21 15.96 13.92 76.50 Yes
Clay-colored Sparro 20072008 -20.39 9.05 -38.14 -2.65 Yes
V- w
20072009 12.73 11.55 -9.90 35.36 No
Brewer's Sparro 20072008 58.47 12.72 33.53 83.40 Yes
W w
Spizella breweri 20082009 0.11 14.65 -28.60 28.83 No
20072009 58.58 11.14 36.75 80.41 Yes
20072008 40.97 29.17 -16.20 98.14 No
Spizella spp. 20082009  35.08 27.53 -18.89 89.05 No
20072009 76.05 27.29 22.57 129.53 Yes
Vesper Sparro 20072008 -82.84 16.84 -115.84 -49.83 Yes
w
Pooecetes gramineus 20082009 94.55 12.92 69.22 119.88 Yes
20072009 11.71 18.90 -25.33 48.75 No
Lark Sparro 20072008 -5.36 3.54 -12.30 1.57 No
w
Chondestes grammacus 20082009 6.74 3.06 0.74 12.75 Yes
20072009 1.38 452 -7.49 10.25 No
Lark Bunting 20072008 -52.86 32.39 -116.35 10.63 No
unti
Calamospiza melanocory: 20082009 49.38 14.51 20.95 77.81 Yes
20072009 -3.48 34.26 -70.62 63.66 No
S hs 20072008 -86.64 17.31 -120.55 -52.72 Yes
avannah Sparrow
Passerculus sandwichens 20082009 52.48 8.23 36.35 68.61 Yes
20072009 -34.16 18.89 -71.18 2.86 No
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Species Effect
P Year size SE LCL UCL  Significant?
Grasshopper Sparrow 20072008  -58.53 12.88 -83.77  -33.29 Yes
Ammodramus savannaryr 20082009 62.99 8.68 45.98 80.00 Yes
20072009  4.46 14.84 -24.63 33.55 No
, 20072008  5.05 4.07 -2.93 13.03 No
Baird's Sparrow
Ammodramus bairgii 20082009 8.54 4.39 -0.06 17.14 No
20072009  13.59 4.06 5.63 21.55 Yes
20072008  -84.58 14.92  -113.84 -55.33 Yes
Ammodramus spp. 20082009  90.94 10.72 69.94  111.95 Yes
20072009  6.36 17.42 -27.79 40.51 No
Ammodramus Sp& 20072008 -140.09 23.11 -185.38 -94.80 Yes
Savannah Sparrow 20082009  109.96  12.81 84.84  135.08 Yes
Passerculus sandwichens 55075009  .30.13 2543  -79.98  19.72 No
Chestnutcollared 20072008 -25.46 32.95 -90.05 39.12 No
Longspur 20082009  87.97 35.99 17.44  158.51 Yes
Calcarius ornatus 20072009  62.51 38.39 -12.74  137.76 No
Eastern Meadowlark 20072008  5.45 3.19 -0.81 11.70 No
Sturnella magna 20082009  -0.28 2.99 -6.14 5.57 No
20072009  5.17 2.02 1.20 9.13 Yes
Western Meadowlark 20072008  -1.91 1.07 -4.02 0.19 No
estern ivieaaowiar
Sturnella neglecta 20082009  4.71 1.11 2.52 6.89 Yes
20072009  2.79 1.44 -0.03 5.61 No
Meadowlark spp 20072008  -0.57 4.69 -9.77 8.63 No
Sturnella spp. 20082009  1.41 2.96 -4.39 7.22 No
20072009  0.84 411 7.22 8.91 No
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APPENDIX D. BIRD-HABITAT RELATIONSHIP MODEL SELECTION RESULTS
Model selection with corresponding variable combinations (variable), number of parameters (# param.), log
likelihood (log Lik), Akaike's information criterion values with small sample size adjustment (AlCc), delta

Al C values with small sample size adjustment (e
Species Variable # param log Lik AlCc aAICc Wi AICc
Scaled Quail grass+shrub 4 -103.45 215.01 0.00 0.28
Callipepla squamata grass+other+shrub 5 -103.03 216.22 1.22 0.15

shrub 3 -105.16 216.39 1.38 0.14
grasé+shrub 5 -103.21 216.58 1.58 0.13
grasé+other+shrub 6 -102.49 217.20 2.20 0.09
other+shrub 4 -104.95 218.01 3.00 0.06
grass+othétshrub 6 -102.94 218.12 3.12 0.06
grasé+othef+shrub 7 -102.25 218.82 3.81 0.04
Northern Harrier gras$+othef 6 -239.23 490.70 0.00 0.35
Circus cyaneus grass+othér 5 -240.75 491.66 0.96 0.22
grasé+othef+shrub 7 -239.13 492.56 1.86 0.14
grasé+other 5 -241.45 493.07 2.37 0.11
grass+othétshrub 6 -240.61 493.44 2.74 0.09
American Kestrel grass+shrub 3 -228.52 463.11 0.00 0.33
Falco sparverius grass+other+shrub 4 -228.06 464.24 1.13 0.19
grasé+shrub 4 -228.52 465.15 2.04 0.12
grasé+other+shrub 5 -227.96 466.08 2.98 0.07
grass+othérshrub 5 -228.01 466.19 3.08 0.07
grass 2 -231.41 466.85 3.75 0.05
Say's Phoebe grass+other 4 -269.50 547.10 0.00 0.20
Sayornis saya grass+other+shrub 5 -268.64 547.45 0.35 0.17
grasé+other 5 -269.48 549.12 2.01 0.07
grass+othér 5 -269.50 549.16 2.05 0.07
grasé+other+shrub 6 -268.62 549.47 2.36 0.06
grass 3 -271.72 549.50 2.39 0.06
grass+othérshrub 6 -268.64 549.52 2.41 0.06
grass+shrub 4 -270.77 549.66 2.55 0.06
other 3 -272.13 550.33 3.22 0.04
gras§ 4 -271.26 550.62 3.52 0.04
grasé+shrub 5 -270.34 550.83 3.73 0.03
other+shrub 4 -271.45 551.01 3.90 0.03
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Species Variable # param log Lik AlCc aAICc Wi AICc
Loggerhead Shrike other 3 -376.13 758.33 0.00 0.15
Lanius ludovicianus grasé+other 5 -374.39 758.95 0.61 0.11
grass+other 4 -375.53 759.18 0.84 0.10
shrub+other 4 -375.56 759.22 0.89 0.09
othef 4 -375.59 759.30 0.96 0.09
grasé+other+shrub 6 -373.69 759.62 1.29 0.08
grass+other+shrub 5 -374.88 759.92 1.58 0.07
othef+shrub 5 -375.01 760.18 1.85 0.06
gras$ 4 -376.25 760.62 2.28 0.05
grasé+other 6 -374.19 760.62 2.28 0.05
grass+othér 5 -375.24 760.65 2.31 0.05
grasé+shrub 5 -375.46 761.08 2.74 0.04
grasé+othef+shrub 7 -373.50 761.31 2.98 0.03
grass+othérshrub 6 -374.58 761.40 3.07 0.03
Horned Lark grass+othérshrub 6 -465.73 943.69 0.00 0.66
Eremophila alpestris grasé+othef+shrub 7 -465.37 945.05 1.36 0.34
Sprague's Pipit Shrub 3 -144.99 296.04 0.00 0.20
Anthus spragueii othef+shrub 5 -143.05 296.27 0.23 0.18
grass+shrub 4 -144.10 296.31 0.27 0.17
other+shrub 4 -144.54 297.20 1.16 0.11
grass+other+shrub 5 -143.65 297.46 1.42 0.10
grass+othétshrub 6 -142.67 297.57 1.53 0.09
grasé+shrub 5 -144.10 298.36 2.32 0.06
grasé+othef+shrub 7 -142.41 299.12 3.08 0.04
grasé+other+shrub 6 -143.50 299.24 3.20 0.04
Clay-colored Sparrow grass+other+shrub 5 -131.99 274.15 0.00 0.20
Spizella pallida grass+othérshrub 6 -131.04 274.32 0.17 0.18
othef+shrub 5 -132.14 274.44 0.29 0.17
grasé+othef+shrub 7 -130.35 275.02 0.87 0.13
grasé+other+shrub 6 -131.56 275.36 1.21 0.11
grass+shrub 4 -133.94 275.99 1.85 0.08
other+shrub 4 -134.33 276.78 2.63 0.05
Shrub 3 -135.84 277.75 3.60 0.03
grasé+shrub 5 -133.93 278.03 3.88 0.03
Brewer ds Sp a grass+othétshrub 6 -416.05 844.34 0.00 0.67
Spizella breweri grasé+othef+shrub 7 -416.05 846.41 2.07 0.24
Vesper Sparrow grasé+other 5 -607.00 1224.16 0.00 0.51
Pooecetegramineus grasé+other 6 -606.80 1225.84 1.67 0.22
grasé+other+shrub 6 -607.00 1226.23 2.06 0.18
grasé+othef+shrub 7 -606.80 1227.91 3.75 0.08
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Species Variable # param log Lik AlCc aAICc Wi AICc
Lark Bunting Shrub 3 -156.50 319.06 0.00 0.26
Calamospiza melanocorys grasé+shrub 5 -155.24 320.64 1.57 0.12
grass+shrub 4 -156.38 320.88 1.82 0.11
other+shrub 4 -156.49 321.09 2.03 0.10
Grass 3 -158.00 322.07 3.00 0.06
grasé+other+shrub 6 -155.01 322.25 3.19 0.05
gras$ 4 -157.14 322.39 3.33 0.05
Other 3 -158.35 322.77 3.71 0.04
othef+shrub 5 -156.34 322.85 3.79 0.04
grass+other+shrub 5 -156.38 322.92 3.86 0.04
Savannah Sparrow grasé+shrub 5 -263.87 537.90 0.00 0.62
Passerculus sandwichensis grasé+other+shrub 6 -263.85 539.93 2.03 0.23
grasé+othef+shrub 7 -263.76 541.84 3.94 0.09
Grasshopper Sparrow grass+shrub 4 -127.84 263.78 0.00 0.14
Ammodramus savannarum Grass 3 -128.94 263.95 0.17 0.12
grass+other+shrub 5 -126.91 263.98 0.20 0.12
grasé+shrub 5 -127.04 264.24 0.46 0.11
grass+other 4 -128.11 264.34 0.56 0.10
gras$ 4 -128.29 264.69 0.91 0.09
grass+othétshrub 6 -126.37 264.96 1.18 0.08
grass+othér 5 -127.44 265.04 1.26 0.07
grasé+other+shrub 6 -126.54 265.31 1.53 0.06
grasé+other 5 -127.81 265.78 2.00 0.05
grasé+othef+shrub 7 -126.20 266.71 2.93 0.03
grasé+othef 6 -127.33 266.90 3.12 0.03
Bairdods Spar i grasétother 5 -97.42 205.01 0.00 0.42
Ammodramus bairdii grasé+other+shrub 6 -97.12 206.47 1.46 0.20
grasé+othef 6 -97.30 206.83 1.82 0.17
grasé+othef+shrub 7 -97.00 208.30 3.29 0.08
grass+othér 5 -99.29 208.75 3.74 0.06
Chestnutcollared Longspur grass+othésshrub 6 -199.97 412.17 0.00 0.60
Calcarius ornatus grasé+othef+shrub 7 -199.83 413.97 1.80 0.24
grass+othér 5 -202.70 415.56 3.38 0.11
Eastern Meadowlark grasé+other 5 -242.52 495.21 0.00 0.51
Sturnella magna grasé+othef 6 -242.50 497.23 2.02 0.19
grasé+other+shrub 6 -242.51 497.25 2.04 0.19
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APPENDIX E. SPECIESACCOUNTS

Each species account contairanparison of densities by GPCA, a map displaying relative density
estimates across the GPCAs, and predictive habitat relationship models if we were able to model them for
that particular species.

The density bar graphs contain densities estimates byAGRE a global estimate for each year with
associated 95% confidence limits representedeasor bars. The number of detections used to estimate
density (postruncation) appears in graph title, represented. bpensity estimateare in individuals pe
km?®. Referto Table Ifor interpretation of GPCA acronyms.

The species account maps show the same density estimates as the baklgrapgh the bar graphs laek
scale, they provida picture of relative abundance across the geographic distrilmiitibe species The
reader should refeéo the bar graphand Appendix Bor measures of err@ssociateavith each estimate.

Figures representing habitat relationships appdaahitat relationships were modeled fioat specieandif

the analysisdentified any strongly influential parameters amagnass cover, shrub cover andébher

cover. In order to maintain independerineour response variahlthe numier of independent observations

(i.e. clustersper transecivas our response varialflather than the number of individuals countedy is
represented on the Y axis. Average cluster size varies by species and ranged from 1.0 for American Kestrel
to 23.8 for Lark BuntingndChestnuicollared Longspur. Average cluster sizes are only givesdecies

with modeled habitation relationships as an aid to interpreting the response variable.
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Scaled Quail(Callipepla squamata

Scaled Quail was most common in the northern and western GPCAs. Average density of Scaled
Quail increased significantly and the proportion of all transects on which we detextgubcies

nearly doubled between 2007 and 2008, before declining agad®tol@vels in 2009. These

changes in global density appear to have been driven mainly by a large population increase, and
subsequent decrease, in Valles Centrales. Shrub cover had a positive influence on Scaled Qualil
abundance. Grass cover was alsamethin the top model and appears to have a positive effect.
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Scaled Quail Callipepla squamata
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WINTERING BIRD DENSITY AND HABITAT USE IN CHIHUAHUAN DESERT GRASSLANDS

Northern Harrier (Circus cyaneuy

Northern Harrier is the most common raptor winterin@mhuahuan Desert grasslaradsl was
found on 2530% of transects each year. Density was similar in most GPCAs, altNoutjiern
Harriers appedo be less abundant in Cuatro Ciénegas, Cuchilldas darca, and El Tokio.
Densities were also similar in most GPCAs across the three years, with the exception of Valle
Colombia where density increased significantly between 2008 and 2009. Northern Harrier
abundance was positively influenced by grass@aedt her 6 ground cover.
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Northern Harrier (Circus cyaneus)
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WINTERING BIRD DENSITY AND HABITAT USE IN CHIHUAHUAN DESERT GRASSLANDS

Ferruginous Hawk (Buteo regalig

Ferruginous Hawk is a local winter residenChihuahuan Desert grasslandikhough it can be

locally fairly common in areas with prairie dogsyfromys mexicanasd C. ludovicianusand

other fossorial rodents. El Tokio appears to be especially inmpoaisis Janos and Cuchillas de la
Zarca. Densities were low in all years, but increased significantly from 2007 to 2009. Too few were
detected in 2008 to analyze relationships with vegetation cover; regardless, the presence of fossorial
rodents is likey a more important factor.
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Ferruginous Hawk (Buteo regali3
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WINTERING BIRD DENSITY AND HABITAT USE IN CHIHUAHUAN DESERT GRASSLANDS

American Kestrel (Falco sparverius)

American Kestrel is a widespread winter resider@ihuahuan Desert grasslaradsl was

encounteed on roughly 20% of transects in all years. Local and global densities did not change
significantly between years, with the exception of significant increaaddapimi and Valle

Colombia in 2009. Grass cover had a positive effect on American Kestrel abundance. Shrub cover
appears to have had an even stronger negatieet @ffi abundance, although tB¥ exceeded 40%.
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American Kestrel (Falco sparveriu$
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WINTERING BIRD DENSITY AND HABITAT USE IN CHIHUAHUAN DESERT GRASSLANDS

Long-billed Curlew (Numenius americanus

Long-billed Curlews are a relatively rare winter residen€mhuahuan Desegrasslands We

detected Longpilled Curlew on 3% of transects in 2007 and 2008, and only on 1.5% of transects in
2009. Anecdotal observations suggest this species may instead prefer agricultural areas and water
bodies. Thus inferences to its abundamakdistribution from our data are limitasthce we only

surveyed grasslandd.onghbilled Curlews have been recorded in eight of the ten GPCAs, although
Janos, Mapimi, and El Tokio appear to support larger and more regudatlyring populations.
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Long-billed Curlew (Numenius americanuj
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WINTERING BIRD DENSITY AND HABITAT USE IN CHIHUAHUAN DESERT GRASSLANDS

Mourning Dove (Zenaida macroura

Mourning Dove is widely distributed across tBeihuahuan Desegrasslands winter. Global

density decreased significantly from 2007 to 2008 and remained lower in 2009. Similarly, the
percentage of transects on which we detected it dropped from 44% in 2007 to 20% and 26% in 2008
and 2009, respectively. High modgicertainty in our analyses of habitat relationships suggest
Mourning Doves occupy a broad range of grassland conditions, although grass caveratetate
levelof6 o0t her 86 cover appear to be most i mportant
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Mourning Dove (Zenaida macroura
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WINTERING BIRD DENSITY AND HABITAT USE IN CHIHUAHUAN DESERT GRASSLANDS

Burrowing Owl (Athene cunicularig

We have found Burrowing Owls in six of the GPCAs, including Janos, MapinT okio, Valles
Centrales, Lagunas del Este and Marfa. We found Burrowing Owl on 8% of transects in 2007 and
on 3% of transects in both 2008 and 2009. While there appears to be a decreasing tremddegion
there are no statistically significant differences in deristyveen years. The absence of Burrowing
Owls in El Tokio in 2008 and 2009 is noteworthyhis GPCA has a far higher percentage of
transects (89%) with prairie dogSyhomys mexicanughan any other GPCA and Burrowing Owls
have remained fairly common the surrounding agricultural areas where prairie dogs persist.
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30

o~

g 25

-

00

©

S is m 2007
=

S 10 - m 2008
‘_é 5 T s I 2009

i Hlﬂ F

CUAT CUZA JANO MAPI TOKI VACE VACO SONO LAGU MARF ALL

Grassland Priority Conservation Area

ROCKY MOUNTAIN BIRD OBSERVATORY
Conserving birds and their habitats 73



WINTERING BIRD DENSITY AND HABITAT USE IN CHIHUAHUAN DESERT GRASSLANDS

Burrowing Owl ( Athene cunicularig
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WINTERING BIRD DENSITY AND HABITAT USE IN CHIHUAHUAN DESERT GRASSLANDS

Short-eared Owl (Asio flammeu$

We found Shorteared Owls in Janos, Valles Centrales, Mapard Valle Colombia, where they

can be locally fairly common. Shestired Owlsappear to prefer areas with tall grass for roosting on
the ground during the day. Compared to most other raptoegticet probability is low, due their
crepuscular hunting habitats and tendency to roost on the ground amongst tall grass during the day,
often not flushing until anvbserver is nearly upon them. Oanwple size isnsufficient for

meaningful interpretatio of trends, although there appears to be a shgitsignificantdownward
trend.
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