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Summary

Many grassland bird species are of high continesdatervation concern due to large-
scale, continuing habitat loss and degradation owerh of their range. Chihuahuan
desert grasslands are globally important to maagsjand birds of western North
America, especially in winter, but they are incregly being lost to agriculture,
desertification, and shrub encroachment. Theverg little information on wintering
grassland bird distribution, abundance, habitat asd seasonal movements to guide
conservation in this region.

In January 2007, we initiated a first-ever, regwide survey to inventory, research and
monitor wintering birds in Chihuahuan desert Grasg|Priority Conservation Areas
(GPCASs) in Mexico to provide information to facdte their conservation in this
region. We used GIS to identify grasslands inrdggon and we conducted 468 1-km
line transects and 78 variable-length driving tesms at randomly-selected grassland



sites across the GPCAs. These surveys generdtechation on 40 grassland-associated
species, including 25 priority species of high omgil or continental conservation interest
to Partners in Flight, the U.S. Fish and Wildliferdce, SEMARNAT, and/or The

Nature Conservancy. We obtained reasonably preeissity estimates for 23 species,
including 12 priority species, across GPCAs, anststratified estimates by each

GPCA. We assessed key vegetation and habitat pteesrat each site that we believed
could be important in determining grassland birel. u¢/e determined habitat preferences
relative to shrub and grass cover for 22 spediés.also examined preference of prairie
dog towns by selected species.

Densities and richness of wintering grassland bratged across GPCAs. Some species
showed strong gradients of abundance across ti@nrggarticularly from north to south,
suggesting limited distributions. Eleven speclaswged strong preference toward
grasslands with a high proportion of grass coveraroidance of those with little

cover. Five species preferred sites with only matdelevels of grass cover. At least 16
species strongly preferred sites with less tharsthifab cover and avoided sites with
moderate to high levels of shrub cover. Threeisggueferred sites with moderate
levels of shrub cover. At least four species shbsteong preferences towards sites with
active prairie dog colonies.

Unfortunately, the habitat features preferred bywyngrassland birds were rare or
uncommon in many of the GPCAs. Nearly 2/3 of aasgland sites had more than 3%
shrub cover, a threshold above which habitat ugarbé decline for many grassland
species. Given the widespread degradation of lgrags in the region, and the
preference of many species for relatively rare gjeal conditions (e.g., little or no shrub
cover), the restoration of grasslands in Chihualdesert could significantly improve the
region’s carrying capacity for many wintering giassl bird species.

Based on our results and experience from 200%yiWeadjust various aspects of the
project in 2008 that should enhance the qualitgat collected in the future. Some
challenges still remain, particularly in regardshe GIS, but with the improvements
identified, we are optimistic that these can bercame.



Introduction

Populations of many grassland bird species, inoly@i7 species of continental
importance for Partners in Flight (PIF) and/or th&. Fish and Wildlife Service
(USFWS), are undergoing massive population decliluesto large-scale, on-going
habitat loss and degradation over much of theigeanThreats to native grasslands are
accelerating in many regions due to expanding aljuie, urbanization, desertification,
and invasive species.

The western Great Plains, from southern Alberta%amkatchewan to southern New
Mexico and west Texas, have the most extensiverdadt native grasslands remaining
in North America, and support the most importamieoiing areas for the greatest number
of grassland bird species (Figure 1A). Over 90%ratsland-breeding bird species in
the area are migratory; only the Galliforms (iprairie chickens, grouse) are truly
resident. The greatest number of migratory grasstpecies in the western Great Plains
over-winter in the Chihuahuan desert of northerxigle and the southwestern United
States (Figure 1B). Native grasslands are limitetiis region, occupying less than 12%
of the Chihuahuan desert (Bird Conservation Regnn Mexico, yet they are globally
important for the over-winter survival of many riols of North American grassland
birds. However, little information exists on thdistribution, abundance, habitat use, and
movements in the region. Also no baseline datst&xd monitor regional population
trends, impacts of continuing habitat loss, oraedton. The goal of this project is to
provide this information through a standardizedd@an-sampling scheme that allows for
local and regional population monitoring, rapidentories of priority sites, and insight
into important habitat requirements for grasslamdsoin the region. This information is
urgently needed to facilitate conservation acti@nsvintering and resident grassland
birds in the Chihuahuan desert.

Figure 1. Areas important to breeding (A) and eifiintg (B) grasslands birds of the western GreahPla
(courtesy P. Blancher, Canadian Wildlife Service).

In cooperation with The Nature Conservancy (TN@¢g, Wniversidad Autonoma de
Nuevo Ledn (UANL), and other U.S. and Mexican parsn we implemented bird
surveys across eight Grassland Priority Consemaieas (GPCAS) in the Chihuahuan



desert of Mexico in January and February of 200ese eight GPCAs (Sonorita, Janos,
Valles Centrales, Valle Colombia, Cuchillas de éaca, Mapimi, Cuatro Ciénegas, and
El Tokio) encompassed 97,937 kof grasslands in seven states, including Sonora,
Chihuahua, Coahuila, Durango, Zacatecas, Nuevo,la@hSan Luis Potosi. Our
primary objective was to estimate abundance ajralésland birds, while emphasizing
priority species as identified by major bird consion initiatives including PIF, TNC,
USFWS, and the U.S. and Canadian Shorebird Cortganilans.

The goals and objectives of this project were desigwith participation from over 20
partners from universities, NGO'’s, and federal atade agencies in the U.S. and Mexico
at the Third International Symposium on Grasslamd§hihuahua, Chihuahua, Mexico,
in August 2006. A detailed account of the proggoals, study design, and methodology
are given in Panjabi et al. (2006). UANL coordethtmplementation of the field

surveys through a network of regional partnerduttiog Profauna Chihuahua, Profauna
Coahuila, Universidad Juarez de Durango, UANL, BMBO.

Methods

Survey design We used GIS data available from CONABIO (Inverttdrorestal 2002)
and TNC (Karl and Hoth 2005) to identify existiragdet vegetation types (native
grasslands and halophytic vegetation) and GPCAsmA&ird Conservation Regions 34
(Sierra Madre Occidental) and 35 (Chihuahuan deseMexico. Although this project
is focused on the Chihuahuan desert, it was negessaclude BCR 34, as BCR35 did
not include the extensive grasslands of the lovier&Madre Occidental, in northwest
Chihuahua and in northeast Sonora. We placeddagroughly 18 x 18 km blocks over
this area to identify potential random survey séied ensure adequate dispersion among
samples. We eliminated blocks with less than Sokmoad running through targeted
vegetation types, to exclude blocks with few orcoessible grasslands. We split these
blocks into two groups, those that intersected WBCASs and those that did not. One
hundred and forty-two blocks intersected with tHeGAs that also met the other
aforementioned criteria (Figure 2). From theseravelomly selected 80 blocks (in
proportion to their availability in each GPCA) four random sample. Using GIS, we
placed randomly-numbered points 500 m apart altdimgads in each survey block to
mark potential start locations for transect surveys

Observers were instructed to scout out transegegaroutes prior to conducting surveys
to locate the first three random points that felgrassland habitat, and obtain landowner
permission for access. Transect starting poirasféil in unsuitable habitat (i.e. desert
shrubland, agricultural fields), or were inaccekes(be., access not granted, road no
longer existed, etc.) were dropped and replaceld thé next successively numbered
random point. If the entire block was unsuitabie, block was discarded and replaced
with the nearest available block.

It was necessary to adapt our survey design ifigleeto account for problems with the
GIS used to identify sites. Frequently, roads show the GIS that were used to identify
random starting locations for transects had eitleen obliterated, closed, or relocated.
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Figure 2. Grassland Priority Conservation AreaBQ&s) in northern Mexico and potential survey bkck
identified.

Also, additional roads frequently existed that weoé shown in the GIS. In situations
where pre-identified points were not accessiblesgokers dropped these points and
replaced them with the next lowest-numbered randomt, or if other roads were
available near the originally-selected point, thegd GPS to navigate to a point nearest
to the original start location on the “new” roatihe new point served as surrogate for the
randomly located transect start point, all otherditoons (i.e., habitat) being equal.

Survey protocol -The bird survey methodology employed followed ttegcribed by
Panjabi et al. (2006), with minor modificationsdescribed below. We used two
complimentary survey techniques to maximize dedestin each survey block: six 1-km
line transects (Buckland et al. 2003), and a véeidngth driving transect (Figure 3).
Line transects were paired, with each pair stafftiogn one of three random points along
roads in grasslands and heading perpendicularly &dwen each other and the road.
Although we had originally intended to do 10 1-kneltransects in each block (as
described in Panjabi et al. 2006), this was nosibs due to long on-the-ground travel
times between points. Observers estimated ladigs&nces from the transect line to each
bird or bird cluster detected, using laser rangkdis to measure distances and gauge
estimates whenever possible.
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Figure 3. Example of a survey block, with drivimgel transect shown in yellow, and paired 1-km line
transects shown in blue.

Variable-length driving transects were conduct@m@lroads from moving vehicles (<30
kph, safety permitting) by one or more observergeatmaveling in the block between the
random start locations of the line transects. iDguransects focused only on a subset of
larger, more detectable grassland birds, includageral priority species (see Appendix
D). Observers recorded the mileage driven duraapéeg of this transect, and recorded
UTM locations for priority species detected. Latatistances to birds from the road
were not recorded consistently among observerdgerarg the data largely unusable for
estimating density from these surveys.

Vegetation Surveys After completing line transects, observers madealisstimates of
vegetation parameters while returning to the treinstart point. Observers used GPS to
identify three 100 m segments along each transeatifig from the transect end, at 800-
700 m, 550-450 m, and 300-200 m) where vegetatawameters were surveyed out to 50
meters on either side of the transect (FigureMdng each segment, observers estimated
percent cover shrubs, trees, and tall cactus acchgu>.33 m) within categories of <1%,
1-3%, 4-10%, 11-25%, 26-50%, 51-75%, and 76-100%%ing these same categories,
observers also estimated percent ground coveraskgs, forbs, bare ground, low (<.33
m) woody cover, low cactus, low yuccas and rockhewestimating ground cover,
observers focused primarily along and near thesgeirline as they walked each segment,
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Figure 4. Vegetation survey plots along line temts.

and then extrapolated estimates out to 50 m, miodifshem only if there were major
changes apparent within 50 m. For grass covegrobss estimated the percent of
available grass above and below 15 cm, generallygmearest 10%.

Out to 100 m on either side of the same line treinsegments, observers also recorded
the presence/absence of prairie dogs, artificiedhmes, and surface water. They also
visually evaluated grazing intensity in each segmehative to what the land appeared
able to support, and ranked it as either high, omador low, based on visual
characteristics reflective of range health, sucexaent and height of cropped grass,
extent of bare ground, extent of shrub-invasiomemixof browsing on shrubs and other
woody or succulent vegetation, and visual evidesic®il erosion and other
environmental conditions.

Other field procedures ©bservers were to begin surveys at dawn and agntintil the
six line transects and the variable-length driviragnsect in each survey block were
completed, usually within six hours. However, thefas confusion over this, as some
observers conducted surveys in the afternoon. $éd Beaufort scales to estimate
atmospheric conditions at the start and end o¥énmble length driving transect. We
did not conduct surveys during winds higher thg@@+29 kph) or during any
precipitation greater than drizzle.

Training --One Canadian, one U.S., and 13 Mexican field bistsgcompleted a five-
day training session led by RMBO at Rancho El Urear Janos, Chihuahua, from
January 22-27, 2007. Three other Mexican biolsgisho did not conduct surveys for
this project, also participated in the training.

The training curriculum included presentations kewdures on the project background,
survey design, Distance sampling theory and practind grassland bird identification.



The five-day course emphasized in-field practiceiad identification, distance
estimation, and survey procedure, but also usemaislal aids such as Thayer’'s
birding software, slides, and other digital imatgepractice and discuss grassland bird
identification in a classroom setting. Daily tegtiwas an integral part of the training that
helped engage participants in learning and impigptheir skills, and provided
guantitative measures of observer’s skill level pragjress over the course of the
training.

Unfortunately, the training session was affectednglement weather on four out of five
field days. Wet, heavy snow fell nearly contindgukeading to the closure of all
highways in northern Chihuahua and severe det¢iooraf secondary roads. Needless
to say, this complicated field activities. Vehitlavel on and off the ranch was difficult,
limiting opportunities for practice. Studying bsrth the field was also more difficult, as
the cold wet weather rendered many participantsddulars unusable. Aside from optics
malfunctioning, the deep snow actually made iterasi see some otherwise cryptic
species, such asmmodramusparrows and Sprague’s Piphinthus spragueijalbeit
under unusual conditions that caused atypical helav

Despite the weather, the 15 observers perseverckargamoved their bird identification
skills over the course of the training. By the efithe session, most could readily
identify 80-90% of the species encountered. Olessrwere provided with hard copies
of survey protocols, data forms and instructiorgaactodes, and grassland bird
identification materials, and were instructed tatgaue practicing bird identification in
their respective survey areas before initiatingntsu

Analyses -All density estimates were generated using prodgbastance 5.0 (Thomas et
al. 2006). Line transects were the primary sangplinit. In most cases, we right-
truncated species datasets between 5-15% to eteningliers and improve model
performance. In a few cases, specific truncatimintg were chosen to correspond to
where detectability dropped below 10-20%. We wgedal detection functions for each
species and post-stratified density estimates b§ &PWe used the following functions
to model bird density, Half-normal/Cosine, Half-nm@i/Hermite Polynomial,
Uniform/Cosine, and Hazard Rate/Simple Polynonaiaj used AIC, or where sample
size was small AICc (n<60), to select among thénsecondary consideration in model
selection was the number of parameter adjustmentsred to fit each model. In a few
instances, heaping of recorded distances aroundhooiy used numbers (e.g., 25 m, 50
m, etc) caused poor model fit. In these casegragped observations into equal
distance bins to improve performance of models. révieanalyses for all grassland-
associated species or species groups with at2@astiependent observations across all
transects, although only five of 23 species analyrel fewer than 60 observations.
Although this minimum threshold 020 is below that recommended by the authors of
program Distance (n>60), some species for whidhtixaly small sample sizes were
obtained are of conservation interest. Thus, Wetfeas better to present information
on these species in a manner consistent with ateyses, that consider detection
probability and provided comparable measures afrerather than present unadjusted
indices of abundance for these species.



We calculated average richness of grassland-assddad species in each GPCA by
tallying the number of grassland-associated speemsded on each transect in each
GPCA (excluding unknowns) and averaging these aath¢ransects in the GPCA. For
this report, grassland associate bird speciesdeslall species that depend on (entirely
or in part), or prefer, native grasslands in théhGahuan desert in winter. We calculated
total species richness in each GPCA by includihgcies detected in each GPCA
during both line and driving transects.

We used Chi-square Goodness-of-Fit tests and Bomieadjusted confidence intervals
(Neu et al. 1974, Byers et al. 1984) to determigeificant differences in observed vs.
expected bird use among vegetation types. We ipeeid these Chi-square analyses for
all grassland bird species for which we had attl8@sndependent detections to
determine preference among classes of shrub asd goaer, as well as sites with prairie
dogs vs. sites without.

To analyze use vs. availability of these classesused only independent detections (i.e.
clusters) of each species per transect to deterasi@grather than the total number of
individuals observed, in order to increase indeperd among samples. Availability of
vegetation types was based on the proportion @digach category was assigned along
the three 100-m vegetation samples along eachethnBecause of the unequal nature
of the cover estimation categories, it was not ipbss$o determine average coverage of
grasses, shrubs, and other categories along eawdetat. However, since we did not
record specific locations of birds along each teahst was also not possible to associate
individual birds with a specific vegetation assesstron a transect. Therefore, we
related each species’ abundance on a transedittoed vegetation assessments made
along that transect. This did not affect the asedyrelated to use of prairie dog towns.

Results

Twenty-one observers conducted 468 off-road 1-km ffansects and 78 variable-length
driving transects, in 78 survey blocks in seven @®8etween January 30 and March 3,
2007. We conducted 18 transects in 3 blocks intrGu2iénegas, 96 transects in 16
blocks in Cuchillas de la Zarca, 78 transects iblb8ks in Janos, 72 transects in 12
blocks in Mapimi, 54 transects in 9 blocks in Ekibg 126 transects in 21 blocks in
Valles Centrales, and 24 transects in 4 blocksahevColombia. Twelve transects in the
only two survey blocks in Sonorita were not comgidietiue to time constraints, logistics,
and potential safety concerns.

It is important to note that the boundary for Vallelombia, a GPCA in northern
Coahuila, seems to be somewhat misplaced in regpéoe important grasslands in this
area. Observers to this GPCA discovered that tedaries mainly encompassed the
Sierra del Carmen and some lowland desert argag toest, but did not include the
extensive grasslands around the small communitfatié Colombia, which lies east of
this range. Hence, the results from this GPCAertftiensities of grassland birds in the



more limited grasslands of the mountains and desgrter than in the extensive
grasslands around Valle Colombia.

Density
Off-road 1-km line transects I total, observers recorded 6,848 bird detecttoteding

25,409 birds of 125 species (Appendix A), includddggrassland-associated bird
species, 28 of which are of high continental, malpor regional conservation
importance to PIF, USFWS, TNC, or Instituto Nacios@ Ecologia (INE) (priority
specief Table 1). An additional 2,550 birds recordeddbservers were not identified
to species. Most important of these were 469 unified Spizellasparrows, 114
unidentifiedAmmodramusparrows, 954 additional unidentified sparrows lfenzidae),
673 unidentified longspur€alcariussp.), and 229 unidentified meadowlar&surnella

sp.).

Table 1. Grassland-associated conservation prispiégies detected on line-transects in Chihuahasertl

Grassland Priority Conservation Areas (GPCAS) irxidie.

Partners in Flight USFWS BCC 20022
TNC
Common Name Scientific Name "Unlucky
U.S.-Canada| BCR34 BCR35 National BCR34 BCR35 13" INE*
Scaled Quail Callipepla squamata Y Y Y Y
Northern Harrier Circus cyaneus Y Y Y
Bald Eagle Haliaeetus leucocephalus Y
Harris's Hawk Parabuteo unicinctus Y Y
White-tailed Hawk  [Buteo albicaudatus Y
Ferruginous Hawk |Buteo regalis Y Y Y Y Y Y
Golden Eagle [Aquila chrysaetos Y
Prairie Falcon Falco mexicanus Y Y Y Y
Sandhill Crane Grus canadensis Y
Mountain Plover Charadrius montanus Y Y Y Y Y Y
Long-billed Curlew |Numenius americanus Y Y Y
Burrowing Owl Athene cunicularia Y Y Y Y
Long-eared Owl Asio otus Y
Short-eared Owl Asio flammeus Y Y Y Y Y
Loggerhead Shrike |Lanius ludovicianus Y Y Y
Sprague's Pipit Anthus spragueii Y Y Y Y Y
Cassin's Sparrow  |Aimophila cassinii Y Y Y Y
Botteri's Sparrow  [Aimophila botterii Y
Brewer's Sparrow  |Spizella breweri Y Y Y Y
Clay-colored
Sparrow Spizella pallida Y
Vesper Sparrow Poocetes gramineus Y
Lark Sparrow Chondestes grammacus Y
Lark Bunting Calamospiza melanocorys Y Y Y Y Y
Grasshopper
Sparrow /Ammodramus savannarum Y Y
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Partners in Flight* USFWS BCC 20022
TNC
Common Name Scientific Name "Unlucky
U.S.-Canada| BCR34 BCR35 National BCR34 BCR35 13" INE*

Baird's Sparrow /Ammodramus bairdii Y Y Y Y Y

McCown's Longspur [Calcarius mccownii Y Y Y Y Y
Chestnut-collared

Longspur Calcarius ornatus Y Y Y Y Y Y

Eastern Meadowlark|Sturnella magna Y Y

"Partners in Flight Species Assessment Databasé. Retky Mountain Bird Observatory Website
(www.rmbo.org/pif/pifdb.htm). Regional priority status reflects both breedamgl wintering regional
conservation assessments for BCRs 34 and 35.

2 U.S. Fish and Wildlife Service. 2002. Birds of servation concern 2002. Division of Migratory Bird
Management, Arlington, Virginia. 99 ppttp://migratorybirds.fws.gov/reports/bcc2002. pdf

*The Nature Conservancy, Prairie Wings projatip://www.nature.org/initiatives/programs/birdgséore/
“Instituto Nacional de Ecologia. NORMA Oficial Mexina NOM-059-ECOL-2001.
http://www.ine.gob.mx/ueajei/norma59a.html

We obtained sufficient sample sizes (n>20) for yeed for 23 grassland-associated
species, including 13 priority species, and 4 gergoups (Table 2). No single
grassland species was found on more than 47%rufecsés. Vesper Sparrow, a regional
wintering priority species for PIF in the Chihuahudesert Bird Conservation Region
(BCR35), was the most widespread species andatagisurred in highest average
density across the region relative to other speel#isough it was by far more abundant
in the North. In descending order, the next mbsidant species, region-wide, were
Clay-colored Sparrow, Savannah Sparréwmodramusparrows, and Mourning Dove.
In descending order, the most widespread grasslp@cies (or groups), as measured by
the proportion of transects on which they were cetkrp. trans), were Vesper
Sparrow, Mourning Dovespizellasparrows, Savannah Sparrow, &mdmodramus
sparrows.

Of the five highest density species mentioned aponly three are also among the five
most numerous species recorded on transects ifiataber individuals detected, pre-
truncation): Lark Bunting (N=3,014), Mourning Do{d=2,723), Chestnut-collared
Longspur (N=2,586), Vesper Sparrow (N=2,152), atay£olored Sparrow (N=1,861).
The species that are in both groups occur in dffeorder in these lists, suggesting that
detectability of species is important in measupogulations of wintering grassland
birds and interpreting results.

Table 2. Average densities of wintering grasslaind species detected on line transects in Chiharahu
desert Grassland Priority Conservation Areas (GB@AKlexico.

Common Name Scientific Name D LCL UCL Ccv n prp.tra ns.
Scaled Quail Callipepla squamata 9.61 3.91 23.62 46% 38 0.07
Northern Harrier Circus cyaneus 0.70 0.51 0.95 16% 76 0.20
Red-tailed Hawk Buteo jamaicensis 0.33 0.22 0.48 19% 68 0.15
American Kestrel Falco sparverius 0.52 0.38 0.70 16% 64 0.13
Sandhill Crane Grus canadensis 0.57 0.20 1.63 55% 20 0.02
Mourning Dove Zenaida macroura 38.90 29.88 50.63 13% 476 0.41
Burrowing Owl Athene cunicularia 1.44 0.54 3.87 52% 28 0.06
Say's Phoebe Sayornis saya 1.35 1.06 1.73 12% 112 0.19
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Common Name Scientific Name D LCL UCL Ccv n prp.tra ns.
Loggerhead Shrike Lanius ludovicianus 1.42 1.14 1.76 11% 140 0.24
Chihuahuan Raven Corvus cryptoleucus 2.55 1.50 4.32 27% 76 0.18
Horned Lark Eremophila alpestris 9.35 6.32 13.85 20% 193 0.15
Mountain Bluebird Sialia currucoides 4.74 1.24 18.19 65% 61 0.08
Sprague's Pipit Anthus spragueii 2.93 1.20 7.15 44% 40 0.07
Clay-colored Sparrow Spizella pallida 53.01 37.71 74.51 17% 267 0.24
Brewer's Sparrow Spizella breweri 8.65 5.08 14.74 27% 86 0.13
Spizella spp. Spizella spp. 103.19 81.42 130.77 12% 552 0.39
Vesper Sparrow Pooecetes gramineus 69.16 57.85 82.69 9% 838 0.47
Lark Sparrow Chondestes 4.11 2.10 8.06 35% 48 0.06
grammacus
Lark Bunting Calamospiza 31.69 12.98 77.35 47% 82 0.10
melanocorys
Savannah Sparrow Passerculus 52.25 32.35 84.39 24% 401 0.28
sandwichensis
Grasshopper Sparrow Ammodramus 25.53 18.53 35.19 16% 191 0.18
savannarum
Ammodramus sp. Ammodramus spp. 40.58 30.37 54.22 15% 304 0.25
Chestnut-collared Calcarius ornatus 33.59 21.74 51.90 22% 184 0.12
Longspur
Calcarius spp. Cacarius spp. 34.35 22.13 53.32 23% 209 0.12
Eastern Meadowlark Sturnella magna 1.08 0.71 1.65 21% 68 0.10
Western Meadowlark Sturnella neglecta 2.06 0.96 4.44 40% 44 0.07
Sturnella spp. Sturnella spp. 5.27 3.69 7.50 18% 203 0.22

D=average density (birds/Kin LCL=lower confidence limit on D; UCL=upper codénce limit on D;
CV=Coefficient of variation on D; n=number of obg&tions used to estimate Pdst-truncatiof; prp.

trans. = proportion of transects on which specias detected

Average densities of most species varied acrossAGR&ppendix B), but aside from
cases where some species were completely absentédain GPCAs, statistically
significant differences were relatively few. Howeyvbased on non-overlapping 95%
confidence limits around density estimates, a féfer@nces are notable. Say’s Phoebes
were more abundant in Mapinid£4.2 birds/kn) than in other GPCAs. Lark Buntings
(D=196.8 birds/krf) and Chestnut-collared LongspuB=(78.0 birds/krf) were
significantly more abundant in Janos than in oBBCAS. Clay-colored Sparrows
(D=239.1 birds/krf) and Lark Sparrows)=25.9 birds/krf) were most abundant in
Cuchillas de la Zarca, although the 95% confidentarval on the estimate for Clay-
colored Sparrow overlaps slightly with the interf@ this species in Mapimi. Vesper
Sparrows were significantly more abundant in JgBe231.2 birds/krf) and Valles
Centrales=174.6 birds/krf) than other GPCAs. Eastern Meadowlark was als@mo
abundant in Jano®E5.2 birds/km) and Valles Centrale®€E1.7 birds/krf) than in
other GPCAs.

Variable-length driving transects ©bservers recorded 1024 birds of 22 species during
the variable-length driving transects conductedanh survey block (Appendix C).
Although this survey did add several additionalcsgeto the GPCA inventories,
including sometimes priority or other rare speciedpes not appear that it provided
substantially more detections than the off-road tirmnsects for any species not already
adequately sampled by the line transect surve shinvey did yield more observations
of Ferruginous Hawk (N=22) and Harris’s Hawk (N=26an line transects.
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Surprisingly, this survey didn't yield a single elpgation of Mountain Plover or Long-
billed Curlew, and it provided significantly fewebservations of Burrowing Owl (N=7)
than the line transects (N=33). The most numespesies recorded on driving transects
were common raptors, including Red-tailed Hawk,tNem Harrier, American Kestrel,
as well as Loggerhead Shrike. No densities wermated from these data as distance
estimates were not recorded consistently.

Species Richness

In total, 40 grassland-associated species weretdeten both the line transect and
driving transect surveys, although the numbersiohspecies found in each GPCA
varied considerably (Table 3). Cuatro Cienégasthadewest species on average while
Janos and Cuchillas de la Zarca had the most.rélatvely low value for Valle

Colombia should be considered in light of the pnéd®undary for this area, which
includes mostly mountains and desert rather thasstginds. Based on combined results
from both line transect and driving transect susy&alles Centrales supported the
greatest number of grassland-associated specilesyéd by Janos, Mapimi, Cuchillas

de la Zarca, El Tokio, Valle Colombia and Cuatreériggas.

Table 3 Species richness of grassland-associatéslinieach Grassland Priority Conservation Area
(GPCA).

GPCA Total # grassland species Average # grassland Standard Error
detected* species per 1-km transect

Cuatro Ciénegas 11 1.94 0.36
Cuchillas de la Zarca 27 9.66 0.48
Janos 34 9.56 0.48
Mapimi 29 6.32 0.41
El Tokio 22 5.24 0.36
Valles Centrales 35 6.09 0.28
Valle Colombia 18 3.38 0.51
All GPCAs 40 7.04 0.20
Vegetation

Although we did not test for statistical differesgc@egetation characteristics appear to
vary substantially among GPCAs (Appendix E).

Shrub cover Only 22% of grasslands across GPCAs had litleotshrub cover (<1%
cover); nearly half (49%) had >10% cover. The 3agrasslands appeared to be in best
shape, with 53% essentially free of shrub covefg<bver); well more than twice the
proportion of any other GPCA (Table 4). Cuchiltksla Zarca and Mapimi had the
fewest open grasslands (<1% shrub cover; 8% and d&%ectively). Sixty-six percent
of grasslands surveyed in Cuchillas de la Zarca &R& more than 10% shrub cover,
whereas in Janos, only 18% of sites had more tB&n shrub cover. Grasslands in other
GPCAs also had a high prevalence (39-58%) of sh{xh3% cover), indicating that
shrub invasion in grasslands is very widespread.

Table 4. Shrub cover estimates in grasslands isgBrad Priority Conservation Areas (GPCAS) in Mexic

Proportion of sites in each GPCA*
Shrub Cover CUAT CUZA JANO MAPI TOKI VACE VACO AllGPCAs
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<1% 0.17 0.08 0.53 0.13 0.18 0.21 0.20 0.22
1-3% 0.09 0.12 0.17 0.09 0.10 0.15 0.10 0.13
3-10% 0.35 0.14 0.12 0.27 0.13 0.14 0.23 0.17
10-25% 0.35 0.15 0.08 0.28 0.27 0.13 0.28 0.18
25-50% 0.04 024 0.06 0.19 0.19 0.16 0.13 0.16
50-75% 0.00 0.18 0.03 0.03 0.10 0.14  0.06 0.10
75%-100% 0.00 0.09 0.01 0.00 0.02 0.08 0.01 0.05

* GPCA abbreviations: CUAT = Cuatro Ciénegas; CUZ&uchillas de la Zarca; JANO = Janos; MAPI =
Mapimi; TOKI = El Tokio; VACE = Valles Centrales;ACO = Valle Colombia

Tree cover -Tree cover was relatively uncommon in grasslandaast GPCAs (Table
5). Across GPCAs, 82% of sites had less than <d%érc The exception was Cuchillas
de la Zarca, where 47% of vegetation samples hé&eltrde cover. Janos had the lowest
incidence of trees, with 98% of sites essentiakhg fof trees (<1% cover).

Table 5. Tree cover estimates in grasslands inginag Priority Conservation Areas (GPCAS) in Mexico

Proportion of sites
Tree Cover CUAT CUZA JANO MAPI TOKI VACE VACO AllGPCAs
<1% 0.87 053 0.98 0.83 0.85 0.90 0.94 0.82
1-3% 0.09 0.17 0.00 0.04 0.10 0.06 0.04 0.07
3-10% 0.02  0.09 0.00 0.09 0.04 0.02 0.01 0.04
10-25% 0.02 0.07 0.01 0.02 0.01 0.01 0.00 0.02
25-50% 0.00 0.07 0.01 0.01 0.00 0.02 0.00 0.02
50-75% 0.00 0.06 0.00 0.00 0.00 0.00 0.00 0.01
75%-100% 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00

* GPCA abbreviations: CUAT = Cuatro Ciénegas; CUZ&uchillas de la Zarca; JANO = Janos; MAPI =
Mapimi; TOKI = El Tokio; VACE = Valles Centrales;ACO = Valle Colombia

Grass cover -Across all GPCAs, nearly one-fifth (19%) of sitasked any significant
(>=1%) grass cover, and less than one-third hads>§fass cover (Table 6). Estimates
of grasscover were greatest in Janos, where 62% of si@ahieast 50% grass cover,
nearly double that of any other GPCA. EIl Tokio &whtro Ciénegas had the fewest
sites with high grass cover (>50%; 5% and 10%,aetsygely). Cuatro Ciénegas had the
highest proportion of sites with <1% grass cové&?f, suggesting nearly half of the
grasslands in this GPCA lack grass. Cuchillasadédrca and Mapimi also had a high
proportion of sites with <1% grass cover (30% aB#%3respectively). Janos and Valles
Centrales had the lowest proportion of sites witPo<grass cover (3% and 7%,
respectively), although 20% of sites in Valles Calets had only 1-3% grass cover.

Table 6. Grass cover estimates in grasslands iastamad Priority Conservation Areas (GPCAS) in Mexic

Proportion of sites
Grass Cover CUAT CUZA JANO MAPI TOKI VACE VACO Al GPCAs
<1% 0.46 0.30 0.03 0.33 0.14 0.12 0.07 0.19
1-3% 0.20 0.08 0.04 0.08 0.13 0.05 0.20 0.08
3-10% 0.06 0.10 0.04 0.19 0.22 0.09 0.07 0.11
10-25% 0.00 0.15 0.09 0.17 0.30 0.14 0.20 0.15
25-50% 0.19 0.16 0.18 0.12 0.17 0.26 0.15 0.19
50-75% 0.04 0.15 0.29 0.06 0.04 0.21 0.21 0.16
75%-100% 0.06 0.06 0.33 0.05 0.01 0.13 0.10 0.12
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* GPCA abbreviations: CUAT = Cuatro Ciénegas; CUZ&uchillas de la Zarca; JANO = Janos; MAPI =
Mapimi; TOKI = El Tokio; VACE = Valles Centrales;ACO = Valle Colombia

Bare ground-- As might be expected, estimates of bare graradchearly opposite of
grass cover, but they also reflect the proportibground area not covered by rock or
vegetation other than grass, including low cadtus,yucca, herbs, and low woody
cover. Across GPCAs, 30% of grassland sites h&dohare ground (Table 7). Cuatro
Ciénegas had the highest proportion of sites wi®% bare ground (59%), followed by
Mapimi (55%), El Tokio (38%), Valle Colombia (32%d Valles Centrales (30%).
Janos had the highest proportion of sites (23%) wit% bare ground, followed by
Cuchillas de la Zarca (16%) and Valle Colombia (15%verall, Cuchillas de la Zarca
and Janos had the lowest proportion of sites withenthan 50% bare ground (13% and
14%, respectively).

Table 7. Estimates of bare ground in grasslan@r assland Priority Conservation Areas (GPCAS) in
Mexico.

Proportion of sites
Bare Ground Cover CUAT CUZA JANO MAPI TOKI VACE VACO AllGPCAs
<1% 0.09 0.16 0.23 0.02 0.00 0.05 0.15 0.10
1-3% 0.06 0.17 0.20 0.01 0.03 0.09 0.11 0.10
3-10% 0.04 0.20 0.16 0.06 0.07 0.10 0.21 0.13
10-25% 0.11 0.19 0.09 0.11 0.12 0.19 0.11 0.15
25-50% 0.11 0.14 0.19 0.25 0.40 0.27 0.08 0.23
50-75% 0.15 0.10 0.08 0.26 0.23 0.22 0.21 0.18
75%-100% 0.44 0.03 0.06 0.29 0.15 0.08 0.11 0.12

* GPCA abbreviations: CUAT = Cuatro Ciénegas; CUZ&uchillas de la Zarca; JANO = Janos; MAPI =
Mapimi; TOKI = El Tokio; VACE = Valles Centrales;ACO = Valle Colombia

Prairie Dogs-- Prairie dogs are key ecological drivers of kathgonditions important to
many grassland birds. Prairie do@yfomys ludovicianusndC. mexicanuswere
recorded on 26 of 468 transects (~6% of sites) mdiwthe GPCAs, Janos and El Tokio.
Most observations (81%) were from El Tokio, wheraipe dogs were found on 39% of
grasslands. Nineteen percent of prairie dog obsens were from Janos, where they
were observed on 6% of sites.

Grazing intensity- Half of the grasslands across GPCAs showed sighgh grazing
pressure, while less than 1/4 of grasslands shewed of low grazing pressure (Figure
5). Among GPCAs, high grazing pressure was modésyread in El Tokio (reported on
90% of sites) and Cuatro Ciénegas , 90% and 748iiex, respectively,
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All GPCAs Grazing Intensity CUAT Grazing Intesity CUZA Grazing Intensity MAPI Grazing Intensity
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Figure 5. Visual assessments of grazing intemsigrasslands across Grassland Priority Conservatio
Areas (GPCAS) in Mexico.

Habitat Use

Grass cover use vs. availabilityWe examined observed vs. expected use of grass cove
classes for 22 species (Appendix D). At leastdelces showed a significant preference
for grassland sites with a high proportion of gre@ger and a significant avoidance of
sites with little or no grass cover (Figure 6).e%h species included Scaled Quiail,
Northern Harrier, American Kestrel, Mourning Do@nmmon Raven, Horned Lark,
Sprague’s Pipit, Grasshopper Sparrow, ChestnugtemllLongspur, Eastern
Meadowlark, and Western Meadowlark. Five spediesiftailed Hawk, Burrowing Owl,
Say’'s Phoebe, Chihuahuan Raven and Clay-coloreddpeshowed a significant
preference for sites with intermediate levels afsgrcover, while significantly avoiding
sites with either extremely low and/or high levelgrass cover (Figure 7). Lark
Sparrow avoided sites with >75% grass cover, ang/etl a non-significant tendency
towards sites with moderate or little to no grasget. Loggerhead Shrike showed no
significant differences among any categories o$g@over, although it showed a slight
tendency towards sites with 25-75% grass cover.
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Scaled Quail ( Callipepla squamata )

Northern Harrier ( Circus cyaneus )
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% Difference: Used vs. Expected

Chestnut-collared Longspur ( Calcarius ornatus )
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Eastern Meadowlark ( Sturnella magna )
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Western Meadowlark ( Sturnella neglecta )
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Figure 6. Wintering grassland-associated bird iggetbat preferred sites with high grass cover and
avoided sites with low grass cover in Grasslandriyi Conservation Areas (GPCASs) in Mexico.

Red-tailed Hawk ( Buteo jamaicensis )

Burrowing Owl ( Athene cunicularia )
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Clay-colored Sparrow ( Spizella palida )
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Figure 7. Wintering grassland-associated bird iggebat preferred sites with intermediate levélgrass
cover and avoided sites with either very high andésy low cover in Grassland Priority Conservation
Areas (GPCAS) in Mexico.

Shrub cover use vs. availabilityWe examined observed vs. expected use of grags cov
classes for 22 species (Appendix B)ost species avoided sites with high shrub cover.
However, the threshold of shrub cover at which tahise dropped significantly below
expected levels varied among species. Sixteenesp@dorthern Harrier, Red-tailed
Hawk, American Kestrel, Burrowing Owl, Mourning DevChihuahuan Raven,
Common Raven, Horned Lark, Sprague’s Pipit, Ve§marrow, Lark Bunting,

Savannah Sparrow, Grasshopper Sparrow, ChestriatemblL.ongspur, Eastern
Meadowlark, and Western Meadowlark) showed a stppaterence for sites with <1%
cover shrub cover (Figure 8). A seventeenth sge8ealed Quail, also showed a similar
pattern, although their preference for open grasislavas just shy of statistical
significance. For most of these species, theifepeace toward grasslands with <1%
shrub cover was exclusive; they did not selectadditional grassland types out of
proportion to their availability. But, to a lesskrgree, Lark Bunting, Savannah Sparrow
and Eastern Meadowlark also selected grasslantsiwid®o shrub cover, and Vesper and
Grasshopper sparrows also preferred grasslandsuwvith 10% cover. Red-tailed Hawk
and Mourning Dove, showed strong preferences togeasslands with <1% shrub

cover, but they also preferred shrublands withaup5% shrub cover.
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Figure 8. Wintering grassland-associated bird isgabat preferred sites with <1% shrub cover in
Grassland Priority Conservation Areas (GPCAS) irxidie.

Three species preferred grasslands with at least stirubs (Figure 9). Say’s Phoebe
showed strongest preference toward grasslands3witi®o shrub cover, although they

21




also disproportionately used grasslands with 10-26%&r and <1% cover. Loggerhead
Shrike showed strongest preference towards sitits@25% cover, although they also
preferred sites with less cover (0-10%). Brew8&psrrows most strongly preferred sites
with 3-10% shrub cover, and to lesser degrees, dlsgypreferred sites with less cover
(0-3%) and up to 25% cover.

Say's Phoebe ( Sayornis saya ) Loggerhead Shrike ( Lanius ludovicianus )
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Figure 9. Wintering grassland-associated bird ssettiat preferred sites with moderate levels aitshr
cover in Grassland Priority Conservation Areas (BB)dn Mexico.

For at least two species, the patterns of preferenavoidance of shrub cover are
equivocal. Although they avoided sites with 25-568%er and >75% cover, Clay-
colored Sparrows appeared to select sites with380-8hrub cover, while using other
sites with less cover (0-25%) roughly in proporttortheir availability. Similarly, Lark
Sparrows seemed to prefer sites with 50-75% covigite avoiding sites with more
(>75%) or less (10-50%) cover, and using othessitith even less cover (0-10%)
roughly in proportion to their availability.

Prairie dog town use vs. availability At least four grassland-associated species showed

strong preferences towards sites with active cekof prairie dogs, including Mountain
Plover, Burrowing Owl, Horned Lark, and SpragueijsitP?
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Mountain Plover ( Charadrius montanus ) Burrowing Owl (* Athene cunicularia )
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Figure 10. Wintering grassland-associated speb@spreferred sites with prairie dogdyhomys
ludovicianusandC. mexicanusin Chihuahuan desert grasslands with prairie dagsss Grassland
Priority Conservation Areas in Mexico.

Discussion

We found that densities of several grassland lpeties varied significantly among
GPCAs, suggesting non-random wintering distribuaod abundance patterns for some
species in the Chihuahuan desert. For exampleraewigratory species, including
Northern Harriers, Vesper Sparrows, Brewer's Spesrd_ark Buntings, and Chestnut-
collared Longspurs were more abundant in the magherly GPCAs (Janos and Valles
Centrales) and less abundant or absent in GPCAsefusouth. A few other migratory
species occurred in peak densities in other, mautherly GPCAs, including Say’s
Phoebe in Mapimi, and Clay-colored Sparrows in @lashde la Zarca. However, it will
take several more years of monitoring before wedsgarmine whether the patterns
observed in 2007 are maintained over years.

We also found that most species strongly prefesreds with at least moderate, if not
high grass cover, and little or no shrub coverweer, even among GPCAs, which
were selected in part for their relatively goodlegaal health, the habitat conditions
preferred by most grassland birds were uncommbis. likely that long-term
incompatible grazing, in addition to other factsugh as the loss of prairie dogs and
other drivers of key grassland conditions (e.ge)fihas reduced grass cover and
increased shrub cover over time, degrading comditfor many grassland birds. Based
on our findings of habitat use, it seems that higldgraded grasslands (such as those
with high shrub cover and/or little to no grass@gwmight be equally as bad, or worse,
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for many grassland birds as the loss of grasslamdgriculture. Fortunately, degraded
grasslands could probably be more effectively restdéo desirable physiognomic and
structural conditions than could agricultural lanalbeit with considerable effort.
Restoration of grasslands could increase the caymgapacity of this region for many
wintering grassland bird species. In additionatiing the conversion of grasslands to
agriculture, improving the condition of existingagslands should be among the highest
priorities for conservation action in this region.

Livestock production, particularly of cattle, is emportant economic base in the region,
but the productivity of cattle ranching has dedlime Chihuahuan desert grasslands,
likely for the same reasons that grassland birds lkdaclined. Many of the grassland
conditions required by birds, such as extensivegycaver and low shrub cover, are also
preferred by cattle. Thus, conservationists sheakk ways to collaborate with livestock
producers to enhance rangelands in the Chihuahesertd The restoration of grasslands
would be a win-win situation, benefiting both birasd producers.

Project evaluation and future directions

The implementation of the first year of this praje@s inherently complex and
challenging, and not all objectives were fully asted as intended. For example, the GIS
was problematic in many ways, the driving transeaetee not as productive as we had
hoped, some aspects of the survey design wereonsistently implemented, many birds
were not identified to species, and parts of thgetation survey protocol lacked the rigor
needed to confidently assess certain habitat dondieind their importance to birds.

Still, many other key aspects of the project wasgy/\successful in this first year, and
improvements planned for the project should redifgrtcomings. Below we discuss the
challenges and successes during the first yedwregbroject, and describe improvements
to the survey design and execution that will belengented in 2008.

Challenges
GIS- Undoubtedly, the most difficult challenge in ilmenting this project was the

often inaccurate GIS. The project design relieavilg on GIS for identifying access to
comparable grassland habitats across the GPCA=ecladly problematic was the GIS
for roads, which was incomplete and outdated. tiExjgoads were often missing from
this layer, while other roads shown were eithecaeasible or had long since been
obliterated. Also there was no distinction betwpamary, secondary, or tertiary roads.
This situation, which was not fully recognized uttie start of field work, forced us to
adapt our sampling design in the field to maintaimdom placement of transect sites, as
described in the Methods. Although our adaptivaqaol allowed us maintain random
start locations for our transects, this changeimey design likely affected the available
study area from which our random sample was dravantunknown degree.

The GIS for vegetation types also posed some prubleBecause halophytic and
gypsophytic grasslands were not included with thegiVe grassland” layer, we added
“halophytic vegetation” to our target GIS strataonder to not exclude grasslands of this
type. Inclusion of this vegetation type in the Gifpeared to be particularly important in
GPCAs such as El Tokio and Cuatro Ciénegas, whest af the grasslands are
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halophytic. However, it is unclear what, if anyher non-grassland halophytic
vegetation types were also included in our vegatagiratum as a result.

A common problem that affected many selected sveesthe misrepresentation of desert
shrubland as grassland. Some of these areas mayban grasslands at one time, and
still may have some characteristics of grasslapdisthey presently do not support many
grassland birds. Although protocols instructedenbasrs to drop selected transect
locations (or entire blocks) that fell in non-targabitat types and systematically replace
them with new random sites, it appears this prosessnot always followed. Such
deviations from the study design influence bothliind and vegetation data collected at
sites, and the subsequent average estimates oéspdeindance and habitat condition
for grassland birds within and across the GPCAs.

The GIS for the GPCA boundaries was also problemiatseveral ways. In El Tokio, for
example, the boundary seems to specifically exchaee well-known sites for the
critically endangered Worthen’s Sparrow (presumalnlg of the nested targets within
this GPCA), including La India and Tanque de Emecaggevalleys, as well as the well-
known Rancho Los Angeles experimental grasslaitie Valle de Soledad is perhaps
the only extensive grassland within the presenttdaty of this GPCA; mostly there is
very little grassland, and many areas, includingedatural Protected Areas (ANP’S),
have been converted to agriculture. Other gradslahsimilar extent appear to exist
immediately beyond the current GPCA boundary, odhast and west. These areas likely
warrant inclusion in the GPCA, or at least furtbgploration. The seeming disconnect
between the GIS for grassland vegetation and tisef@IGPCA boundaries afflicts
virtually every GPCA (with the exception perhap<afatro Ciénegas). Across the
board, areas that appear to be suitable and aftengve grasslands are excluded from
the conservation area while large areas of marginabn-grassland habitat are often
included.

For Valle Colombia, as mentioned in the results,#PCA boundary encompassed
primarily mountainous terrain and habitats, as wslsome desert shrubland, but not the
Valle Colombia for which it presumably was desigmhat This resulted in most of the
survey blocks falling in marginal grasslands. Thesults presented in this report should
not be construed to represent the best grassldmthtsain this area. We have
corresponded with one of the editors of the tecdmeport that defines the GPCAs
regarding this problem, but it is still unclearu® why this GPCA failed to encompass the
extensive grasslands of the area. Given the irapoet of the GPCA boundaries for
conservation planning, and that the .shp filesngaliing the boundaries are available
publicly on line www.conserveonline.ojgthe boundary for Valle Colombia should be
redrawn as soon as possible to avoid focusingdugrassiand conservation efforts on the
currently delineated region.

Another problem was that in some places, habitaitiied in the GIS as the targeted
type had already been converted to agricultureesine creation of the layer. This
generally did not cause problems in the field hosveas observers simply replaced the
points where habitat had been converted with tixé rm@domly numbered point in
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suitable habitat, but it highlights the accelemtionversion of this habitat in northern
Mexico and the need for more current and sophistit&IS for this region. .

Data entry quality controlsWe did not have a centralized data entry systémaquality
controls ready for operation this field seasonudldata was entered electronically into
Excel spreadsheets, without enforcement of quatitytrols. Had the data instead been
entered into a relational database with defindddgiat would have eliminated many data
entry and formatting errors. As a result, consitber data cleanup, formatting, and
joining of data sets among observers would not et needed before even the
simplest analyses could be performed.

Species identificatior Most observers did not have extensive experiarnite

identifying small grassland birds prior to this jeai, although most observers improved
their skills markedly during the field training,&presumably even more after starting
field work. Still, deficiencies in identificatioabilities among some observers may have
affected our results for some species, particulsprrows. A large number of birds
(nearly 10% of total recorded) were not identiftecspecies, and while this may have
been expected, improvements in identification gbbly voice, behavior, shape, and
other cues should increase the proportion of spexeectly identified by observers.
Two major factors limited observers in becomingfigient in bird identification: limited
training and limited field time. We were only aldteconduct a five-day training course
this year, due to time and funding constraintsshArt field training limits opportunities
for in-field practice, and is more likely to be iaded by extended periods of inclement
weather, as happened in 2007. Also, because dintleeconstraint for completing field
work by the end of February, we employed a fa@hge number of people in the field.
This had an effect that each person received lgssrience in the field, after the training,
in identifying grassland birds. No amount of tramhas the same impact on learning
bird identification as having to identify them oaw own, without the help of an
instructor. Unfortunately, the already limited exience field observers would gain was
further reduced by the participation of 10 addigibobservers who also conducted some
surveys. Although other trained staff presumabs$tructed these additional observers,
their ability to identify grassland birds and falldield protocols is unknown, as is
whether their GPS units were set up comparablyvdrether they used comparable
equipment in the field (functioning binoculars, gafinders), as these equipment were
not checked or provided by us.

Particularly troublesome bird groups for obsenagpeared to be the sparrows
(particularlySpizellaandAmmodramuspp.) and meadowlarkSturnellaspp.).
Unfortunately, observers gained only minimal exgece with all sparrows other than
Savannah and Vesper sparrows during the trainkejyldue to the weather. Similarly,
they gained little experience with separating Bastéed Western Meadowlarks in the
field. In the case oAmmodramusparrows however, it may be that little can beedtun
improve field identification via sight or sound nhay also prove necessary to further
expand the “unknowAmmodramuscategory to also include Savannah Sparrows, which
is not in the genuAmmodramu$ut sometimes behaves like them when flushedteBet
information on individual species within this groompght only be obtained through labor-
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intensive flush-netting (i.e. flushing birds towardiong line of mist-nets) where proper
in-hand identification can be assured.

Field Protocols— Although Spanish-language field protocols werapced and
distributed at the training, these were focusetherbird and vegetation survey aspects
of the field work, and likely did not cover aspeofghe transect establishment protocol
as explicitly as they should have. The procesdinfinating randomly selected survey
points due to unsuitable habitat conditions wadaempd mainly in-person during the

field training, but in hindsight it would have beleest to demonstrate this process more
thoroughly in the field, and have provided morel&kpwritten instructions in this

regard. It is unclear to what extent various obsex followed these procedures, as many
sites were established and surveyed in what wasu@huan desert shrubland.

Although both the bird and vegetation survey proteevere fairly effective in
characterizing their target communities at the GR&4I, the two techniques were not
well-suited to compliment each other at the sanaéesan individual transects. The
vegetation sampling protocol was adapted from pooint techniques where birds
recorded on a point could be associated with sipaaigetation features also recorded at
that point. However, this was not possible alosgritransects, where vegetation
samples were taken at specific intervals alongs&ets, but bird observations from the
entire transect were not assigned to specific locatalong the transect. The uneven
categories of vegetation cover classes were efticgrecharacterizing important features
of grasslands at specific sites, but were not wailed for determining average values
across an entire transect. This caused some wsageomplications in the analyses
that could have been avoided with more compatiteey protocols.

Field supplies-RMBO loaned GPS units, rangefinders and compadsssbtrained
observers. Most observers supplied their own hilaws; RMBO provided binoculars for
two observers. The quality of optics used in ie&lfis important in allowing proper
identification of grassland birds. It is not camtevhat field equipment was used by the
additional 10 observers who participated in surybys not the training. Two items were
lost in the field; all other equipment was return@RMBO.

Communicationr- Timely communication with field observers duriihg field season on
matters concerning survey procedures, replacenienireey sites, etc., was challenging
given the short duration of the field season amdote locations of field sites. However,
we did start a group email list among techniciandiscuss issues as they arose in the
field, and we will continue to improve our use bistand other media to communicate
matters during and outside of field work in theuheat

Successes

While the first year of this project had its falirase of challenges, it is worthwhile
recognizing the many notable successes also ach@éweng this time. The broad
partnership that has formed in support of the ptajepresents the first bi-national, multi-
organizational survey effort to undertake this lavgrdue task of inventorying wintering
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bird populations in this vast and important regidtroject partners are enthusiastic,
motivated, and committed to making the project sasful.

The training session held this year, despite tiverm# weather, was successful in
improving observers’ bird identification skills. Ithough in the end skill-level still varied
greatly among observers, all participants impraesir identification abilities
measurably. Participants also came to understath@ppreciate the importance of
estimating detectability among species and the faaorecise distance estimates in the
surveys. Although perhaps better bird data coalcetbeen obtained in other ways, our
investment in training local biologists in grasslaiird identification and survey
techniques, has given the project partners a tala sn the effort that will yield many
long-term benefits.

Working with the local partners assembled by UANdoahelped tremendously in
locating and gaining access to the GPCA lands wivere/orked this year, most of which
were private. This would have been much morediffiunder any other scenario as
these partners were familiar with the landscapes]s, and landowners in the areas.

The field technique and level of survey effort agmgeto serve well as a foundation for
multi-species wintering grassland bird monitoringon which additional complimentary
techniques can be added for rare, restricted, ror toadetect species of interest. Given
the room for improvements in execution of the sysy@nd more time available for
planning and training, the data resulting from oarse-filter approach should improve.
Information gleaned from these surveys should laédp to inform development of other
complimentary techniques.

Finally, it is worthwhile mentioning that by startj this effort, we have generated
excitement and momentum in continuing, expandingd,@enhancing this survey. There
are many other potential partners with an interettie Chihuahuan desert grasslands
who could become partners in the future.

Next steps: improvements planned for 2008

Elimination of road-based driving transectsThe survey data obtained from road based
driving transects, while useful for adding spec¢eethe inventory of each survey block
and GPCA, were not sufficient enough to make a adlimg case for continuing these
surveys as designed. Although a few raptors spexaid Loggerhead Shrikes were fairly
well-represented among samples, and a few specietetected on other surveys were
recorded on driving transects (e.g., White-tailedvd, Aplomado Falcon), the survey did
not allow additional opportunities for measuringialance of species not already
adequately covered by the off-road line transebktsaddition, since these counts were
inherently biased toward road-side habitats (wloiten have more perches and therefore
can attract some species) the information theyigeod more difficult to interpret and is
not well-suited for Distance sampling. Drivinggeys consumed more time than
originally anticipated, and reducing effort towdhgém could allow for additional efforts
on off-road surveys, such as more quantitative taigam surveys. Observers can still
keep track of and record observations of additipmalrity species encountered in each
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block for inventory purposes. Thus, in 2008, obses will simply keep a tally of
additional priority species observed in the surblgk outside of line transect surveys,
and record these in spaces provided on the datesfor

Improved GIS- Several options for dealing with the poor GISevaiscussed by project
partners, but the most significant actions (i.eteesive ground-truthing of the current
grassland layers, ground-truthing of field sitesipto field work, mapping roads using
the “tracks” feature of hand-held GPS, or purcha$ilgh-quality satellite images such as
SPOT) are too costly to consider under this projéttwever, improvements in the GIS
for grasslands and roads are needed to make he#af this technology for the
conservation of Chihuahuan desert grasslands inddeXxVe proposed seeking partners
and financial support for improving the GIS for @hahuan desert grasslands in Mexico.
A paid graduate assistantship in geospatial scieneesimilar field could go a long way
in addressing this deficiency.

We obtained a more recent GIS layer for vegetatarer (INEGI series Il 2006) that is
similar, but sometimes more restrictive, in itenpretation of grassland land cover than
the previously used Inventario Forestal (2002) igydt also contains specific layers for
halophytic and gypsophyllic grasslands, rather floarihalophytic and gypsophyllic
vegetation” combined. We hope that use of thiserdayer will improve our ability to
locate transects in grasslands on the ground. riSungly, we have still not been able to
find a better GIS layer for roads. Some (presugnabiver) roads that are not included in
the GIS layer are shown on digitized INEGI topodmapnaps (dated 1984), which can
be viewed in GIS. Unfortunately the roads showthase images are not .shp file that
can be used in our survey design. However, for nleeks that are being added to the
survey design this year, we will create our owp Jstyer of these roads by essentially
tracing these roads by hand in Arc Map.

Modify Valle Colombia GPCA boundaryWe have realigned the Valle Colombia GPCA
boundary to better overlap with the Valle Colomb#dthough it is not at all clear that

the current shape and size of the GPCA were dasignencompass the important
grasslands in the area, we decided to retain igaal shape and size of this GPCA and
simply shift it about 50 km due East. The reswdswa fairly good boundary around most
of the grasslands in Valle Colombia proper (Figltg The new location of the GPCA
produces 12 potential grassland survey blocks,rsef/erhich will be surveyed in 2008
(labeled inred) in order to maintain effort across the GPCAsriopgortion to the
availability of potential grasslands survey bloakgach. This is an increase of 3 survey
blocks (18 transects) over last year’s effort iis tBPCA.
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Figure 11. Revised alignment of Valle Colombia @Rtbundary and potential and selected (red labels)
survey blocks for 2008.

Improve transect locations We have eliminated survey blocks from each GR@Are
none of the three transect were located in suitgtalssland habitat. We have been in
communication with field crews from each area tniify potential back-up survey
blocks to replace these. In cases where back+wegblocks have already been
exhausted we have identified additional blocksidetsut close to, the GPCA and will
expand the survey area to include these new afash expansion beyond the current
GPCA boundary will likely occur in El Tokio, Mapimand Cuchillas de la Zarca in
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2008. We will retain survey blocks where at least of the transects established in 2007
was in suitable grassland habitat, and modify looatof individual transects within
these blocks if they were not in suitable habitat.

Table 8. Numbers of transects that will be mairgdior relocated in 2008, and the number of survey
blocks that need to be replaced entirely in eacds&and Priority Conservation Area (GPCA).

GPCA Transects within Blocks to be maintained Entire Blocks
Keep Replace Replace
Cuatro Ciénegas 18 0 0
Cuchillas de la Zarca 24 18 9
Janos 72 6 0
Mapimi 21 21 5
El Tokio 9 15 5
Valles Centrales 58 38 5
Valle Colombia 5 1 3
Total 207 99 27

Modify bird and vegetation survey protocel$Ve will modify our survey protocols in
order to improve performance of bird, vegetatiod atmospheric/temporal data when
analyzed in relation to each other. Specificdly,all birds observed along transects, we
will note in which segment of the transect theyevebserved (i.e., 0-250m, 251-500m,
501-750 m, and 751-1000 m) in order to allows nil@dbility in the analyses of bird-
vegetation relationships.

Vegetation sampling will rely less on visual estiesaand more on quantitative measures
of cover and species abundance. Specifically, Weuse point- and line-intercept
methods (adapted from Bonham 1989) to quantify dance of ground and shrub cover
types, respectively, along transects. The linerggpt method will also be used to
identify the proportion of shrub species contribgtto the overall shrub cover. Presence-
absence of other coarse features (trees, praige, dorface water) will also be noted out
to 100m on either side of the transect.

We will also record specific start and end timespperatures, sky and wind conditions
for individual transects, rather than for the enset of transects in a given block to better
relate these conditions to the birds recorded gniratividual transect.

Extend and improve training courséWe will extend the training session by threesday
to allow more in-field instruction and practicegrassland bird identification, vegetation
sampling, and establishing transects. We will mteveach participant with a CD of
grassland bird songs and calls, specific to thén@huan desert in winter. We will
enhance the in-class instruction in species ideatibn, with an Extended PowerPoint
presentation that thoroughly covers field idenéifion for difficult to identify species,
and provides bulleted species by species comparisiosimilar species. We will also
provide classroom and field instruction and practicthe use of the hand-held GPS to
establish new transects, follow bearings, locatstie transects, and log new start and
end points for transects. We will test studentlydia field identification of grassland
birds and distance estimation, and use the retsuttgaluate observers and their progress
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during training. We will carefully explain the n@igements to conduct surveys only in
the mornings, to scout new transect locations eackl routes prior to conducting field
surveys, and replace transect start points wherbdbitat is not grassland with new
random points.

Reduced number of observer§Ve will limit the number of observers to 10 plkojn
total, two for Janos and Sonorita, two for Vallen@ales, two for Cuchillas de la Zarca,
two for Mapimi, and two for Valle Colombia, Cuatt®énegas, and El Tokio.

Earlier start date- We will complete our field training course 12 daarlier than last
year, allowing more time to complete field survégfore the end of February.

On-line database and data entry portaAn on-line, password-protected data entry
portal is now operationahftp://rmbo.org/dataentry/line All data collected in 2008 will
be entered by observers directly into this databasthe World Wide Web. The data
entry portal will use a relational database stmetdrop-down menus, forced data
review, and other quality control checks to redecers and data incompatibility.

Field Equipment We will provide new and better equipment forersrs in 2008,
including more sophisticated GPS units, rangefia@ed high-quality binoculars.

Improved precision of estimatedn 2008 we will modify transect locations to teet

restrict samples to grasslands and avoid sampiirgtensive shrublands. The
adjustment of transect locations should increasetimber and evenness of detections of
many grassland bird species across transectspthgrereasing the precision of density
estimates for many species, and the number of epetfectively covered by this survey.

Supplemental surveysin addition to improving our sampling schemenative
grasslands, a high priority for improving speciesarage would be to determine use of
other habitats, particularly agricultural lands, ¥arious grassland species. Such
complimentary information would be important inel@hining which species are most
strongly affected by agricultural conversion, arficl can adapt. Many grassland
specialists, including species such as Mountaind?land Long-billed Curlew, use
agricultural habitats in other wintering areas. (California), and it would be important to
determine the extent of such use, if any, in agiical lands in Mexico to better evaluate
threats, wintering habitat needs, and overall caadi®n status. We anticipate that in
surveys in Janos and Sonorita can be completeddyabruary, allowing roughly 2
weeks for some supplemental exploratory surveyggasslands and agricultural lands in
Chihuahua and Durango.

Secretive species like Baird's Sparrow and Grags&oSparrow were not well sampled
by our audio-visual surveys because of their ekib@havior and difficulty of in-flight
identification. Although many Grasshopper Sparrewese recorded, accurate
identification of many of these is dubious given thfrequency of opportunities for
adequate visual inspection of individuals, anddinalarity of Baird’s, and sometimes
Savannah sparrows, with this species, especialgnvifashed. As evidenced by the
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analyses presented in this report, these specibavaosimilar requirements in winter
with respect to basic habitat features such asstnd grass cover, although Savannah is
typically more plastic. For conservation purposesiay suffice to know whether the
habitat in a given area supports any of these tpeeies, and assess potential value of
habitat for Baird’s Sparrow based on its more retgtl range. However, if better
species-specific information is needed, it wouldento be obtained through a different
kind of survey, likely involving more labor-inteng mist-netting. With some
experimentation, it might be possible to develdjush-netting technique that
incorporates rope dragging to reduce the numbpeople needed to flush birds into mist
nets. Such techniques would likely be most eféeecii conducted in the early morning
before sunrise, or under cloudy conditions.
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Appendix A. Total number of individuals (N) andtéletions (n) of bird species recorded on off-rdad-transect surveys.

Appendix A. Total number of individuals (N) andteletions (n) of bird species recorded on off-raad-transect surveys in Grassland
Priority Conservation Areas in the Chihuahuan desfanorthern Mexico. Species in bold are con®degrassland-associated species.

Species Cuatro Cuchillas de la

Ciénegas Zarca Janos Mapimfi El Tokio Valles Centrales Valle Colombia All GPCAs
Common Name Scientific Name N n N n N n N n N n N n N n N n
Gadwall Anas strepera 0 0 63 3 0 0 0 0 0 0 0 0 0 0 63 3
Mallard Anas platyrhynchos 0 0 0 0 4 1 0 0 0 0 23 3 0 0 27 4
Blue-winged Teal Anas discors 0 0 2 2 0 0 0 0 0 0 0 0 0 0 2 2
Northern Shoveler Anas clypeata 0 0 0 0 0 0 0 0 0 0 133 4 0 0 133 4
Northern Pintail Anas acuta 0 0 5 5 0 0 0 0 0 0 1 1 0 0 6 6
Green-winged Teal Anas crecca 0 0 0 0 0 0 18 2 0 0 1 1 0 0 19 3
Anas spp. Anas spp. 0 0 0 0 0 0 4 1 0 0 20 1 0 0 24 2
Ring-necked Duck Aythya collaris 0 0 1 1 0 0 0 0 0 0 0 0 0 0 1 1
Lesser Scaup Aythya affinis 0 0 1 1 0 0 0 0 0 0 15 1 0 0 16 2
Bufflehead Bucephala albeola 0 0 1 1 0 0 0 0 0 0 22 3 0 0 23 4
Unidentified Duck Anatinae 0 0 0 0 16 2 0 0 0 0 10 1 0 0 26 3
Scaled Quail Callipepla squamata 0 0 108 9 54 9 15 4 1 1 89 13 4 2 271 38
Gambel's Quail Callipepla gambelii 0 0 0 0 8 2 0 0 0 0 0 0 0 0 8 2
Great Blue Heron Ardea herodias 0 0 1 1 0 0 0 0 0 0 5 2 0 0 6 3
Cattle Egret Bubulcus ibis 0 0 0 0 0 0 2 1 0 0 0 0 0 0 2 1
Black Vulture Coragyps atratus 0 0 18 4 0 0 0 0 0 0 0 0 0 0 18 4
Turkey Vulture Cathartes aura 0 0 244 153 3 3 59 32 27 13 2 2 0 0 335 203
White-tailed Kite Elanus leucurus 0 0 2 1 3 3 2 2 0 0 5 4 0 0 12 10
Northern Harrier Circus cyaneus 0 0 4 4 34 32 16 16 4 4 58 57 0 0 116 113
Sharp-shinned Hawk Accipiter striatus 0 0 2 2 0 0 0 0 0 0 1 1 0 0 3 3
Cooper's Hawk Accipiter cooperii 0 0 1 1 0 0 0 0 1 1 0 0 0 0 2 2
Harris's Hawk Parabuteo unicinctus 0 0 7 7 2 2 0 0 12 5 3 2 0 0 24 16
Red-tailed Hawk Buteo jamaicensis 1 1 17 17 14 12 10 10 2 2 40 37 6 6 90 85
Ferruginous Hawk Buteo regalis 0 0 12 11 1 1 0 0 3 3 1 1 0 0 17 16
Buteo spp. Buteo spp. 0 0 1 1 0 0 0 0 0 0 0 0 0 0 1 1
Golden Eagle Aquila chrysaetos 0 0 0 0 0 0 0 0 1 1 3 2 0 0 4 3
Unidentified Hawk Accipitrinae 0 0 0 0 2 2 0 0 0 0 0 0 0 0 2 2
Crested Caracara Caracara cheriway 0 0 0 0 0 0 0 0 5 4 0 0 0 0 5 4
American Kestrel Falco sparverius 0 0 17 15 16 15 10 9 3 3 29 27 2 2 7 71
Merlin Falco columbarius 0 0 15 15 4 4 1 1 0 0 2 2 0 0 22 22
Prairie Falcon Falco mexicanus 0 0 1 1 1 1 1 1 0 0 3 3 0 0 6 6



Appendix A.

Total number of individuals (N) andteletions (n) of bird species recorded on off-raad-transect surveys.

Species Cuatro Cuchillas de la

Ciénegas Zarca Janos Mapimi El Tokio Valles Centrales Valle Colombia All GPCAs
Common Name Scientific Name N n N n N n N n N n N n N n N n
Sandhill Crane Grus canadensis 0 0 330 6 3 1 256 13 0 0 0 0 0 0 589 20
Killdeer Charadrius vociferus 0 0 0 0 1 1 0 0 0 0 2 2 0 0 3 3
Mountain Plover Charadrius montanus 0 0 0 0 0 0 0 0 8 4 0 0 0 0 8 4
American Avocet Recurvirostra americana 0 0 0 0 0 0 0 0 0 0 10 1 0 0 10 1
Long-billed Curlew Numenius americanus 0 0 0 0 12 4 24 3 127 2 1 1 0 0 164 10
Western Sandpiper Calidris mauri 0 0 0 0 0 0 0 0 0 0 3 1 0 0 3 1
Stilt Sandpiper Calidris himantopus 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 1
Long-billed Dowitcher Limnodromus scolopaceus 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 1
Eurasian Collared-Dove Streptopelia decaocto 0 0 0 0 7 5 0 0 0 0 0 0 0 0 7 5
White-winged Dove Zenaida asiatica 0 0 126 41 0 0 1 1 24 4 1 1 1 1 153 48
Mourning Dove Zenaida macroura 5 2 562 206 799 100 329 81 10 3 1016 135 2 2 2723 529
Inca Dove Columbina inca 0 0 8 5 0 0 0 0 7 1 0 0 0 0 15 6
Greater Roadrunner Geococcyx californianus 0 0 3 3 10 10 1 1 0 0 3 2 0 0 17 16
Barn Owl Tyto alba 0 0 0 0 0 0 1 1 0 0 0 0 0 0 1 1
Burrowing Owl Athene cunicularia 0 0 0 0 12 12 8 8 12 12 1 1 0 0 33 33
Long-eared Owl Asio otus 0 0 0 0 1 1 0 0 0 0 0 0 0 0 1 1
Short-eared Owl Asio flammeus 0 0 0 0 5 3 2 2 0 0 6 6 0 0 13 11
Acorn Woodpecker Melanerpes formicivorus 0 0 4 3 1 1 0 0 0 0 0 0 0 0 5 4
Golden-fronted Woodpecker Melanerpes aurifrons 0 0 11 8 0 0 0 0 0 0 0 0 0 0 11 8
Yellow-bellied Sapsucker Sphyrapicus varius 0 0 2 2 0 0 0 0 0 0 0 0 0 0 2 2
Ladder-backed Woodpecker Picoides scalaris 1 1 6 6 12 12 4 4 4 4 4 4 1 1 32 32
Arizona Woodpecker Picoides arizonae 0 0 0 0 1 1 0 0 0 0 0 0 0 0 1 1
Northern Flicker Colaptes auratus 0 0 9 8 17 13 0 0 7 5 0 0 1 1 34 27
Gray Flycatcher Empidonax wrightii 0 0 1 1 0 0 0 0 0 0 0 0 0 0 1 1
Empidonax spp. Empidonax spp. 0 0 17 15 0 0 0 0 0 0 0 0 0 0 17 15
Black Phoebe Sayornis nigricans 0 0 19 14 0 0 0 0 0 0 0 0 0 0 19 14
Eastern Phoebe Sayornis phoebe 0 0 0 0 0 0 0 0 1 1 0 0 2 2 3 3
Say's Phoebe Sayornis saya 2 2 13 13 8 8 53 a7 9 9 37 37 2 2 124 118
Vermilion Flycatcher Pyrocephalus rubinus 0 0 5 5 1 1 0 0 2 2 1 1 0 0 9 9
Cassin's Kingbird Tyrannus vociferans 0 0 1 1 0 0 0 0 0 0 1 1 0 0 2 2
Western Kingbird Tyrannus verticalis 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 1
Loggerhead Shrike Lanius ludovicianus 3 3 19 19 34 32 38 37 25 24 33 31 1 1 153 147
Mexican Jay Aphelocoma ultramarina 0 0 37 8 14 3 0 0 3 1 0 0 0 0 54 12
Chihuahuan Raven Corvus cryptoleucus 5 4 45 29 39 26 8 4 19 13 35 18 42 14 193 108
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Appendix A. Total number of individuals (N) andtéletions (n) of bird species recorded on off-rdad-transect surveys.

Species Cuatro Cuchillas de la

Ciénegas Zarca Janos Mapimi El Tokio Valles Centrales Valle Colombia All GPCAs
Common Name Scientific Name N n N n N n N n N n N n N n N n
Common Raven Corvus corax 0 0 20 12 18 18 15 11 4 3 8 5 0 0 65 49
Corvus sp. Corvus spp. 0 0 0 0 14 9 0 0 0 0 0 0 0 0 14 9
Horned Lark Eremophila alpestris 7 4 0 0 203 69 0 0 196 89 129 36 13 5 548 203
Tree Swallow Tachycineta bicolor 0 0 0 0 1 1 0 0 0 0 5 2 0 0 6 3
Bridled Titmouse Baeolophus wollweberi 0 0 5 3 2 1 0 0 0 0 0 0 0 0 7 4
Verdin Auriparus flaviceps 0 0 14 11 3 2 6 4 3 3 1 1 0 0 27 21
Bushtit Psaltriparus minimus 0 0 25 10 13 4 0 0 0 0 0 0 0 0 38 14
Cactus Wren Campylorhynchus brunneicapillus | 1 1 43 34 55 44 16 16 30 27 11 11 2 2 158 135
Rock Wren Salpinctes obsoletus 0 0 4 4 5 5 2 2 0 0 0 0 0 0 11 11
Canyon Wren Catherpes mexicanus 0 0 4 4 2 2 0 0 0 0 0 0 0 0 6 6
Bewick's Wren Thryomanes bewickii 0 0 8 8 11 11 0 0 3 2 2 2 2 1 26 24
House Wren Troglodytes aedon 0 0 3 3 0 0 1 1 0 0 0 0 0 0 4 4
Ruby-crowned Kinglet Regulus calendula 0 0 33 30 2 2 5 4 4 3 0 0 0 0 44 39
Blue-gray Gnatcatcher Polioptila caerulea 0 0 12 10 0 0 10 6 0 0 5 5 0 0 27 21
Black-tailed Gnatcatcher Polioptila melanura 0 0 1 1 2 2 24 16 17 13 5 4 0 0 49 36
Eastern Bluebird Sialia sialis 0 0 4 4 0 0 0 0 0 0 0 0 0 0 4 4
Western Bluebird Sialia mexicana 0 0 8 5 0 0 0 0 2 1 0 0 0 0 10 6
Mountain Bluebird Sialia currucoides 19 5 34 5 21 10 112 32 6 4 23 8 19 4 234 68
Bluebird spp. Sialia spp. 0 0 0 0 3 1 0 0 2 2 0 0 0 0 5 3
American Robin Turdus migratorius 0 0 4 4 0 0 0 0 0 0 0 0 0 0 4 4
Northern Mockingbird Mimus polyglottos 3 3 7 7 0 0 29 27 16 16 3 3 3 3 61 59
Sage Thrasher Oreoscoptes montanus 1 1 0 0 1 1 16 15 0 0 1 1 0 0 19 18
Curve-billed Thrasher Toxostoma curvirostre 0 0 66 56 37 37 19 15 33 30 5 3 0 0 160 141
Crissal Thrasher Toxostoma crissale 0 0 0 0 1 1 0 0 0 0 2 2 0 0 3 3
European Starling Sturnus vulgaris 0 0 0 0 1 1 0 0 0 0 0 0 0 0 1 1
American Pipit Anthus rubescens 2 1 7 6 0 0 1 1 635 4 0 0 0 0 645 12
Sprague's Pipit Anthus spragueii 2 2 5 5 11 11 10 6 21 9 9 9 0 0 58 42
Phainopepla Phainopepla nitens 56 3 5 5 0 0 1 1 0 0 7 2 0 0 69 11
Orange-crowned Warbler Vermivora celata 0 0 0 0 0 0 0 0 3 2 0 0 0 0 3 2
Yellow-rumped Warbler Dendroica coronata 14 8 9 6 0 0 6 2 7 1 0 0 0 0 36 17
Hepatic Tanager Piranga flava 0 0 2 2 0 0 0 0 0 0 0 0 0 0 2 2
Olive Sparrow Arremonops rufivirgatus 0 0 0 0 0 0 0 0 1 1 0 0 0 0 1 1
Green-tailed Towhee Pipilo chlorurus 0 0 12 9 23 23 1 1 1 1 6 6 3 3 46 43
Spotted Towhee Pipilo maculatus 0 0 0 0 5 3 3 3 0 0 0 0 0 0 8 6
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Appendix A. Total number of individuals (N) andtéletions (n) of bird species recorded on off-rdad-transect surveys.

Species Cuatro Cuchillas de la

Ciénegas Zarca Janos Mapimi El Tokio Valles Centrales Valle Colombia All GPCAs
Common Name Scientific Name N n N n N n N n N n N n N n N n
Canyon Towhee Pipilo fuscus 0 0 40 33 10 9 0 0 30 24 0 0 2 2 82 68
Cassin's Sparrow Aimophila cassinii 0 0 6 4 8 8 0 0 1 1 6 5 0 0 21 18
Botteri's Sparrow Aimophila botterii 0 0 14 9 0 0 0 0 0 0 0 0 0 0 14 9
Rufous-crowned Sparrow Aimophila ruficeps 0 0 6 6 4 3 0 0 0 0 0 0 1 1 11 10
Chipping Sparrow Spizella passerina 0 0 670 112 204 22 20 10 0 0 132 19 15 1 1041 164
Clay-colored Sparrow Spizella pallida 0 0 1214 199 127 19 429 52 7 3 83 22 1 1861 296
Brewer's Sparrow Spizella breweri 0 0 42 11 186 29 34 6 1 1 168 44 0 0 431 91
Black-chinned Sparrow Spizella atrogularis 0 0 21 5 0 0 0 0 0 0 0 0 0 0 21 5
Spizella spp. Spizella spp. 0 0 2 2 450 45 3 2 5 4 9 2 0 0 469 55
Vesper Sparrow Pooecetes gramineus 1 1 89 56 804 265 150 59 7 3 1058 496 43 14 2152 894
Lark Sparrow Chondestes grammacus 0 0 150 47 1 1 3 2 0 0 8 3 0 0 162 53
Black-throated Sparrow Amphispiza bilineata 0 0 330 154 156 107 241 89 106 69 225 116 52 26 1110 561
Sage Sparrow Amphispiza belli 0 0 0 0 0 0 0 0 0 0 2 1 0 0 2 1
Lark Bunting Calamospiza melanocorys 0 0 43 10 2556 50 276 17 0 0 139 14 0 0 3014 91
Savannah Sparrow Passerculus sandwichensis 0 0 98 57 516 126 98 25 25 3 432 205 9 6 1178 422
Grasshopper Sparrow Ammodramus savannarum 0 0 93 65 87 73 a7 42 0 0 22 18 3 3 252 201
Baird's Sparrow Ammodramus bairdii 0 0 5 5 1 1 0 0 0 0 5 5 1 1 12 12
Ammodramus spp. Ammodramus spp. 0 0 4 2 31 29 1 1 0 0 68 63 10 10 114 105
Song Sparrow Melospiza melodia 0 0 3 3 0 0 5 2 0 0 1 1 0 0 9 6
Lincoln's Sparrow Melospiza lincolnii 0 0 31 15 10 8 0 0 2 2 7 7 0 0 50 32
White-throated Sparrow Zonotrichia albicollis 0 0 0 0 0 0 0 0 0 0 2 1 0 0 2 1
White-crowned Sparrow Zonotrichia leucophrys 0 0 0 0 43 18 7 3 1 1 52 13 0 0 103 35
Unidentified Sparrow Emberizidae 0 0 187 91 722 213 0 0 2 1 43 27 0 0 954 332
Dark-eyed Junco Junco hyemalis 0 0 2 2 24 1 0 0 0 0 0 0 0 0 26 3
Yellow-eyed Junco Junco phaeonotus 0 0 1 1 0 0 0 0 0 0 0 0 0 0 1 1
McCown's Longspur Calcarius mccownii 0 0 0 0 7 3 0 0 0 0 16 6 0 0 23 9
Chestnut-collared Longspur Calcarius ornatus 0 0 0 0 1403 120 23 5 0 0 1148 67 12 2 2586 194
Longspur spp. Cacarius spp. 0 0 0 0 501 3 172 7 0 0 0 0 0 0 673 10
Northern Cardinal Cardinalis cardinalis 0 0 0 0 0 0 1 1 0 0 0 0 0 0 1 1
Pyrrhuloxia Cardinalis sinuatus 0 0 52 37 4 4 12 10 0 0 0 0 1 1 69 52
Eastern Meadowlark Sturnella magna 0 0 9 8 74 48 1 1 2 2 32 21 0 0 118 80
Western Meadowlark Sturnella neglecta 1 1 12 6 12 8 65 15 0 0 12 10 5 5 107 45
Meadowlark spp. Sturnella spp. 0 0 0 0 154 31 0 0 11 7 64 41 0 0 229 79
Great-tailed Grackle Quiscalus mexicanus 0 0 0 0 0 0 0 0 19 2 0 0 0 0 19 2
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Appendix A. Total number of individuals (N) andtéletions (n) of bird species recorded on off-rdad-transect surveys.

Species Cuatro Cuchillas de la

Ciénegas Zarca Janos Mapimi El Tokio Valles Centrales Valle Colombia All GPCAs
Common Name Scientific Name N n N n N n N n N n N n N n N n
Brown-headed Cowbird Molothrus ater 0 0 62 3 0 0 20 2 0 0 0 0 0 82 5
Cowbird spp. Molothrus spp. 0 0 0 0 0 0 1 1 6 1 0 0 0 0 7 2
House Finch Carpodacus mexicanus 0 0 9 5 55 21 0 0 90 10 2 2 0 0 156 38
Lesser Goldfinch Carduelis psaltria 0 0 49 2 0 0 0 0 2 1 0 0 0 0 51 3
House Sparrow Passer domesticus 0 0 0 0 6 1 0 0 0 0 0 0 0 0 6 1
Unidentified Bird Aves 0 0 23 1 4 4 0 0 0 0 0 0 0 0 27 5
All species 124 43 5343 1843 9733 1851 2749 796 1618 468 5581 1722 261 125 25409 6848
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Appendix B. Average densities of grassland spanieach GPCA.

Appendix B. Average densities of grassland spaniesach GPCA.

Common Name GPCA D CVv LCL UCL n Prop. Of Transects
Scientific Name
CUAT - - - - - -
CUZA | 1273 60.1  4.05 4003 9 0.09
Scaled Quail JANO | 2048 755 5.8 80.96 9 0.08
Callipepla squamata MAPI | 1653 1250 157 17402 4 0.03
TOKI 030 978 0.6 1.52 1 0.02
VACE | 1454 499 562 3757 13 0.10
VACO | 266 877 047 1506 2 0.08
CUAT - - - - - -
CUzZA | 023 482  0.09 0.58 4 0.04
Northern Harrier JANO | 1.91 241 119 3.06 24 0.33
Circus cyaneus MAPI | 077 398  0.36 166 10 0.18
TOKI 042 491 017 1.06 4 0.07
VACE | 156 197  1.06 229 34 0.36
VACO - - - - - -
CUAT | 014 1005  0.02 0.79 1 0.06
CUZA | 044 285 025 076 17 0.14
Red-tailed Hawk JANO | 035 360 017 070 10 0.13
Buteo jamaicensis MAPI 0.27 34.4 0.14 0.53 0.14
TOKI 009 762 002 0.36 0.04
VACE | 048 239  0.30 077 25 0.24
VACO | 052 534 0.8 1.46 5 0.21
CUAT - - - - - -
CUZA | 080 289  0.46 1.40 15 0.14
American Kestrel JANO | 089 278 052 153 14 0.17
Falco sparverius MAPI | 037 405  0.17 0.80 0.11
TOKI 025 563  0.09 0.72 0.06
VACE | 093 234 059 1.46 24 0.18
VACO | 038  69.0  0.10 1.36 2 0.08
CUAT - - - - - -
CUZA | 269 752  0.66 10.91 0.04
Sandhill Crane JANO | 0.02 1002  0.00 0.09 0.01
Grus canadensis MAPI | 125 623 040 391 13 0.07
TOKI - - - - - -
VACE - - - - - -
VACO - - - - - -
CUAT | 401 711  1.05 1539 2 0.11
CUZA | 7211 142 5463 9519 202 0.73
Mourning Dove JANO | 117.79 251 7231 191.88 87 0.46
Zenaida macroura MAPI | 3650 355 1843 7228 60 0.39
TOKI 218 1023  0.18 2703 2 0.06
VACE | 3848 214 2538 5833 121 0.42
VACO | 122 688 034 4.43 2 0.08
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Appendix B. Average densities of grassland spanieach GPCA.

Common Name GPCA D CVv LCL UCL n Prop. Of Transects
Scientific Name
CUAT - - - - - -
CUZA - - - - - -
Burrowing Owl JANO | 3.3 66.9 0.93 1048 10 0.10
Athene cunicularia MAPI 269 574  0.92 7.84 8 0.11
TOKI 4.10 59.7 1.36 1237 9 0.17
VACE | 019 111.0 0.03 1.13 1 0.01
VACO - - - - - -
CUAT | 0.68 69.3 0.18 2.55 0 0.11
CUZA | 0.84 31.6 0.46 155 57 0.11
Say's Phoebe JANO | 0.48 57.0 0.17 137 122 0.08
Sayornis saya MAPI 4.20 17.5 2.98 594 21 0.40
TOKI 1.04 34.6 0.53 2.04 3 0.15
VACE | 171 20.2 1.15 254 192 0.23
VACO | 052 68.8 0.14 1.89 6 0.08
CUAT | o081 54.1 0.28 2.35 3 0.17
CUZA | 0.97 26.1 0.58 162 19 0.16
Loggerhead Shrike JANO | 1.97 20.3 1.32 293 30 0.29
Lanius ludovicianus MAPI 261 191 1.79 380 36 0.38
TOKI 2.24 25.7 1.35 372 23 0.31
VACE | 1.12 20.3 0.76 167 28 0.20
VACO | 0.21 99.3 0.04 1.14 0.04
CUAT | 253 60.7 0.79 8.16 0.17
CUZA | 2.43 32.2 1.31 453 21 0.20
Chihuahuan Raven JANO | 2.44 29.2 1.38 429 18 0.27
Corvus cryptoleucus MAPI 026  109.2  0.04 1.51 0.04
TOKI 1.99 39.4 0.93 4.25 8 0.22
VACE | 0.74 35.4 0.38 147 11 0.13
VACO | 7.44 53.4 2.66 20.82 12 0.38
CUAT - - - - - -
CUZA | 084 410 0.39 1.84 12 0.08
Common Raven JANO | 0.62 30.9 0.34 113 14 0.17
Corvus corax MAPI 061 432 0.27 1.39 8 0.13
TOKI 0.19 77.3 0.05 0.80 2 0.06
VACE | 0.17 59.2 0.06 0.51 5 0.03
VACO - - - - - -
CUAT | 511 88.9 1.02 2567 4 0.11
CUZA - - - - - -
Horned Lark JANO | 21.99 262 1320 36.63 69 0.32
Eremophila alpestris MAPI - - - - - -
TOKI | 3024 337 1570 5822 81 0.39
VACE | 5.93 34.9 3.04 1158 35 0.13
VACO | 221 84.3 0.49 9.96 4 0.13
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Appendix B. Average densities of grassland spanieach GPCA.

Common Name GPCA D CVv LCL UCL n Prop. Of Transects
Scientific Name
CUAT | 917 1213  0.86 97.66 0.17
CUZA | 2.94 98.0 0.38 22.54 0.04
Mountain Bluebird JANO | 1.30 60.7 0.42 3.97 9 0.08
Sialia currucoides MAPI 391 392 1.85 827 26 0.18
TOKI 0.73 80.1 0.17 3.14 4 0.06
VACE | 0.72 49.0 0.29 1.82 8 0.05
VACO | 1445 1258 120 17371 4 0.08
CUAT | 1.67 70.1 0.44 6.29 2 0.11
CUZA | 0.63 80.4 0.16 2.58 4 0.03
Sprague's Pipit JANO | 2.14 38.8 1.02 449 11 0.12
Anthus spragueii MAPI 8.12 87.9 1.29 51.00 5 0.08
TOKI 6.87 66.2 2.04 23.21 0.07
VACE | 1.08 401 0.50 2.31 0.06
VACO - - - - - -
CUAT - - - - - -
CUZA | 239.08 21.2 15810 361.54 191 0.63
Clay-colored Sparrow JANO | 36.92 400 1710 79.72 18 0.18
Spizella pallida MAPI | 79.69 409 3653 173.86 36 0.31
TOKI 247 1045 043 1402 2 0.04
VACE | 1291 396 6.02 27.69 20 0.13
VACO - - - - 0 0.04
CUAT - - - - - -
CUZA | 254 61.9 0.80 801 10 0.07
Brewer's Sparrow JANO | 2724 353 1373 5405 27 0.29
Spizella breweri MAPI | 10.82  97.6 1.52 7717 6 0.07
TOKI 0.29 99.0 0.06 1.52 1 0.02
VACE | 1970 329 1047 37.07 42 0.18
VACO - - - - - -
CUAT - - - - - -
CUZA | 36243 17.4 257.67 509.79 313 1.16
Spizella spp. JANO | 217.02 21.3 14317 328.96 99 1.08
MAPI | 7744 329 4109 14592 51 0.47
TOKI 5.41 55.8 1.90 1540 7 0.13
VACE | 6208 258 37.64 10241 82 0.43
VACO | 13.03  99.4 2.35 72.41 0.08
CUAT | 1.37 1016 0.23 8.07 0.06
CUZA | 1811  19.8 1229 2668 56 0.32
Vesper Sparrow JANO | 23124 131 178.83 299.00 247 0.79
Pooecetes gramineus MAPI | 3394 265 2025 5690 53 0.36
TOKI 2.78 98.9 0.53 1457 2 0.04
VACE | 17456 115 139.39 218.61 466 0.73
VACO | 22.14 688 6.22 78.76 13 0.21
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Appendix B. Average densities of grassland spanieach GPCA.

Common Name GPCA D CVv LCL UCL n Prop. Of Transects
Scientific Name
CUAT - - - - - -
CUZA | 2588 369 1280 5234 43 0.23
Lark Sparrow JANO | 026 1017  0.05 1.40 0.01
Chondestes grammacus MAPI 056 1032  0.10 3.07 0.03
TOKI - - - - - -
VACE | 210 933  0.36 1235 3 0.02
VACO - - - - - -
CUAT - - - - - -
CUZA | 386  67.1 1.10 1362 10 0.06
Lark Bunting JANO | 19683 53.0 7355 52673 47 0.23
Calamospiza melanocorys MAPI | 19.79 628 6.14 63.73 14 0.15
TOKI - - - - - -
VACE | 133 565 047 382 11 0.08
VACO - - - - - -
CUAT - - - - - -
CUZA | 2162 244 1344 3480 57 0.29
Savannah Sparrow JANO | 15970 243  99.34  256.73 122 0.38
Passerculus sandwichensis MAPI | 2015 423 897 4526 21 0.17
TOKI | 9574 79.9 2258 40595 3 0.04
VACE | 61.03 206 40.83  91.22 192 0.43
VACO | 751 554 259 2176 6 0.17
CUAT - - - - - -
CUZA | 5059 267 3010 8503 63 0.25
Grasshopper Sparrow JANO | 7058 237 4441 11217 70 0.35
Ammodramus savannarum MAPI | 4129 296 2321 7347 40 0.22
TOKI - - - - - -
VACE | 7.69 288 441 1341 15 0.12
VACO | 860 557 2095 2509 3 0.13
CUAT - - - - - -
CUZA | 55.99 271 3305 9485 70 0.29
AmmOdramUS Spp. JANO | 99.17 213 6530 150.60 99 0.54
MAPI | 4244 279 2463 7312 40 0.24
TOKI - - - - - -
VACE | 4534 200 3068 67.00 81 0.41
VACO | 4110 491 1578  107.06 14 0.38
CUAT - - - - - -
cuza - - - - - -
Chestnut-collared Longspur JANO | 17800 27.4 104.68 302.67 113 0.45
Calcarius ornatus MAPI | 308 1184  0.46 2056 5 0.01
TOKI - - - - - -
VACE | 4894 351 2497 9592 64 0.15
VACO | 512 1047  0.86 3047 2 0.04
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Appendix B. Average densities of grassland spanieach GPCA.

Common Name GPCA D CVv LCL UCL n Prop. Of Transects
Scientific Name
CUAT - - - - - -
CUZA - - - - - -
Longspur spp. JANO | 183.87 27.8 107.44 314.68 124 0.50
Calcarius spp. MAPI | 900 716 248 3260 72 0.04
TOKI - - - - - -
VACE | 4259 350 2180 8318 71 0.19
VACO | 4.98 1047 0.84 29.66 2 0.04
CUAT - - - - - -
CUZA | 0.49 49.5 0.19 1.25 8 0.05
Eastern Meadowlark JANO 5.18 27.3 3.05 8.82 37 0.33
Sturnella magna MAPI R _ _ _ 0 0.01
TOKI 0.23 70.0 0.07 0.82 0.04
VACE | 1.68 37.4 0.82 344 21 0.10
VACO - - - - - -
CUAT | 043 99.9 0.07 2.48 1 0.06
CUZA | 0.39 51.1 0.15 1.03 6 0.05
Western Meadowlark JANO 1.44 50.9 0.55 3.77 8 0.08
Sturnella neglecta MAPI 9.73 565 3.39 2789 14 0.13
TOKI - - - - - -
VACE | 0.81 39.5 0.38 172 10 0.06
VACO | 1.64 58.0 0.54 4.98 0.13
CUAT | 0.35 99.7 0.06 2.04 0.06
CUZA | 0.90 35.4 0.46 178 14 0.10
Meadowlark spp. JANO | 19.06 206 1274 2852 87 0.69
Sturnella spp. MAPI 8.46 52.2 3.17 2257 15 0.14
TOKI 1.54 72.6 0.42 5.66 9 0.07
VACE | 5.19 20.2 3.50 770 72 0.37
VACO | 1.35 57.6 0.45 4.07 5 0.13

GPCA=Grassland priority conservation area; D=Awensity (birds/km); CV=Coefficient of Variation
(%); LCL=lower confidence limit on D; UCL=upper digence limit on D; n=number of independent
observations used to estimate D (after truncatiBrp. of Transects=proportion of transects on fwhic

species was detected
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Appendix C. Target species and numbers of indaiglobserved on road-based line
transect surveys conducted from vehicles (spenibsld are considered priority species
according to PIF, USFWS, and/or TNC).

Common Name Scientific name N
Scaled Quail Callipepla squamata 40
White-tailed Kite Elanus leucurus 6
Bald Eagle Haliaeetus leucocephalus 2
Northern Harrier Circus cyaneus 114
Sharp-shinned Hawk Accipter striatus 10
Cooper's Hawk Accipter cooperii 5
Harris' Hawk Parabuteo unicinctus 26
White-tailed Hawk Buteo albicaudatus 2
Red-tailed Hawk Buteo jamaicensis 118
Ferruginous Hawk Buteo regalis 22
Golden Eagle Aquila chrysaetos 4
Crested Caracara Caracara cheriway 3
American Kestrel Falco sparverius 110
Merlin Falco columbarius 17
Aplomado Falcon Falco femoralis 2
Prairie Falcon Falco mexicanus 7
Sandhill Crane Grus canadensis 398
Mountain Plover Charadrius montanus 0
Long-billed Curlew Numenius americanus 0
Barn Owl Tyto alba 1
Great Horned Owl Bubo virginianus 2
Burrowing Owl Athene cunicularia 7
Short-eared Owl Asio flammeus 2
Loggerhead Shrike Lanius ludovicianus 126
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Appendix D. Proportion of observed vs. expecteglarmong grass coverage classes.

Appendix D. Proportion of observed vs. expecteglaraong grass coverage classes by
wintering grassland-associated birds in Chihualdesert Grassland Priority
Conservation Areas (GPCASs) in Mexico. Valuedatd indicate significant differences.

% Grass |Proportion Expected Difference
Species Cover Used LCL* ucCL* Use (%)
Scaled Quall <1% 0.17 0.08 0.25 0.19 -1.88
Callipepla squamata 1-3% 0.07 0.01 0.13 0.08 -1.26
n =38 3-10% 0.11 0.04 0.19 0.11 -0.01
c? =20.39 10-25% 0.18 0.09 0.26 0.15 2.35
df =6 25-50% 0.09 0.02 0.15 0.19 -9.84
p <0.01 50-75% 0.15 0.07 0.23 0.16 -1.21
75-100% | 0.24 0.14 0.33 0.12 11.84
Northern Harrier <1% 0.09 0.05 0.13 0.19 -9.4
Circus cyaneus 1-3% 0.01 0 0.03 0.08 -6.8
n =113 3-10% 0.06 0.03 0.09 0.11 -5.51
c? =112.57 10-25% 0.1 0.06 0.14 0.15 -5.46
df =6 25-50% 0.25 0.19 0.31 0.19 6.46
p <0.01 50-75% 0.26 0.2 0.32 0.16 9.84
75-100% | 0.23 0.17 0.28 0.12 10.87
Red-tailed Hawk <1% 0.1 0.05 0.14 0.19 -8.7
Buteo jamaicensis 1-3% 0.09 0.05 0.13 0.08 0.78
n =85 3-10% 0.12 0.07 0.17 0.11 0.4
c® =20.89 10-25% 0.14 0.08 0.19 0.15 -1.41
df =6 25-50% 0.26 0.19 0.32 0.19 6.97
p <0.01 50-75% 0.2 0.14 0.26 0.16 3.96
75-100% 0.1 0.05 0.14 0.12 -2
American Kestrel <1% 0.12 0.06 0.17 0.19 -6.81
Falco sparervius 1-3% 0.02 0 0.05 0.08 -5.93
n =71 3-10% 0.07 0.02 0.11 0.11 -4.84
c® =53.81 10-25% 0.08 0.04 0.13 0.15 -6.74
df =6 25-50% 0.29 0.21 0.36 0.19 10.02
p <0.01 50-75% 0.22 0.15 0.29 0.16 5.95
75-100% 0.2 0.13 0.27 0.12 8.35
Mourning Dove <1% 0.18 0.15 0.2 0.19 -1.02
Zenaida macroura 1-3% 0.04 0.03 0.06 0.08 -3.92
n =529 3-10% 0.13 0.11 0.15 0.11 1.2
c? =63.12 10-25% 0.13 0.11 0.15 0.15 -2.27
df =6 25-50% 0.19 0.17 0.21 0.19 0.3
p <0.01 50-75% 0.21 0.19 0.24 0.16 5
75-100% | 0.13 0.11 0.15 0.12 0.71
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Appendix D. Proportion of observed vs. expecteglarmong grass coverage classes.

% Grass |Proportion Expected Difference
Species Cover Used LCL* ucCL* Use (%)
Burrowing Owl <1% 0.08 0.01 0.15 0.19 -10.46
Athene cunicularia 1-3% 0.03 -0.01 0.07 0.08 -5.24
n =33 3-10% 0.1 0.03 0.18 0.11 -1.31
c? =31.9 10-25% 0.32 0.21 0.44 0.15 17.13
df =6 25-50% 0.23 0.13 0.34 0.19 4.62
p <0.01 50-75% 0.1 0.03 0.18 0.16 -6.02
75-100% | 0.13 0.05 0.21 0.12 1.29
Say's Phoebe <1% 0.18 0.13 0.23 0.19 -0.47
Sayornis saya 1-3% 0.05 0.02 0.08 0.08 -3.47
n =118 3-10% 0.14 0.09 0.18 0.11 2.43
c? =23.49 10-25% 0.15 0.1 0.19 0.15 -0.5
df =6 25-50% 0.26 0.21 0.32 0.19 7.65
p <0.01 50-75% 0.14 0.1 0.19 0.16 -1.71
75-100% | 0.08 0.04 0.11 0.12 -3.93
Loggerhead Shrike <1% 0.15 0.11 0.19 0.19 -3.35
Lanius ludovicianus 1-3% 0.07 0.04 0.09 0.08 -1.7
n =147 3-10% 0.12 0.08 0.16 0.11 0.61
c® =14.58 10-25% 0.13 0.09 0.17 0.15 -1.81
df =6 25-50% 0.22 0.17 0.27 0.19 3.38
p =0.02 50-75% 0.21 0.16 0.25 0.16 4.52
75-100% 0.1 0.07 0.14 0.12 -1.64
Chihuahuan Raven <1% 0.1 0.06 0.15 0.19 -8.05
Corvus cryptoleucus 1-3% 0.05 0.02 0.08 0.08 -3.34
n =108 3-10% 0.07 0.03 0.1 0.11 -4.62
c® =38.72 10-25% 0.19 0.14 0.24 0.15 3.63
df =6 25-50% 0.27 0.21 0.33 0.19 7.93
p <0.01 50-75% 0.17 0.12 0.22 0.16 1.16
75-100% | 0.15 0.1 0.2 0.12 3.28
Common Raven <1% 0.15 0.08 0.22 0.19 -3.58
Corvus corax 1-3% 0.07 0.02 0.12 0.08 -1.47
n =49 3-10% 0.15 0.08 0.22 0.11 3.55
c? =25.79 10-25% 0.07 0.02 0.12 0.15 -8.39
df =6 25-50% 0.18 0.11 0.26 0.19 -0.25
p <0.01 50-75% 0.15 0.08 0.22 0.16 -1.15
75-100% | 0.23 0.15 0.32 0.12 11.29
Horned Lark <1% 0.03 0.02 0.05 0.19 -15.09
Eremophila alpestris 1-3% 0.01 0 0.02 0.08 -7.12
n =203 3-10% 0.04 0.02 0.05 0.11 -7.79
c? =300.73 10-25% 0.24 0.2 0.29 0.15 9.15
df =6 25-50% 0.3 0.26 0.35 0.19 11.81
p <0.01 50-75% 0.13 0.1 0.17 0.16 -2.96
75-100% | 0.24 0.2 0.28 0.12 12.01
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Appendix D. Proportion of observed vs. expecteglarmong grass coverage classes.

% Grass |Proportion Expected Difference
Species Cover Used LCL* ucCL* Use (%)
Sprague's Pipit <1% 0.11 0.04 0.18 0.19 -7.43
Anthus spragueii 1-3% 0.02 -0.01 0.06 0.08 -5.89
n =42 3-10% 0.04 0 0.08 0.11 -7.44
c® =66.32 10-25% 0.05 0 0.09 0.15 -10.43
df =6 25-50% 0.4 0.3 0.51 0.19 21.86
p <0.01 50-75% 0.16 0.08 0.24 0.16 -0.25
75-100% | 0.21 0.12 0.3 0.12 9.59
Clay-colored Sparrow <1% 0.16 0.13 0.19 0.19 -3
Spizella palida 1-3% 0.03 0.02 0.05 0.08 -4.9
n =296 3-10% 0.13 0.1 0.15 0.11 1.09
c? =71.68 10-25% 0.2 0.16 0.23 0.15 4.51
df =6 25-50% 0.23 0.2 0.26 0.19 4.36
p <0.01 50-75% 0.19 0.15 0.22 0.16 2.57
75-100% | 0.07 0.05 0.09 0.12 -4.63
Brewer's Sparrow <1% 0.02 0 0.04 0.19 -16.71
Spizella breweri 1-3% 0.02 0 0.04 0.08 -6.07
n =91 3-10% 0.05 0.02 0.08 0.11 -6.27
c? =65.81 10-25% 0.17 0.12 0.23 0.15 2.09
df =6 25-50% 0.24 0.17 0.3 0.19 491
p <0.01 50-75% 0.39 0.31 0.46 0.16 22.48
75-100% | 0.11 0.07 0.16 0.12 -0.44
Vesper Sparrow <1% 0.03 0.02 0.03 0.19 -15.82
Pooecetes grammineus 1-3% 0.03 0.02 0.03 0.08 -5.73
n =893 3-10% 0.05 0.04 0.07 0.11 -5.92
c® =1254.81 10-25% 0.11 0.09 0.12 0.15 -4.25
df =6 25-50% 0.26 0.23 0.28 0.19 6.93
p <0.01 50-75% 0.28 0.26 0.31 0.16 12.37
75-100% | 0.24 0.22 0.26 0.12 12.43
Lark Sparrow <1% 0.25 0.16 0.33 0.19 5.98
Chondestes grammacus 1-3% 0.13 0.06 0.19 0.08 4.3
n =53 3-10% 0.13 0.06 0.19 0.11 1.17
c® =28.72 10-25% 0.11 0.05 0.17 0.15 -4.5
df =6 25-50% 0.26 0.18 0.35 0.19 7.8
p <0.01 50-75% 0.11 0.05 0.17 0.16 -5.43
75-100% | 0.03 -0.01 0.06 0.12 -9.32
Lark Bunting <1% 0.04 0.01 0.07 0.19 -14.13
Calamospiza melanocorys 1-3% 0.07 0.03 0.11 0.08 -1.29
n =91 3-10% 0.08 0.04 0.12 0.11 -3.69
c? =103.56 10-25% 0.08 0.04 0.12 0.15 -7.47
df =6 25-50% 0.23 0.17 0.29 0.19 4.18
p <0.01 50-75% 0.24 0.18 0.31 0.16 8.14
75-100% | 0.26 0.2 0.33 0.12 14.26
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Appendix D. Proportion of observed vs. expecteglarmong grass coverage classes.

% Grass |Proportion Expected Difference
Species Cover Used LCL* ucCL* Use (%)
Savannah Sparrow <1% 0.03 0.02 0.04 0.19 -15.7
Passerculus sandwichensis| 1-3% 0.02 0.01 0.03 0.08 -5.9
n =422 3-10% 0.05 0.03 0.06 0.11 -6.91
c® =774.47 10-25% 0.1 0.08 0.12 0.15 -5.4
df =6 25-50% 0.21 0.18 0.24 0.19 2.24
p <0.01 50-75% 0.31 0.28 0.34 0.16 15.16
75-100% | 0.28 0.25 0.31 0.12 16.52
Grasshopper Sparrow <1% 0.05 0.03 0.07 0.19 -13.9
Ammodramus savannarum | 1-3% 0.03 0.01 0.04 0.08 -5.45
n =201 3-10% 0.05 0.03 0.07 0.11 -6.44
c? =420.33 10-25% 0.08 0.05 0.1 0.15 -7.4
df =6 25-50% 0.16 0.12 0.19 0.19 -3.03
p <0.01 50-75% 0.34 0.3 0.39 0.16 18.21
75-100% 0.3 0.25 0.34 0.12 18.01
Ammodramus sp. <1% 0.04 0.02 0.05 0.19 -14.66
1-3% 0.02 0.01 0.03 0.08 -6.07
n =318 3-10% 0.03 0.02 0.05 0.11 -8.16
c® =426.34 10-25% 0.08 0.06 0.1 0.15 -6.9
df =6 25-50% 0.16 0.13 0.19 0.19 -2.35
p <0.01 50-75% 0.35 0.31 0.39 0.16 19.14
75-100% | 0.31 0.27 0.35 0.12 19.01
Chestnut-collared Longspur| <1% 0.05 0.03 0.08 0.19 -13.22
Calcarius ornatus 1-3% 0.01 0 0.02 0.08 -7.59
n =194 3-10% 0.02 0.01 0.04 0.11 -9.18
c? =645.16 10-25% 0.04 0.02 0.06 0.15 -10.9
df =6 25-50% 0.21 0.17 0.25 0.19 2.17
p <0.01 50-75% 0.25 0.21 0.3 0.16 9.14
75-100% | 0.41 0.36 0.46 0.12 29.57
Calcarius sp. <1% 0.07 0.05 0.1 0.19 -11.5
1-3% 0.01 0 0.02 0.08 -7.02
n =213 3-10% 0.03 0.01 0.04 0.11 -8.6
c? =608.38 10-25% 0.04 0.02 0.06 0.15 -10.97
df =6 25-50% 0.21 0.17 0.25 0.19 2.2
p <0.01 50-75% 0.25 0.21 0.29 0.16 8.61
75-100% | 0.39 0.34 0.44 0.12 27.28
Eastern Meadowlark <1% 0.01 -0.01 0.02 0.19 -17.71
Sturnella magna 1-3% 0.03 0 0.06 0.08 -5.36
n =80 3-10% 0.03 0 0.06 0.11 -8.08
c? =256.02 10-25% 0.05 0.01 0.08 0.15 -10.61
df =6 25-50% 0.2 0.13 0.26 0.19 0.97
p <0.01 50-75% 0.3 0.23 0.37 0.16 13.88
75-100% | 0.39 0.31 0.46 0.12 26.91
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Appendix D. Proportion of observed vs. expecteglarmong grass coverage classes.

% Grass |Proportion Expected Difference
Species Cover Used LCL* ucCL* Use (%)
Western Meadowlark <1% 0.04 0 0.09 0.19 -14.1
Sturnella neglecta 1-3% 0.02 -0.01 0.05 0.08 -6.05
n =45 3-10% 0.04 0 0.09 0.11 -6.97
c® =69.62 10-25% 0.13 0.06 0.2 0.15 -2.6
df =6 25-50% 0.22 0.13 0.31 0.19 3.61
p <0.01 50-75% 0.24 0.15 0.34 0.16 8.32
75-100% 0.3 0.2 0.39 0.12 17.79
Sturnella sp. <1% 0.03 0.02 0.05 0.19 -15.11
1-3% 0.02 0.01 0.04 0.08 -5.99
n =204 3-10% 0.04 0.02 0.06 0.11 -7.49
c® =524.9 10-25% 0.08 0.05 0.11 0.15 -7.35
df =6 25-50% 0.2 0.16 0.24 0.19 1.65
p <0.01 50-75% 0.25 0.2 0.29 0.16 8.55
75-100% | 0.38 0.33 0.42 0.12 25.74

*Lower (LCL) and upper (UCL) Bonferroni-adjusted confidence limits on proportion of observed
use
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Appendix E. Proportion of observed vs. expectadamong shrub coverage classes.

Appendix E. Proportion of observed vs. expectexdlaraong shrub coverage classes by
wintering grassland-associated birds in Chihualdesert Grassland Priority
Conservation Areas (GPCASs) in Mexico. Valuedatd indicate significant differences.

% Shrub | Proportion Expected Difference
Species Cover Used LCL* ucCL* Use (%)
Scaled Quall <1% 0.18 0.10 0.27 0.10 8.65
Callipepla squamata 1-3% 0.14 0.06 0.22 0.10 3.62
n =38 3-10% 0.13 0.05 0.21 0.13 0.60
c? =18.43 10-25% 0.17 0.08 0.25 0.15 2.04
df =6 25-50% 0.21 0.12 0.30 0.23 -1.56
p =0.01 50-75% 0.12 0.05 0.20 0.18 -5.27
75-100% 0.04 0.00 0.09 0.12 -8.10
Northern Harrier <1% 0.30 0.24 0.36 0.10 20.02
Circus cyaneus 1-3% 0.14 0.10 0.19 0.10 4.04
n =114 3-10% 0.16 0.11 0.21 0.13 3.67
c? =212.26 10-25% 0.17 0.12 0.22 0.15 2.19
df =6 25-50% 0.12 0.08 0.16 0.23 -10.81
p <0.01 50-75% 0.09 0.06 0.13 0.18 -8.11
75-100% 0.01 0.00 0.03 0.12 -11.01
Red-tailed Hawk <1% 0.17 0.11 0.23 0.10 7.16
Buteo jamaicensis 1-3% 0.16 0.10 0.21 0.10 5.33
n =114 3-10% 0.19 0.13 0.25 0.13 6.74
c® =65.56 10-25% 0.20 0.14 0.26 0.15 5.46
df =6 25-50% 0.15 0.09 0.20 0.23 -8.04
p <0.01 50-75% 0.09 0.04 0.13 0.18 -8.88
75-100% 0.05 0.01 0.08 0.12 -7.76
American Kestrel <1% 0.38 0.30 0.46 0.10 28.26
Falco sparervius 1-3% 0.15 0.09 0.21 0.10 4.61
n =71 3-10% 0.15 0.09 0.22 0.13 2.94
c® =231.99 10-25% 0.15 0.09 0.20 0.15 -0.07
df =6 25-50% 0.09 0.04 0.14 0.23 -13.69
p <0.01 50-75% 0.05 0.01 0.08 0.18 -12.85
75-100% 0.03 0.00 0.06 0.12 -9.20
Mourning Dove <1% 0.16 0.14 0.18 0.10 6.37
Zenaida macroura 1-3% 0.13 0.11 0.16 0.10 3.08
n =529 3-10% 0.15 0.13 0.17 0.13 2.39
c? =158.17 10-25% 0.17 0.15 0.19 0.15 2.34
df =6 25-50% 0.18 0.16 0.21 0.23 -4.39
p <0.01 50-75% 0.12 0.10 0.14 0.18 -5.19
75-100% 0.08 0.06 0.10 0.12 -4.60
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Appendix E. Proportion of observed vs. expectadamong shrub coverage classes.

% Shrub | Proportion Expected Difference
Species Cover Used LCL* ucCL* Use (%)
Burrowing Owl <1% 0.52 0.39 0.64 0.10 41.74
Athene cunicularia 1-3% 0.13 0.05 0.21 0.10 2.72
n =33 3-10% 0.10 0.03 0.18 0.13 -2.45
c® =209.79 10-25% 0.12 0.04 0.20 0.15 -2.50
df =6 25-50% 0.11 0.03 0.19 0.23 -11.50
p <0.01 50-75% 0.01 -0.01 0.03 0.18 -16.54
75-100% 0.01 -0.01 0.03 0.12 -11.47
Say's Phoebe <1% 0.16 0.11 0.21 0.10 6.05
Sayornis saya 1-3% 0.12 0.08 0.17 0.10 2.02
n =118 3-10% 0.22 0.17 0.28 0.13 9.76
c? =109.46 10-25% 0.22 0.17 0.28 0.15 7.69
df =6 25-50% 0.18 0.13 0.22 0.23 -5.10
p <0.01 50-75% 0.06 0.03 0.10 0.18 -11.05
75-100% 0.03 0.01 0.05 0.12 -9.37
Loggerhead Shrike <1% 0.17 0.13 0.22 0.10 7.46
Lanius ludovicianus 1-3% 0.16 0.12 0.21 0.10 5.91
n =147 3-10% 0.18 0.13 0.22 0.13 5.13
c? =147.18 10-25% 0.23 0.18 0.28 0.15 8.28
df =6 25-50% 0.18 0.13 0.22 0.23 -4.70
p <0.01 50-75% 0.06 0.03 0.09 0.18 -11.42
75-100% 0.02 0.00 0.03 0.12 -10.67
Chihuahuan Raven <1% 0.29 0.23 0.36 0.10 19.55
Corvus cryptoleucus 1-3% 0.11 0.07 0.15 0.10 0.39
n =108 3-10% 0.16 0.11 0.21 0.13 3.80
c® =203.97 10-25% 0.22 0.16 0.27 0.15 6.98
df =6 25-50% 0.12 0.07 0.16 0.23 -10.88
p <0.01 50-75% 0.09 0.05 0.12 0.18 -8.90
75-100% 0.02 0.00 0.03 0.12 -10.94
Common Raven <1% 0.41 0.32 0.51 0.10 31.72
Corvus corax 1-3% 0.14 0.07 0.21 0.10 3.87
n =49 3-10% 0.14 0.07 0.21 0.13 1.73
c® =188.74 10-25% 0.11 0.05 0.17 0.15 -3.74
df =6 25-50% 0.12 0.06 0.19 0.23 -10.37
p <0.01 50-75% 0.03 0.00 0.07 0.18 -14.15
75-100% 0.03 0.00 0.07 0.12 -9.08
Horned Lark <1% 0.75 0.70 0.79 0.10 64.90
Eremophila alpestris 1-3% 0.10 0.07 0.13 0.10 -0.71
n =203 3-10% 0.05 0.03 0.07 0.13 -7.29
c? =2947.63 10-25% 0.06 0.04 0.08 0.15 -8.70
df =6 25-50% 0.03 0.02 0.05 0.23 -19.16
p <0.01 50-75% 0.01 0.00 0.01 0.18 -16.89
75-100% 0.00 0.00 0.01 0.12 -12.15
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Appendix E. Proportion of observed vs. expectadamong shrub coverage classes.

% Shrub | Proportion Expected Difference
Species Cover Used LCL* ucCL* Use (%)
Sprague's Pipit <1% 0.48 0.37 0.59 0.10 37.85
Anthus spragueii 1-3% 0.11 0.04 0.18 0.10 0.70
n =42 3-10% 0.15 0.07 0.23 0.13 2.53
c® =217.18 10-25% 0.06 0.01 0.12 0.15 -8.27
df =6 25-50% 0.10 0.03 0.16 0.23 -13.09
p <0.01 50-75% 0.06 0.01 0.11 0.18 -11.99
75-100% 0.05 0.00 0.09 0.12 -7.72
Clay-colored Sparrow <1% 0.12 0.09 0.14 0.10 1.83
Spizella pallida 1-3% 0.09 0.06 0.11 0.10 -1.74
n =296 3-10% 0.15 0.12 0.18 0.13 2.20
c? =67.14 10-25% 0.18 0.15 0.21 0.15 3.06
df =6 25-50% 0.18 0.15 0.21 0.23 -4.82
p <0.01 50-75% 0.23 0.20 0.27 0.18 5.65
75-100% 0.06 0.04 0.08 0.12 -6.18
Brewer's Sparrow <1% 0.17 0.11 0.22 0.10 6.77
Spizella breweri 1-3% 0.20 0.14 0.26 0.10 9.81
n =91 3-10% 0.25 0.19 0.32 0.13 12.81
c? =158.71 10-25% 0.22 0.16 0.28 0.15 7.44
df =6 25-50% 0.11 0.06 0.15 0.23 -11.95
p <0.01 50-75% 0.05 0.02 0.08 0.18 -12.40
75-100% 0.00 0.00 0.00 0.12 -12.48
Vesper Sparrow <1% 0.27 0.25 0.29 0.10 17.23
Pooecetes grammineus 1-3% 0.21 0.19 0.23 0.10 10.98
n =894 3-10% 0.19 0.17 0.21 0.13 6.53
c® =1888.77 10-25% 0.15 0.14 0.17 0.15 0.80
df =6 25-50% 0.11 0.09 0.12 0.23 -12.01
p <0.01 50-75% 0.05 0.04 0.06 0.18 -12.21
75-100% 0.01 0.01 0.02 0.12 -11.32
Lark Sparrow <1% 0.13 0.07 0.20 0.10 3.44
Chondestes grammacus 1-3% 0.14 0.08 0.21 0.10 4.05
n =53 3-10% 0.15 0.08 0.22 0.13 2.54
c® =53.73 10-25% 0.06 0.02 0.11 0.15 -8.33
df =6 25-50% 0.14 0.07 0.21 0.23 -8.77
p <0.01 50-75% 0.34 0.25 0.43 0.18 16.42
75-100% 0.03 0.00 0.07 0.12 -9.34
Lark Bunting <1% 0.34 0.27 0.41 0.10 24.42
Calamospiza melanocorys 1-3% 0.24 0.18 0.30 0.10 13.48
n =91 3-10% 0.11 0.06 0.15 0.13 -1.89
c? =276.49 10-25% 0.10 0.05 0.14 0.15 -5.06
df =6 25-50% 0.09 0.05 0.13 0.23 -13.79
p <0.01 50-75% 0.12 0.07 0.17 0.18 -5.41
75-100% 0.01 -0.01 0.02 0.12 -11.75
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Appendix E. Proportion of observed vs. expectadamong shrub coverage classes.

% Shrub | Proportion Expected Difference
Species Cover Used LCL* ucCL* Use (%)
Savannah Sparrow <1% 0.41 0.38 0.45 0.10 31.54
Passerculus sandwichensis| 1-3% 0.18 0.15 0.21 0.10 7.60
n =422 3-10% 0.13 0.11 0.15 0.13 0.32
c® =1690.74 10-25% 0.11 0.09 0.13 0.15 -3.64
df =6 25-50% 0.09 0.07 0.11 0.23 -13.45
p <0.01 50-75% 0.07 0.05 0.08 0.18 -10.91
75-100% 0.01 0.00 0.02 0.12 -11.46
Grasshopper Sparrow <1% 0.31 0.27 0.36 0.10 21.41
Ammodramus savannarum 1-3% 0.18 0.15 0.22 0.10 7.99
n =201 3-10% 0.20 0.16 0.24 0.13 7.51
c? =537.94 10-25% 0.18 0.14 0.21 0.15 2.96
df =6 25-50% 0.08 0.05 0.11 0.23 -14.48
p <0.01 50-75% 0.04 0.02 0.06 0.18 -13.23
75-100% 0.00 0.00 0.01 0.12 -12.15
Ammodramus sp. <1% 0.35 0.31 0.39 0.10 25.49
1-3% 0.20 0.16 0.23 0.10 9.10
n =318 3-10% 0.21 0.17 0.24 0.13 8.12
c? =1087.27 10-25% 0.14 0.11 0.17 0.15 -0.46
df =6 25-50% 0.07 0.05 0.08 0.23 -16.10
p <0.01 50-75% 0.03 0.02 0.05 0.18 -14.19
75-100% 0.01 0.00 0.01 0.12 -11.96
Chestnut-collared Longspur| <1% 0.73 0.69 0.78 0.10 63.25
Calcarius ornatus 1-3% 0.12 0.09 0.16 0.10 1.79
n =194 3-10% 0.07 0.05 0.10 0.13 -5.34
c® =2708.88 10-25% 0.02 0.01 0.03 0.15 -12.73
df =6 25-50% 0.05 0.03 0.07 0.23 -17.80
p <0.01 50-75% 0.01 0.00 0.02 0.18 -16.86
75-100% 0.00 0.00 0.01 0.12 -12.31
Calcarius sp. <1% 0.72 0.67 0.76 0.10 62.06
1-3% 0.12 0.09 0.15 0.10 1.48
n =213 3-10% 0.08 0.05 0.10 0.13 -4.89
c® =2861.86 10-25% 0.03 0.01 0.04 0.15 -11.96
df =6 25-50% 0.05 0.03 0.07 0.23 -17.76
p <0.01 50-75% 0.01 0.00 0.02 0.18 -16.61
75-100% 0.00 0.00 0.01 0.12 -12.33
Eastern Meadowlark <1% 0.55 0.48 0.63 0.10 45.64
Sturnella magna 1-3% 0.16 0.10 0.22 0.10 5.42
n =80 3-10% 0.09 0.05 0.14 0.13 -3.39
c? =608.41 10-25% 0.09 0.05 0.14 0.15 -5.46
df =6 25-50% 0.07 0.03 0.11 0.23 -15.53
p <0.01 50-75% 0.03 0.00 0.06 0.18 -14.63
75-100% 0.00 -0.01 0.01 0.12 -12.07
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Appendix E. Proportion of observed vs. expectadamong shrub coverage classes.

% Shrub | Proportion Expected Difference
Species Cover Used LCL* ucCL* Use (%)
Western Meadowlark <1% 0.30 0.21 0.40 0.10 20.60
Sturnella neglecta 1-3% 0.17 0.09 0.25 0.10 6.62
n =45 3-10% 0.17 0.09 0.25 0.13 4.48
c® =103.19 10-25% 0.17 0.09 0.25 0.15 2.42
df =6 25-50% 0.16 0.08 0.23 0.23 -7.06
p <0.01 50-75% 0.03 -0.01 0.07 0.18 -14.58
75-100% 0.00 0.00 0.00 0.12 -12.48
Sturnella sp. <1% 0.43 0.38 0.48 0.10 33.37
1-3% 0.18 0.14 0.22 0.10 7.89
n =204 3-10% 0.14 0.10 0.17 0.13 1.17
c? =922.45 10-25% 0.11 0.08 0.14 0.15 -3.35
df =6 25-50% 0.09 0.06 0.12 0.23 -13.30
p <0.01 50-75% 0.02 0.01 0.04 0.18 -15.10
75-100% 0.02 0.00 0.03 0.12 -10.68

*Lower (LCL) and upper (UCL) Bonferroni-adjusted confidence limits on proportion of observed

us
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