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ABSTRACT

A total of 184 known nesting territories were sl in Piceance Basin (Rio Blanco County, Colorado)

during the 2010 breeding seasddf these nest areas, 8880<162) were classified as being occupied

during the spring surveys, and 1186<21) of the known r&t areas were confirmed as being unoccupied

during the 2010 breeding seasddf the occupied nest areas where the outcome ofdbigng attempt

was recorded (e.g., failed or successful¥ (124 nests), we reported a success rate of 839409

successfl nests), and a nest failure rate of 129 (L5 failed nests)The outcome of 38 nesting attempts

(n=38 nests or 23% of all occupied nests) was not recoréledging rate information was collected at

all nestghat successfully fledged youlig= 10). These nests producedotal of 310 fledglings X =

2.13, £ 0.32 fledglings produced per susfesnes]. We found that nest productivity was similar among
Cooper 6 s h eeardd ow imdur dtudyragea. When consideringonls uc c e s s f u | Coope
nestyn=49)of 62 possi ble occupied nests, we found tha
fledglings) per breeding paiMoreover, vinen considering only successful Leagred owl nest\(= 43)

of 59 possible occued nests, Longared owl produced on average 3 (x 0.19 fledglings) per breeding

pair. We docuranted a nest failure rate of®1 f or Co o p=13ated rfestsjvdnd % for

Long-eared owl If = 16 failed nests) during the 2010 breeding seasonds&taoted that nest re

occupancy during the 2010 breeding season was high, withrf88%Q) ofnestshat were occupied in

2009 alsaconfirmed as being reccupied in 2010. When comparing response variable means among
acti ve Co op@)addsLodgearediowl if =59) nests, we found that Lomegred owl nests

were generally located in areas where overall nest density wastigB.22,p = 0.005). We also found

that Longeared owl nests tended to be locatedasidsneighboring nests wnencompad t o Cooper
hawk nests, which most often were locatefligherdistances from neighboring nests<9.99,p =

0.002) Mean distance from Lorgared owl nests\(= 59) to neighboring nests was 362.63 (= 70.25 m),
whil e mean di st akmestsif 62)tnneighbaripgeestSas 1,12% (w435.97 m).

The mean di stance bet we e nearecowlinasts wa€ 216 ( 84.99ms27 h a wk an
nest pairs, range =26to515Mmital so recorded three casesedowher e Co
shared nest stands (mean =57.3 + by.Fange =226 to 74 nm.. We found that ests that successfully

fledged young tended to be closer to other neighboring (est9.33,p = 0.003). Moreover, wenty

eight (28) percemnf all successful nesthdt were within the 0 to 500 m € 30) distance categories from

a producing well produced 29% £ 90) of all young that were produced during the 2010 breeding

season. After calculating the distancwungff=om each
49) to the nearest producing well, we found that both the maximum number ofrestsdnd

maximum number ofyounqié 23) produced per distance ®©®&tbegory
distance categoryinformation collected as a resulif this project will contribute to lorterm,

cumulative efforts to monitor reproductive successt site fidelitypetter describe important nesting

habitat featuregnddocumenipossible changes in nest distribution and abundance of breeding raptors

within the project area that may epacted by natural gas exploratiand extractioractivitieson BLM-

managed lands.
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INTRODUCTION

In April, 2008 theBureau of Land Manageent,White River Field Office (WRFO)
initiated a project designed to collect breeding season imafitomfor woodland raptoris the
Piceance Basin, Colorad®. 1-3 S, R.96-98 W., 6" Principle Meridian) The purpose of this
project was to collect imkmation that would allow for an assessment of nest distribution and
territory occupancy over time areasheavilyinfluenced bynatural gas exploration and
extractionactivities. The target species were R&dled hawk(Buteo jamaicens)s Cooper 6 s
hawk (Accipiter cooperi), Sharpshinned hawKAccipiter striatug, Northern goshawk
(Accipiter gentilig, Golden eagléAquila chrysaetos and Longeared ow[(Asio otus.

Project objectivemcluded the following(1) collect breeding season productivity
information for selected raptor species to allow for a robust comparisorferkdifes that may
exist (2) provide both a descriptive and statistical summadiftdrences in nesting productivity
among Cooper 0 searbdoow kn ar@as dhere patligas exploration and extraction
activities are prevalent across the landscape.

The purposand focusof this document iso provide adescriptivesummary of results
pertaining to nesting success and productivityasfous raptor species that occupg project
area during the breeding season for nesting purposes. In addition, the purpose of this document
is to provide a statistical comparison, using exploratory, and both parametric and nonparametric
statistical tests, to describe observed pattermest success and changes in productivity when
juxtaposed within a landscape where natural gas exploration and extraction is a dominant feature.
For this purpose, and because it was possible to identify discrete features associated with oil and
gas actiities (e.g., producing wells, well pads, and road infrastructure) we chose to focus our
efforts on describing observed di st-eaared@wl r el at i
as they pertain to natural gas exploration and extraction, rather thanchlsbng possible
effects that grazing may have on these spemesheir prey A descriptive summary was
provided for all species with regard to eaebponseariable; however, écause of inadequate
sample sizeonlyLonge ar ed owl an der€dasenas tibeswo Bpeaek in which
mean difference between response variables were exastatestically

Assuming adequate funding is available for this project in20te following topics will

be included in the projedbjectives (1) the coninuation of an assessment afgsible behavioral



effects of oil and gas activities on prey delivery rates, prey diversity and prey equitability,

parent al behavior, and pr oductringsystepns{(2pthe Cooper ¢
development o sampling scheme that allows for the assessment of detection probédility

selected species; (8)e continuation of an assessmenpaossiblecumulative inpacts taaptor

productivity in areas whenmsatural gas exploration and extraction is relativelalized but

intense.



STUDY AREA

The study area is located in northwestern Colorado in the PiceancgBakid S., R.
96-98 W., 6" Principle Meridian)an area ranging from 1,737 to 2,590 m in elevation (Sedgwick
1987). Tke dominant overstory vegetation in the area is pinyon @ima$ eduliy and Utah
juniper Quniperus osteospermalow elevation woodlands on shales are dominated by juniper
with an understory of scattered prairie junegr&ssdria cristatg, bluebunchwheatgrass
(Agropyron spicatum needleandthread Stipa comaty bottlebrush squirreltailSitanion
hystrix), Indian ricegrassdryzopsis hymenoidgsand sometimes stunted antelope bitterbrush
(Purshia tridentatad and true mountain mahogangdrcocarpusnontanuy Common forbs
include groundselSenecispp.), skyrocket giliaGilia aggregata) penstemonFenstemon
spp.), Hood phloxRhlox hoodi), and Nuttall golden weedHgplopappus nuttall). Pinyon pine,
big sagebrushArtemisia tridentaty and wetern wheatgras; smithi) join on sandstone to
form a more diverse plant community. Above 2,100 m, pinyonigittfee predominant tree
speciesand the shrub layer is composed of big sagebrush, rabbitl2hsyspthamnuspp.),
antelope bitterbrushna occasionallyrue mountain mahoganghokecherry Rrunus
virginiana), and Saskatoon servideerry (Amelanchier alnifolij. Gambel oakQuercus
gambeli) is prominent on steep slopes and frequently occurs in shady ravines. Thiograss
community abov@,100 m includes most species found at lower elevations, but percentage
ground cover is higher; arrowleaf balsamrdgdléamorhiza sagittajeand lupine Lupinusspp.)

are also frequently present.



METHODS

Nest Inventory and Monitoring

Efforts to monitor known neistg territoriesfor the 240 breeding seasdoegan o 26
April and ended ot SeptembeR010 within the studyarea Figure 1. The start date was
definedas the timavhenfield work was conducted fulime by a person dedicated nest
inventory and monitoring taskand tle end date was chosen as the date when it was confirmed
that, of the nests that were being monitored, all accipiter juveniles had dispersed from the nest

stand. For list ofraptor species codes used throughbi# teport, see Table 1.

1. Nest Inventory

During the2008, 2009 and 201feld season, potential nas habitat was identiéd
manually using 1 m resolution National Aerial Imagery ProgrdélP) imageryand terrain
information (e.g., Digital ElevatioNModel (DEM) data) Nesting habitat was identified
gualitativelybased on canopy closure, slopksvation, dominant cover typand treestem
density. The validity of using this method to identify potential nesting hatéatconfirmed in
2008 and 2009Qualitative methods used to assess how well this technique identified suitable
acdpiter nesting habitawvere completed in 2009In addition, canopy closure, slope, elevation,
dominant cover type, and tree stem densityafmipiternestg(n = 24)tha were locatedby an
independent thirgbarty contractorywerecomparedjualitatively toknownaccipiternestgn =
41)to verify that thetopographic and nest stamdormation used to identify potentiaesting
habitat was reliable. This exercise wa®alempleted in 2009.

In survey polygonswyhere tree density and canopy cover varied, and where discrete
stands that exhibited higher tree density and canopy cover could be visually delineated, call
playback stations were plotted in the interior ofsehetandsn an effortto increase the
observerds probabil it yhrowogh defkresivedbehbvionofjanacmit o c c u pi ¢

locate unoccupied nestsy focusingthe surveyorattention orsuitable nesting habitat.

2. Nest Monitoring
Monitoring tasks included visiting known nest areas and assessing the breeding season

status of known nests that occurred in these areas using established procedures. Known nest



structures were relocated using a Garmin GPS76CSx unit. Todelgateto each ndsthe

UTM coordinates for each nest was uploaded into the GPS unit using the DNR Garmin version

5.4.1 software. Once at the nest, to help alleviate any discrepancies between the Nest ID

number, UTM coordinates and the actual physical location of theanphibto was taken of the

GPS screen where both the nest ID number and UTM coordinates were displayed. Next, a photo

of the nest tree andest were takefollowed by a closeup photo of the nesgnd a representative

photo of the nest stand (Figu2g Each series of photos were grouped by the Nest ID number

and stored in separate folders using the Nest ID number as the folder name. In some cases, the

datum was not recorded for a known nest or was unknown. For these nests, a procedure was

developed thaincluded converting UTM coordinates from NAD27 to NAD 83 or vice versa

while in the field using the Garmin GPS76CSx unit. For a detailed description of this process,

seeSmithers (2009)Information collected regarding raptor detections while condgapring

presence/ absence surveys wamlRapwrcDetectoaBataon t he

F or mo ,ngomgmonitoring information collected throughout the breeding season was

recorded on the fAWRFGmthes2006Moni t oring For mo (
In addtion to onrgoing efforts to monitor nests, video monitoring systems were used to

record behavioral i nformation and document f oc

nests in 2009 and 2010, respectively. Information pertaining to nest successgftadigs and

dispersal dates were included in this document because of their relevance; however, information

pertaining to possible changes in parental behavior and prey utilization will be analyzed

separately and will be included in a separate documentimpg final analysis of these data.

Determining nest status:

Evidence which would suggest a nest had been used during the 2010 breeding season
included whitewash under the nest tree or at the roost site, prey remains in the nest stand, down
present orthe perimeter of the nest, castings under the nest tree, or fresh nesting material on the
nest (Smithers 2009). The condition of individual nests was used as a general guide to assess the
status of the nest prior to incubation. Occupied nests mostlatéfresh material (e.g.,
branches) and tended to appear less compressed or compacted than unoccupied nests.
Unoccupied nests tended to have a flattened or compressed appearance , presumably from the

effects of snow compacting the nest material duringptlegious winter (Smithers 2009).



Smithers (2009) also reported thak®09at 14 Co o p e,regasdlessafihie numees t s
of young present in the nest during the brooding, nestling or fledgling phase, because of the
amount of residual whitewash thaas present under occupied nests, the breeding season status
of the nest (i.e., AOccupiedo or fAUnoccupi edo)
2009, and this pattern was also confirmed during the 2010 breeding season.

For spring surveys and kaagese of limitations in both time and funding for thigject, it
was decided thamphasis would be placed on documenting whether or not a nest structure was
occupiedyather tharevaluating whether the nesting territory was occupied. As such, an
Aocewdpi nest structure was defined as a nest wl
incubating eggs, as suggested by the adult being in an incubating posture, or by direct
observation of eggs in the nest widhndadte wasul t
defined as a nest that produced at least one fledgling. Nests that were determined to be occupied
during the spring surveys, and where follag surveys indicated that the nest had failed for
either known or unknown causes, was classifiediagaa i | e Eobourmperposes, we define a
fledgling as young of the year capable of flying either short distances or capable of sustained
flight to and from the nest structure or within the nest area aneflpdgting area (PFA) prior to
dispersal fom the PFA.

End-of-Season nest status verification:

All accipiter nessthat were identified as being occupied during the 2010 spring nest
monitoring surveys were visited throughout the breeding season to assess nest status. The
primary objective bthe endof-season (EOS) surveys was to determine ifgthat were
identified as being occupied during the spring surveys successfully produced young. It was
determined that mid June would be an appropriate date to assess nest success for tilwse nests
remained occupied throughout the breeding season in 2009 and 2010. The 26&8eawbn
nest status verificatiomvolveda two month period which started on 15 June and ended on
20Augustwhereall known nest areas that were identified as beiraggpied during the spring
surveys were visited to access nest success. For those nest areas that remained occupied
throughout the breeding season, information pertaining to fledging rates, and fledging and
dispersal dates were recorded for each succassétil The nest status verification start date was
chosen to ensure that dispersal of LEOW, RTHA, CORA, and GOEA was also represented,



where appropriate. The juveniles of these species typically disperse from the nest stand before
juvenileaccipitess. A minimum of 2 visits to known active nest structures was required to
assess the overall success of each occupied nest area.

3. GIS Analysis

Density analysis

Density grids were generated using the Spatial Analyst extension in Argiegion
9.31). The kernel density tool was used to generate density grids for producing well density
(PWD), road densityRDD), and nest densitfy.e., nest density using all neddDEN, nest
density using only active nes&DEN, and nest density using only inactivest&lDEN).
Output grid cell values were set to units per square, thikesearch radiusas set at 1,609.34#,

and thegrid cell size was set at 30.

Distance analyses

For the 2010 distance analysess i ng t he fAnear o t ool in the
ArcToolbox (ArcGIS version 9.3.1), foulistance measures (e.g., distance from each nedst to t
nearest producing welDPW), distance from each nest hetnearest linear featurBRD),
which includedpipelineand road corridors, and fence lindsstane between each nestd the
closest neighboringest DBN), and distance from each nest to the nearest edge of disturbance
for well pads DED), which included both producingd historic well pad locationsvere
identified, and units are reported in meters

In addition to calculating distance froamnest tdhe features listed above, we also
summarized the number of nests found within specified distance categories. Distance categories
werepartitioned into 100 m bands, artetfollowing distance categoriggere used: 0 to 100,

100 to 200, 200 to 300, 300 to 400, 400 to 500, Because thiprgect was not designed to
assessgest siteselectionn closeversus distanproximity to roads and producing welnd
because the data used for this analysis wellected using posteriorimethodswe standardize
the number of nests found within each distance category by number of nests per ectare.

such, in addition to providing an absolute number for the number ofneestsledwithin each
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distance categy, we alsgorovidean estimate for nest density, and units are reported in nests per

hectare.

4. Data Management
All nest data was entered inleei | nvent or yo dataset which in
Excel spreadsheel his dataset includes all refent information that has been collected for
specific nesstructuress part of the WRFO Raptor Inventory and Monitoring Ritdjleat was
initiated in 2008, and was designed to track nest occupancy, phenological information, changes
in species that occuygiven nest structure within a given year, and changes in species that
occupy a nest among yearBhis datasetepresents the most reliable location and phenological

information available, and this dataset was used for all thgsemincluded in thidocument.

5. Statistical Analysis

Sampling units for this project consisted of nests, asiswere opportunistically
selected from a sample of all known occupied nests based on accessihility; nests used in
this study were not randomly selecfedm the population of nests within the study aré4.
statistical tests were completed using the R statistical software pa&&pyélopment Core
Team 2005 An alpha of 0.05 was used for all statistical tests (unless noted otherwise), and
results ae reported as the mean + SEor a list and brief description of predictor (i.e.,

independent) and response (i.e., dependent) variables used in the analyses, see Tables 3 and 4.

Data exploration

Data exploration began with examinirigetfrequency distribution for each variable to
visually assess whether or not the data was distributed normally. After visual inspection of the
frequency distributions, it was apparent that most of the data were positively skewed to the right
of the media. | used the Shapife/ilk test procedure to statistically examine which variables
did notfollow a normal distribution, and the variance of each response variable was tested using
Levenebs test (Zar 1999).
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Data transformatian

Because the data wenet distributed normally, and because of my intent to use both
parametric and neparametric test procedures to examine differences among independent
variables, the response variables were transformed prior to the analygdollowing

transformationsvere usedLogio, square root, cube root, fourth root and Boox (Table 2)

The first step included plotting each transformed variable using the R Commander interface. |

thenapplied the ShapirVilk test proceduréo each variabléo determine whatamsformation
produced the largegtvalue for the ShapirdVilk test statisticW. The resultant transformed

response variables were used for all subsequent anéiygase 3)

Box-Cox transformation
Using Ecological Methodolog§.1 (Exeter SoftwareSetauket, NY, USAand
procedures described in Krebs (1999)séd the BoxCox transformatioriBox and Cox1964) to

transform response variables RDD, DPW and DRD. The following equation was used to

transformeach variable

Xi= (when/ ,0)

The BoxCox transformatioruses the lodikelihood function ) to determine the value

ofee that mbyimakzesl ati ng val ues (Boxfand€oxl864)ng an i
Ecological Methodolgy6.1 (Exeter Software, Setauket, NY, US#Was used to calculate the
value ofey L, and the 95% confidence interval for o f
log-liklihood function wasused o cal cul ate values of: & that ma»
n n..
L= —log, s> (¢ 1}—@ (log,X)
2 n
where:
L = Value of loglikelihood
v = Number of degrees @ifeedom (- 1)
2
St = Variance of transformed values
& = Provisional esti mate of power transfor

12



X = Original data values

Correlation analysis

Using the transformed data, Spearman correlation coeffecamd graphs of the variable
correlation clusters and correlation matrix were generated tiseRattleGraphical User
Interface (GUI) in R

Oneway ANOVA
Using the R Command& Ul in R, | examined differences among response variable

means forallness and t he predictor variabl ActivBOT ATUS _1C
a n dnacfived ) uameway, single factor Analysis of Variance (ANOVAgst procedure

(Zarr 1999) Moreover, | examined differences among response variable means and the

predct or variable END_10, which included 2 | evel
way, single factor ANOVA. Finallyl examined differences among response variable means and

the predictor variable SPP_10, whiiegmonencl uded
way, single factor ANOVA.

Two-way Factorial ANOVA

Using the R Command& Ul in R, | used a tweway factorial ANOVA to examine
statisticalmultiplicative interactions between factor NF_1€.¢., number of fledglings produced
per nest which casisted of levels: 1,2,3,4,5) and factor SPP_#qlevels: COHA and
LEOW) (Zarr 1999) Moreover, | used a twavay factorial ANOVA to examine statistical
multiplicativeinteractions between factor END_1iG2(, whether the nest successfully produced
young or whether the nest failed and consistingof| evel s: ASUCCESSFULO an
and factor SPP_1awo levels: COHA and LEOW) A factorial design was selectéd try and
reduce the unexplained (or residual) variation inrésponse variable, ano examine possible
interactions between factors, i.e., whether the effect of a particular factor on the response

variable is dependent on another factor (Quinn and Keough 2002).
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Goodnessf-fit Tests for Association

| used a goodness-fit (e.g., Chisquare test) to examine differences in both the number
of nests recorded within specific distance categories from each response variable and the number
of young produced. The cisguare valuecf) degrees of freedondf), and the value gf were
calculated using an interactive gguare calculation tool thatas developed by Preacher (2001)

andis available odine athttp://www.people.ku.edu/~preacher/chisg/chisq.htm

RESULTS

Nest Monitoring

A total 0of 183 known nesting territories were visited during thd.@@eld season. Of
these nest area®8% (n = 162)were classified as beirgccupiedduring the spring surveys, and
11% (n = 21) of the known nest areas were confirmed as bemagcupiedduring the 220
breeding seasorOf the occupied nest areas where the outcome of the nesting attempt was
recorded (e.g., failed or successful)H124 nests), we reported a success cd88% (= 109
successful nests), and a nest failure rate of 12815 failed nests). The outcome of 38 nesting
attempts i = 38 nests or 23% of all occupied nests) was not recorded. Fledging rate information
was collected at all nests that succekgfiledged youngrf = 109). These nests produced a total
of 310 fledglings K = 2.13, £ 0.32 fledglings produced per successful nest).

We found thanestproductivitywass i mi | ar among Co cearedodls hawk
in our studyarea. When considering onlguccessfuC o o p e r 6rs=49) mestkof 2
possible occupied nestse found thatCo o p e r 6 woduted wrkaveradg®(x 0.14fledglings)
per breeding paifTable 5) When considering only successful Leagred owl nests(= 43) of
59 possible occupiedestslLong-eared owproduced on averag(+ 0.19fledglings) per
breeding pair. We documented a nest failure raBldfef or Co o p @ Bdailed a wk (
nests) an@7 % for Longeared owkn = 16 failed nestsjluring the 2010 breeding season

A total of 46 nests representing 33% of all nests visited in 2089139) were visited in
2010. Moreover,tirty-four (57%) of the 200%eststhat were active in 2009 & 60) were
visited in 2010.We noted that nesetoccupancy during the 2010 breeding season was high,
with 88% (n = 30) of nest that were occupied in 2009 also beirazcapiedn 201Q Eight

percentn = 3) of the nests that were active in 2009 were determined to be inactive in 2010.
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Twelve of the nsts that failed in 2009 were visitén 2010, and of these nests, 6716 (8)

successfully produced young during the 2010 breeding season.

Correlation analysis

Correlation analysis for all species:

When consideringlata for all nests and all specitdsre were no unexplained or
unanticipated statistically significant correlations between the response variable combinations
(Figures 4 and 7, Table.6

Statistically significantcorrdations thatcould beexplaired fairly easilyincluded the
relation$ip between distance between néBtBN) and nest densitfNDEN). As predicted, as
nest density increased, the distance between nests decmeas@d®). Moreover, as distance
from a nest to the nearest edge of disturbdB&D) increasedthe distane to a producing well
(DPW) alsoincreasedrs = 0.61). This correlation provides support four assumption that most
disturbance features in the project area, exclulitvggr pipeline corridorsre natural gas well
pads.

Correlations that were uneggted, though not statistically significant, included the
relationship between percent slqi$t.P)and distance to the nearest edge of disturb@DE®).

As slope increased, the distance from a nest to the nearest edge of disturbance also ncreased
=0.22.

In addition, we also identified a weak correlation between producing well density (PWD)
and distance to the nearest edge of disturbance (DEBD(27). Nests that occurred in areas
where producingvell density was high werfarther away frondisturbance features (e.g., natural
gas well pads), which was also contrary to what was expected.

There also appeared to be a weak correlation between the distance from a nest to the
nearest natural gas producing well (DPW) and distance fromt aonbe next adjacent nest
(DBN) (rs=0.28. As distance between nests increased, the distance from a nest to the nearest
producing wellalso increased (i.e., nests that were located in areas where nest density was high

also tended to be closer to prathg wells).
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Correlation analysis for occupied and unoccupiests:

When considering only active nests for correlation analyses, there were no unexplained

or unanticipated statistically significant correlations between the responabl@aombinabns
(Figures 5 and 8, Table.7

Similar to the correlation betweelistance between nesBEN) andnest density
(NDEN) when all nests were included in correlation anadysariablesDBN and ADEN (active
nest densityyere statistically correlatedsE 0.60 when only data for active nests were used for
correlation analysedn addition, distance from nests to the nearest edge of disturbance (DED)
and distance from nests to the nearest producing(l¥BNV) were also correlatedy= 0.58).

When cansidering only data for inactive nests for correlation analyses, similar to results
generated for fAall nestso and for fAactive
response variabl@=igures 5 and 9, Table.7\Variables DPWdistance to @roducing welland
DED (distance to the nearest edge of disturbanezg statistically correlatgds = 0.83).

Moreover, variable®WD (producing well densifyandDED (distance to the nearest edge of
disturbancejrs = 0.68), and PWD and DPW were alsorrelatedis = 0.71).

Correlation anal aweliogedreadiowl Cooper 6 s hawk

Similar to the correlation between DBMNistance between nests)d NDEN(nest
density)when all nests were included in correlation analyses, variables DBN and ADEM (act
nest density) and DBN and NDEN were statistically correlatge @.72, 0.81, respectively)
when only data for COHA nests were used for correlation analifggpsres 6 and 10, Table.8)
Moreover, distance from nests to the nearest edge of disturl{@xi®) and distance from nests
to the nearest producing well (DPW) were also correlatse @ 48).

Unexpected was the correlation between slope (SLP) and active nest density (ADEN)
when using only data for activeo o p e r @nests.hAs sldpe increaseaxttive nest density
alsoincreased{= 0. 46) . Cooperds hawk nests that
was high also tended of have higher slope values.

Similar to the correlation between DBN and NDEN when all nests were included in
correlation analyses, variables DBN and NDEN were statistically correlafed@41) when

only data forLong-eared owhests were used for correlation analy@égures 6 and 11, Table
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8). Moreover, distance from nests to the nearest edge of disturba&&® @nd distance from
nests to the nearest producing well (DPW) were also correlated 63).

Unexpected was the correlation betweeawvadion (ELEV) and active nest density
(ADEN) when using only data for activ®ng-eared owhests. As elevation aneased, active
nest density also increased< 0.52). Longeared owl nests that occurred at higher elevations

were located closer together.

One-way ANOVA
We found thathere was no statistical difference amauafjve(n = 162)and inactive
nestyn = 21) whencomparingtheir proximity to linear features (DR = 3.51,p = 0.06
Table 9. On average, active nests were 225#74.28m) and inative nests were 302.96 (
50.40m) from a linear featur€Table 1(). Moreover, when comparing respengariable means
among failedn = 15)and successful neqis= 109) we foundno statistical difference among
nest success (e.g., failed or successful) and producing well d@nsit$.67,p = 0.06 Table 1).
On average, successful nests were locete@deas where mean producing well density equaled
2.97 & 0.45wells/mP), and failed nests were located in areas where mean producing well
density equaled 1.0 0.29wells/m?) (Table 13. When comparing response variable means
among act i avk € 620 gne Lrorgsarechowl it = 59) nests, we found thabng-
eared owhests were generally located in areas where overall nest density wab higt2@ p
=0.005 when comparedt@ o0 0 p e r qHgurh B2wilable 13)Mean nest density &iong-
eaed owlnestsiteswas 3.46 £ 0.20)nests/mf, while mean nest density@to o p e r énest h a wk
siteswas 2.69 £ 0.16nests/mf) (Table 14) We did find that Loneeared owl nesteended to be
located closer to othereighboringnests when comparedto Coopé s hawk nest s, whi
often were located at farther distances from neighboring rest9(99 p = 0.002 (Figure 12,
Table 13) Mean distance frorhong-eared owhestgn = 59) to neighboring nests was 362.63
(x 70.25m), while mean distance fro@o o p e r 0 reestdna &2kto neighboring nests was
1,129(+ 435.97m) (Table 14)
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Two-way Factorial ANOVA

Two-way factorial ANOVA results showed that the number of young that successfully
fledged at nests close to linear featutesnot varyamangC o o p e r GasdLdmgearkd owl
successful nest§ (= 2.37, p = 0.06 Figurel3).

There appeared to be no statistical difference between the number of young produced at
occupied Longeared owhndC o0 o p e r dnssts n areals where nest density high (F =
3.79 p=0.06) However, we did observe a statistical difference in response variable means
among successful and failed nests and distance to neighboring nests {(PBBI)B3,p = 0.003)
(Figure 14. Nests that successfully fledged young tethtlo be closetio otherneighboring
nests

Though not statistically significan§ o0 o p e r dendedhta beknore productive in areas
where produaing well density was low (i.emore fledglings were produced in areas where
producing well density was¥g); however, there were more successful nests in areas where
producing well density was high versus areas where producing well density was low; fledging
rates were simply lower in these aredoreover, actorial ANOVA results showed that there
was interation between SPP_10 and NF_10 for analyses using producing well density as the

response variabld=(= 2.85,p = 0.03).

Productivity results and distance measures
Because of inadequate sample sdistance analysegsults presented in this section
were | imited to Coop eqa@dsowl{lE@W). MoteOdrAbecasenad L on g
their relevance to oil and gas operations that occur in the project area, distance to producing
wells (DPW) distance to roads (DRDand distance to the nearest edgdisturbance (DED)
were chosen as the variables that would be reported here. If necdssaeader can refer to
Tablel4 for disturbanceelated results for all raptor species and all variables that were included

in the analysis.

Distance from a pragting well(DPW) for all species

In our project area we found that nests were most numerithis adistance bandf 400
to 500 m from a producing well'able 15) Successful nests within this categany(12)
produced 11%n= 35) of all young produexd (1 = 310) during the 2010 breeding season. On

18



average, 2.9+ 0.29fledgling9 were produced per nest within this distanategory from a
producing well. We did observa patterrin which both the number of successful nestorded
(c?=10.7,df= 4, p = 0.03)and the number of fledglingsoduced increased as distance from
the nest to a producing well increaged= 30.2 df = 4,p < 0.0001 Table 15 within 500 m of a
producing well We found that 28% of all successful nests #wte within the 0 to 500 &
30) distance categories from a producing well produced 20900) of all young that were

produced during the 2010 breeding season.

Distance from travel corridor (DRD) fall species

We found that nests that succedigfproduced young were generally located closer to
roads when compared to the proximity of a nest to a producingamellboth number of nests
(c*=18.2 df= 4,p = 0.001), and the number of young produced within each distance category
decreased at farther distances from a rodd 62.8,df = 4,p = 0.00M1) (Table 16 within 500
m of a road We found that both the maximum numloénestgn = 31, 9.9 nests per hahd
maxi mum number of young produced occurred witdt
Within this distance category we recorded 31 nests which represented 29% of all successful nests
(n=108), producing 95 young (31%Pn aveage, 3.06 (+ 0.21 fledglings) were produced per

nest within this distance category.

Distance from the nearest edge of disturbance (DED3If@pecies

Both the maximum number of negts= 17,1.8 nests per hagnd maximum number of
young produceger distance category were found witBi@0 to 400 m from the nearest edge of
disturbance (DED) (Table 1.7)This distance category produced 46 yo(mg 17 nests)with a
mean number of young produced per nest equal to 2.7243. 0lt should also beated that the
frequency distribution of young produced within distance categories 0 T@X080), 100 TO
200(n = 35), 200 TO 300 f = 45), and 300 TO 40GE 46) were equitably distributdd? =
2.0,df= 3,p = 0.60) with a mean value equal to 39 (x 3.90 young produced per distance
category)XTable 17) Moreover, the frequency distributidar thenumber of nests within each
distance category from the nearest edge of disturbance (DED9quéably distributed from O
to 400 m from the nearest edge of disturbasée(4.7,df = 3,p = 0.20), and we did not observe

any statistical pattern that would suggest ether the number ofanélsesnumber of young
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produced within each distance catsgat nests that were located close to a disturbance feature

versus those nests that were located at greater distances from a disturbance feature.

Distance from a producing wéDPW)forC o 0 p e r dasdLdm@gearkd owl
After calculatingthedistancef r o m e a c h Cresitipaesucgessfulydledded

young £ = 49) to the nearest producing well, we found thath the maximum number of nests

(n=7,0.15nests per Heand maximum number of yourfg = 23) produced per distance
category were foundwihi n t he fA400 TO (%a0l®1B) Tde nsetnanonmtber c at e g
of Cooper6s hawk young istancedategoeydvasB&90.2% e st wi t hi
young. Moreover, we foundthat35% € 17) of al l Cooperd6s hawk n
successfull fledged young were within 500 m from a producing wélhese nests produced
37%(n=54)ofallCo o p e r dysunghthatil&dgedn(= 147) during the 2010 breeding season
in our study areaAs noted above, we did observe a general trend that suggesisptCe r 6 s h a wk
productivity was higher at nedtsat were locatethrther from a producing we{l.e., within the
400 TO 500 distance categomyhen compared to nedfsat were locatedloserto a producing
well (Table 1§. When examining the frequency dist but i on of Cooper6s haw
within distance categories 0 TO 100X 4), 100 TO 200r(= 3), 200 TO 300(=11), 300 TO
400 (= 13), and 400 TO 50 23), inspectiomf these data show that they were not
equitably distributedc? = 24.1, df = 4, p < 0.0001), with a mean equal to 10(& 3.60young
produced per distance categofyable 18) We also found that the frequency of young
produced per distance categoryaredawnesssf=among Cc
14.4,df=3,p=0.002)(Table 18) We documented only one successf
within 100 m of a producing well; howevéehjs nest produced 4 young.

After calculating the distance from each Leegred owl nest that successfully fledged
young £ = 42) to the nearest producing welle found that the maximum number of nests (
6,0.07nestsperlfa wer e found within the A600 TO 7000 d
number of young produced € 20) were found within the 900 TO 1000 distanage®@ry. The
mean number of Lorgared owls produced per nest within this distance category was 4 young
(£ 0.71). We also found thawéenty-six percent(n = 11) of all successful nests occurred within
500 mfrom a producing well. These nests produ2s% (n = 32)of all Long-eared owlyoung

thatsurvived tofledge(n = 126) during the 2010 breeding season in our study adsdike
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Cooperds hawk, bot h t hod=7n76,dhbRpE=005)angtewnumiper pr o d u

of nests within each distance category varied at nests farther away from a producing well when
compared to nests that were closer to a producing e/l 2.5,df = 3,p = 0.48). We did not

document any succsfsll Long-eared owl nests within 100 m of a producing well.

Distance from linear featurPRD)forCo op er 6 s h aearkdoalnd L ong

After calculating the distance from each Cc¢
young @ = 49) to the nearestad, we found that both the maximum number of nestsX5, 1.6
nests per Haand maximum number of young £ 46) produced per distance category were
found within the fA10(QTableQ9)2 0 0rdch ed insetaann cneu nthaetr e goof r
hawk young prodced per nest within this distance category was 3.07 (x 0.21 young). We also
recorded 13 successful Cooperds nests occurrirt
44 young with a mean value equal to 3.3®(24) young produced per nest. We almanid that
the frequency of nes{s®= 24.9,df = 6, p < 0.001)and the number of young produced within
each distance category decreased within 700 m of a(c6ad84.23,df = 6, p < 0.000).

We observed similar results when examining distance from successfulelaned owl
nests totie nearest road. Of all successful Leaged owl nests that we recorded-(42), we
found that the maximum number of nestre found in both the 0 TO 1@ = 12, 3.82 nests
per ha)and the 100 to 20(h = 12, 1.27 nests per hdistance categorig3 able 19) We also
recorded thenaximum number of youngnE 42) produced per distance category were found
within the A100 TO 2000 di sltoagrearses owdyaunge gor vy . Tl
produced per nest within this distance category wa®(3.0.38 young). As noted above, we
recordedl2 successfuLong-eared owl nestwithin 100 m of a road. These nests produzed
young with a mean value equal2et2(+ 1.16 young produced pernessi mi | ar t o Coop¢
hawk, we found that the number of younggwoed within 500 m of a road generally decreased
at farther distances from a roaxf € 25.8,df = 4, p < 0.000) (Table 19) However, the
frequency of nests within each distance category within 500 m of a road appeared to be equitably
distributed ¢2= 8,df=4,p=0.09). We also found that the frequency of nests 4.9,df=
6, p < 0.001) and the number of young produced within each distance category decreased within

700 m of a roado? = 84.23,df= 6,p < 0.0000).
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Distance fronedge of disturband®ED)forCooper 6 s h aearkdoalnd L ong

After calculating the distander om each Cooper ds hawk nest t|
young £ = 49) to the nearest edge of disturbance (DED), we found that both the maximum
number of nesty(= 12, 0.38nests per Heand maximum number of young € 34) produced
per distance categooyer e f ound within the ANTABO20)TTOe 4000 di
mean number of Cooperod6és hawk young produced pc¢
(N 0.94 young). We al so recorded 5 successful
natual gas well pad. These nests produtégoung with a mean value equal2d0(+ 1.30
young produced pernestVhen exami ning the frequency distri
produced within distance categories 0 TO 196 (L4, 4.50nests per Ha100 TO 200 = 13
1.38nests per Ha200 TO 3001 = 26, 1.38nests per Haand 300 TO 40Mn(= 34, 1.08nests
per ha, inspection of these data show that they were not equitably distrifmfted 4.01,df = 3,
p = 0.003),with a mean equal to 21.75 (+ 5.04 young produced per distance cat@oinkg
20).

After calculating the distance from each Lesayed owl nest that successfully fledged
young £ = 42) to the nearest edge of diktance (DED), we found that both the maximum
number of nest(= 6, 0.09nests per Haand maximum number of young £ 19) produced per
di stance category were found wiable20nThérmean A 500
number of Longeared owlyoung produced per nest within this distance category was 3.17 (+
0.60 young). We recorded 5 successful L-eaged owl nests occurring within 100 m of a
natural gas well pad. These nests produced 16 young with a mean value equal to 3.20 (£ 0.84)
young poduced per nest. It shouldalsobendtéddat , unl i k ehe@eguwepcgr 6 s ha wl
distribution of young produced within distance categories 0 TO 16016, 5.10nests per ha
100 TO 2001 = 16, 1.70nests per Ha200 TO 3001 = 13 0.69nests per Haand 300 TO 400
(n=9,0.29nests per Ha400 TO 5001 = 14, 0.30nests per Haand 500 TO 600n(= 19, 0.29
nests per Hawereequitably distributedc?= 3.97,df = 5,p > 0.05 with a mean value equal to
14.5 (+ 1.38 youngneduced per distance category).
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DISCUSSION

Raptor productivity and nest success appeared to be high during the 2010 breeding
season in our study ared.total of 184 knowmesting territories were visited during the 2010
field season. Of these nest areas, 88% 162) were classified as beingcupiedduring the
spring surveys, and 11% € 21) of the known nest areas were confirmed as henogcupied
during the 2010 breding seasonOf the nest areas that were classifiedesupiedn 2010, 67%
(n=109) of these nest areas suctdisfledged young, producing total of 310 fledglingsX =
2.13+ 0.32 fledglings produced psuccessful nest peresgpes). We reported a nest failure rate
of 9% (= 15) during the 2010 breeding season. We also noted that nesting-aceapancy
during the 2010 breeding season was high, with 88%30) of these nest areas that were
occupied in 2009 also being-oecupied in 2010.
We found that nest productivity-emadowlsi mi | ar
in our study area. When conaiE4Penestsiofig2 onl y s u c c
possi bl e occupied nests, we avemgerBdtOtlhfladglings)o o p er ¢
per breeding pair. When considering only successful teargd owl nest(= 43) of 59
possible occupied nests, Loegred owl produced on average 3 (£ 0.19 fledglings) per breeding
pair. We documented a nest failureraté 21 % f or Q@o b3fadad aests) hral @7Ro  (
for Long-eared owl 1§ = 16 failed nests).
High prey densitieand mild weather were most likekgy proximatefactors affecting
nesting productivity and nest success during the 2010 bresdaspnn our study areaWithin
the project aredhe lorado Division of Wildlife (CDOW)and BLM conducted small mammal
inventory projects designed to document small mammadiies(Neubaumand Belmonte,
personal communication)l' hese projects founithat small mammal densities were higlith
density valuegn the project area rangirfgom 36to 54 (h = 6 sampling locationsX = 47+ 2.97
individualsper hectare Smallmammaldiversity was relatively low, witldeer mousén = 588
andleast chipmunKn = 96) serving as the dominaspecies capturedrhe results of both
projects most likely apply mordirectlyto Longe ar ed o wl rat her than Coop
sampling techniques resulted in the capture and identification ofesrpaty that are typically

more active at night.
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An additional piece of behavioral information collected through video monitoring of
occupi ed Coop that previdds aneddotah evidence for high prey abundance in the
study area includesthecfa t hat adult Cooper 06s moratwieinthe mal es
nest stand and more tinaéthe nest tending to nestlingén Arizona,DeweyandKennedy
(2001) also reported more time spent in the nest stand by adult female goshawks at nests that
were supplemented with additional food. We also consistently docunextedgprey(i.e.,
unconsumed prey left alerfor extended periods of timejther on the rim of the nest or under
the nest at 8 (%) of all occupiednests monitored in 2010. Lastihere were no confirmed
cases omammalian (e.ghobcaj depredation at any active nests in 2010, presumably because
bobcatweremost likelypreyingon more abunddmnd more available alternative prey
Food habits of Coo pegingsasoh laavelbasen well documgnted he br
(Bielefeldt and Rosenfield 1992, Kennedy 1980, Kennedy and Johnson 1986, Kennedy et al.
1991, Reynolds and Meslow 1984, Snyder and Sn)
diverse and vary geographically butganeral, the most common prey are +sizked birds and
mammals that forage primarily on the ground (Rosenfield and Bielefeldt 1993). Bielefeldt and
Rosenfield (1992) monitored prey deliveries by adults to nestlings at nests in forested areas and
at nestsn semiurban areas in Wisconsin and found that eastern chipmiiaksids striatus
were strongly the predominant mammalian items delivered to all nests. Moreover, they found
that prey that forage primarily or frequently on the ground accounted fowy radiaof the
ma mmal i an and avian prey items. Cooper 6s hawk
ground, and Reynolds and Mesl¢1984) found that chipmunks and brush rabbByl{ilagus
spp.) were the most common mammalian prey taken. In Northt®aReterson and Murphy
(1992) observed that the most frequently delivered prey were betwieé §. Thirteedined
ground squirrels§permophilus tridecemlineafusontributed most (23%) as a species to
biomass while mice were the most common (13.5%jnmalian prey items.
Within our study area, other than the confoungdeffects thaseasonal weather patterns
may have on prey abundantiee creation of natural gas exploration and extraction infrastructure
and the cumulative loss of piniganiper woodand and conversion to early seral, grass and
shrub dominated communities are presumed to be the dominant factors that may affect the
distribution of both prey and raptor species in or study a@zaation of theséeatures result in a

landscape that geradly exhibits increasedoodland, shrub, and nemoodlandpatch shape
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complexity, decreasedoodlandpatch size, an increase in the amount of edge between open
areas and woodlands, and an increase in patch density. With an increase in patch edge, and an
increase in the number aodfLongepredowraay etitze hoth€geo per 6 s
and open areas disproportionately to what is available to forage. The edge/clearing interface
presumably may provide Cooper 0atchhhatiwdvianraodr e o0 p p ¢
mammalian prey. In central Sweden, Kenward (1982) found that 4 radio tagged male Finnish
goshawks spent 50% of their time foraging within 200 m of the edge/clearing interface.
Moreover, most of the recorded kills were made in woatllaithin 200 m of a clearing.
Kenward (1982) also noted that range size was related to the proportion of range that was
woodl and edge, and to prey availability. Bece
more opportunities to catch and kill aviamdamammalian prey in the edge/clearing interface,
they may also be spending a disproportionate amount of time foraging in open areas and along
the edge/clearing interface securing prey items.

Though the results apeliminary, results from the 2009 aB610 video monitoring
project suggestth&@ o o p e r &eay hdadalyvdn small mammals to provision their young
during the breeding seas{®mithers 2010) Moreover,as mentioned abovthe degree to which
the project area has been impacted by natusakgploration and extraction and the removal of
cumulatively large areas of Piniganiper woodlands, replaced by early seral species of grasses
andshrubs and the preponderance of small mammals in the diet (e.g.,dysouiirrels and
chipmunk$ that aremore abundardnd accessible open areas and along forest edgeay
explainwhyC o o p e r Gare folaging knore heavily on these speciesour study area,
O6Meara et al . (1981) found that small ma mma |
disturbedas a result of chaingy) however, they also noted that species diversity was lower in
treatal areas versus untreated are@d.and gas activities in the project area may provide
similar disturbance features that help increase small mammal abundanoé pezaj though
decrease overall small mammal diversity as a result of mechanically removing -jumyoer
woodlands.

When examining possible correlations between response variabegacted was the
correlation between elevation (ELEV) and actiestndensity (ADEN) when using only data for
active Longeared owl nests. As elevation increased, active nest density also increased (

0.52). Longeared owl nests that occurred at higher elevations were located closer toQataer.
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plausible explan&n might be that food resources may be more abundant and available at higher
elevations, which in this case would be Pinjoniper communitiesit 6,800 feet in elevation

This explanation couldlsobe used to explaindng-eared owls nesting in cloggoximity to

other active nestisecause there is less competitfonfood resources, and possibly less effects
from territoriality. Yet another explanation might be that because, as a group;dasad owl

nests found in the Magnolia area exhibit both kighest densitiesnd occur at higher elevations
when compared to other occupieong-eared owhests in thestudy area. Yet another possible
explanation could rely on the fact that nests that were found at higher elevations also tended to
occur in areawhere the influence of steep topography and sheltering of nests from neighboring
occupiednests resulted in more nests per unit area. If this hypothesis is true, highey nest
densitiesvould be recorded in areas where topography is more course, ageadasa higher
degree of steep slopes per unit area.

When comparing response variable means among aotivd §2) and inactive nests €
21), we found that there was no statistical difference among active and inactive nests when
comparingtheir proxmity to linear features (DRD)H = 3.51,p = 0.06). On average, active
nests were 225.47 (£ 14.28 m) and inactive nests were 302.96 (+ 50.40 m)liinear &eature
Even though we didot find a statistical difference among active and inactive nestslestance
to linear featuresand even thougtve have no reason to believe that a difference of 78 m from
either active or inactive nests to a linear feature holgdanogical significance, & do feel that
linear features may serve as important feegwithin the landscape that provide additional
foraging opportunities for both Lorgar ed o wl and Coope-eatedowh a wk .
and Cooper 060s -thacksvdk clearkd areasagssociatadavith fence lines, pipeline
corridors and reclaimeabad shoulders may provide more foraging opportunities by creating an
area where both prey availability and prey abundance is higher versus areas within forested
woodlands.

There appeared to be no statistical difference between the number of youngegratiuc
occupiedLonge ar ed o wl and Cooperd6s hawk neBsx s 1in
3.79,p=0.06). However, we did observe a statistical difference in response variable means
among successful and failed nests and distance to neighborisdDB$t) (F = 9.33,p=
0.003) Nests that successfully fledged young tended to be closer to other neighboringmests.

addition, Longeared owl nests also tended to be located closer to other nests when compared to
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Cooper 6s hawk n e svereslocated atifacher distansets froomnfeighboring nests
(F=9.99,p=0.002). Mean distance froatcupiedLong-eared owl nesta(= 59) to

neighboring nests was 362.63 (x 70.25 m), while mean distanceofroupiedCo o per 6 s h a wk
nests (| = 62) to neighbring nests was 1,129 (+x 435.97 ns mentioned above, the fact that

occupied Longeared owl nests were located closer to neighboring nests possthlybe

explained by the fact that Lorgared owl tended to occupy nests in close proximity to alternate

nest structures, wh eknInadiitop, angeared bvd may bedgse r 6 s h a \
territorial than Coopero6s hawk during the br ece
readily availabl e. We did f i nd-eaBdavaoscemed wher e
the same nest stand. Il n these cases,-eatkd st ance

owl nest within a single nest stand ranged fizéiio 74 meters (mean §7.3+ 15.7). We also
noted that the mean distance between actveo( er 6 s h a-eaked @vhndsts lwasr2 16
(£ 24.9 m)n= 27 nest pairs, range = 26 to 515 ri).addition, we found there was considerable
overlap betweenLorg ar ed owl and Cooper s hawk with res
species, canopy closeiwithin the nest stand, and mean tree height within the nest stand.

Though not statistically significant, Coope
where producing well density was low (i.e., more fledglings were produced in areas where
producing well density was low); however, there were more successful nests in areas where
producing well density was high versus areas where producing well density was low; fledging
rates were simply lower in these areas. a\® observed a numerigadtiern in which both the
number of successful nests recorde®= 10.7,df = 4,p = 0.03) and the number of fledglings
produced increased as distance from the nest to a producing well incres@d(2,df = 4,p <
0.0002)), and this pattern extending from the nest out to 500 m from a producing well.

As noted &ove, we did obseera general trend that suggeSte oper 6 s hawk pr od
was higher at nests that were lochatarther from a producing well, and that the maximum
number of young fledged was found at nests that wéfren the 400to 500 m from a pragting
wel. After calculating the distance from each Co
young @ = 49) to the nearest producing well, we found that both the maximum number of nests
(n=7,0.15nests per Heand maximum number of young £ 23)produced per distance
category were found within the A400 TO 5000 di

hawk young produced per nest within this distance category was 3.29 (= 0.29 young).
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Assuming adequate funding is available for this praje011, the following topics will
be included in the project objectives for 2010: (1) the continuation of an assessment of possible
behavioral effects of oil and gas activities on prey delivery rates, prey diversity and prey
equitability, parental behawir , and productivity of Cooperds h
systems; (2) the development of a sampling scheme that allows for the assessment of detection
probability for selected speciemnd(3) the continuation of an assessment of possible cumulative
impacts to raptor productivity in areas where both producing well density and road density is
high.
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Tablel. The following tablancludesa lists p e ¢ i e ssgdthmuwghoetsis document.

Species Code
American kestrel AMKE
Bald eagle BAEA
Cooper's hawk COHA
Common raven CORA
Greathorned owl GHOW
Golden eagle GOEA
Longeared owl LEOW
Northern goshawk NOGH
Peregrine Falcon PEFA
Prairie falcon PRFA
Redtailed hawk RTHA
Sharpshinned hawk SSHA
Northern sawwhet owl SWOwW
Unknown species UNK
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Table2. The following table shows the type of transformation that was performed on each
variable. See Figur@for resultant frequency distribdon curves using the transformation
identified below. Data used in this project was collected throughout the stuehduring the
2010 breeding season in Piceance Basin, Colorado.

Variable Transformation Transformed Variable

Power trangfrmation using the fourth root of each observation (i.e.,

PWD X5 FOURTH_PWD

RDD Box-Cox transformation using a lambda of 0.687 BC_RDD

ELEVATION Log transformation using the Lagpf each observation and adding 1 LOG_ELEV

ASPECT Log transformation usinthe Log, of each observation and adding1 LOG_ASPECT

SLP Log transformation using the Lagf each observation and adding 1 LOG_SLP
Power transformation using the square root of each observation (i.

NEST DEN x*9 SQRT_NEST_DEN
Power transfrmation using the cube root of each observation (i.e.,

ACT DEN X% CUBE_ACT _DEN

IA_DEN Log transformation using the Lagf each observation and adding1 LOG_IA DEN

DIST_M Log transformation using the Lagf each observation and adding 1 LOG_DIST_M

DPW Box-Cox transformation using a lambda of 0.109 BC_DPW

DRD Box-Cox transformation using a lambda of 0.229 BC_DRD

SURF_DIST Log transformation using the Lagf each observation and adding 1 FOURTH_SURF_DIST

32



Table 3 The following table provides variable codes and variable descriptions fondepéndent (i.e., explanatory or prediyt

variables used in statistical analyses.

Variable Name

Description

SPP_10

STATUS_10

END_10
NF_10

RANK_PWD

RANK_RDD

RANK_DIST_NEST

RANK_DPW

RANK_DRD

RANK_SURF_D

Species documented using the nest during the 2010 breedsunse
The 2010 breeding season status of the nest (e.g., "ACTIVE", "INACTIVE",
"UNKNOWN")

The 2010 end status of the nest (e.g., "SUCCESSFUL", "FAILED", UNKNOWN")
The number of young that fledged from the nest during the BfEHtling season.

The density ranking grouped by number of nests with producing well density values r:
from0Oto 1, 1to 2, 2to 3, etc. producing wells per square mile

The density ranking grouped by number of nests with roadityevalues ranging from 0 tc
1, 1to 2, 2to 3, etc. miles of road per square mile.

The distance ranking grouped by number of nests within 0 to 100 m, 100 to 200 m, 2(
300 m, 300 to 400 m, etc. of another nest.

The dstance ranking grouped by number of nests within 0 to 100 m, 100 to 200 m, 2C
300 m, 300 to 400 m, etc. of the nearest producing well.

The distance ranking grouped by number of nests within 0 to 100 m, 100 to 200 m, 2(
300 m, 300 tel00 m, etc. of the nearest linear feature.

The distance ranking grouped by number of nests within 0 to 100 m, 100 to 200 m, 2(
300 m, 300 to 400 m, etc. to the nearest edge of disturbance for anthropogenic distu
features.
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Table 4 The following table provides variable codes and variable descriptions for the dependent (i.e., response) variables used in
statistical analyses.

Variable Name

Description

PWD_SQMI
RDD

NEST_DEN
ACT_DEN
INACT_DEN
ASPECT

SLP_PERC
ELEV

NEAR_DIST_NEST

NEAR_DPW

NEAR_DRD

NEAR_SURF D

Producing well density. Producing well density gridl alues were extracted to each ne
Road density. Road density grid cell values were extracted to each nest.

Nest density. Using all nests (i.e., Active, Inactive, Unknown), nest density values we
extracted to each nest.

Active nest density. Using only "Active" nests to create the nest density grid, density
cell values were extracted to each nest.

Inactive nest density. Using only "Inactive” nests to create the nest density grid, dens
grid cel values were extracted to each nest.

Gird cell values for apsect at each nest.

Grid cell values fopercentslope at each nest.

Grid cell values for elevation at each nest.

Distance between nests. Thiriable was created to examine patterns in clustering of
nests. The values represent the nearest distance to another nest and units were recc
meters.

Distance to the nearest producing well. This variable was created to examines pattern
proximity of nest to active (e.g., producing) natural gas wells. The values represent tl
distance (in meters) from the nest to the nearest surface hole location (represented a
point).

Distance to the nearest road. This variable wagsezt¢a examine patterns proximity of
nest to roads. The values represent the strirghtlistance (in meters) from the nest to t
nearest linear feature (represented as a line).

Distance to the nearest edge of disturbance. This vanasiereated to examine pattern:
proximity of nest to known anthropogenic disturbance featuers (e.g., natural gas well
The values represent the straijhe distance (in meters) from the nest to the nearest
disturbance feature (represented as gguoi).
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Table5. The following table provides a summary of nest success and productivity information
for selected raptor species in the project area. Data were collected during the 2010 breeding
season in northwest Colorado (Picance Basin, Rio Bl@atmty).

_ _ To'_[al % of No. Mean
Species Failed Successful Unknown Active Total Fledged NF/Successful
Nests 0 (NF) Nest
AMKE NA NA 2 2 1.23
BAEA NA 1 NA 1 0.62 1 1.00
COHA 8 49 5 62 38.27 147 3.00
CORA 1 2 7 10 6.17 7 3.50
GHOW NA 1 2 3 1.85 1 1.00
GOEA NA 1 NA 1 0.62 1 1.00
LEOW 6 43 10 59 36.42 126 2.93
NOGH NA 3 NA 3 1.85 7 2.33
PRFA NA 2 1 3 1.85 2 1.00
RTHA NA 6 10 16 9.88 15 2.50
SSHA NA 1 NA 1 0.62 3 3.00
SWOwW NA NA 1 1 0.62
Total 15 109 38 162 310
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Table 6. The following tablencludes Spearman correlation value$ for the variable

combinations when data for all nests were used for correlation analyses. Mghleghted in

bold exhibited a modest correlation. The following codes apply: @Spect), NDEN (nest

density), RDD (road density), DRD (distance to roads), ELEV(elevation), SLP (slope), DBN
(distance between nests), DPW (distance to a producing &lD), (distance to edge of
disturbance) PWD (producing well density). Values ranging from 0.00 to 0.19 represent no
correlation to very weak, 0.20 to 0.39 (weak correlation), 0.40 to 0.69 (modest correlation), 0.70
to 0.89 (strong correlation), and 0.901t60 (very strong correlation) (Fowler et al. 1998).

Variable ASP NDEN RDD DRD ELEV SLP DBN DPW DED PWD

ASP 1.0000
NDEN 0.0858 1.0000

RDD 0.0504 0.067-7 1.0000

DRD 0.0330 0.144;3 0.1026 1.0000

ELEV 0.1663 0.060-2 0.0354 0.064-1 1.0000

SLP 0.0036 0.117;1 0.0460 0.0678 0.130-7 1.0000

DBN 0.0382]. 0.723-5 0.0634 0.1452 0.020-7 0.1814 1.0000

DPW 0.098-7 0.335-2 0.1101 0.0015 0.0288 0.1283 0.2761 1.0000

DED 0.0836 0.214-7 0.020-8 0.0683 0.002-8 0.2172 01972 0.6094 1.0000

PWD 0.1998 0.1309 0.0126 0.0234 0.0617 0.0668 0.1189 0.2429 0.2703 1.0000
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Table7. The following tables includ8pearman correlation values)(for the variable

combinations when data for active (above) and inactieo() were used for correlation

analyses. Values highlighted in bold exhibited a modest to strong correlation. The following
codes apply: ASPaspect), NDEN (nest density), ADEN (active nest density), IDEN (inactive
nest density), RDD (road density), EYEelevation), SLP (slope), DBN (distance between

nests), DPW (distance to a producing well), DRD (distance to roads), DED (distance to edge of
disturbance) PWD (producing well density). Values ranging from 0.00 to 0.19 represent no
correlation to very wdg 0.20 to 0.39 (weak correlation), 0.40 to 0.69 (modest correlation), 0.70
to 0.89 (strong correlation), and 0.90 to 1.00 (very strong correlation) (Fowler et al. 1998).

Variable ASP SLP ADEN RDD ELEV DBN DPW  DRD DED PWD

ASP 1.0000
SLP 0.0118 1.0000

ADEN 0.0958 0.044-6 1.0000

RDD 0.0886 0.023-8 0.0094 1.0000

ELEV 0.2187 0.103-2 0.169-7 0.0393 1.0000

DBN 0.039-7 0.1179 0.599-0 0.0463 0.0845 1.0000

DPW 0.045-2 0.1495 0.253;3 0.1675 0.079_5 0.2653 1.0000

DRD 0.0201 0.0395 0.112;3 0.1919 0.058_2 0.1444 0.1090 1.0000

DED 0.092-3 0.1566 0.187;3 0.0635 0.051;1 0.1276 0.5792 0.014-6 1.0000

PWD 0.0995 0.0178 0.0352 0.0486 0.0710 0.0897 0.1160 0.1243 0.2281 1.0000

Variable IDEN SLP ASP DRD ELEV RDD DBN DED DPW PWD

IDEN 1.0000

SLP 0.393-4 1.0000

ASP 0.237;3 0.397-8 1.0000

DRD 0.1600 0.3361% 0.0022 1.0000

ELEV 0.0689 0.1429 0.151-6 0.265-9 1.0000

RDD 0.057;3 0.094-5 0.1780 0.0681 0.2615 1.0000

DBN 0.0178 0.2137 0.132-2 0.240-1 0.1123 0.1718 1.0000

DED 0.206-7 0.1165 0.186:8 0.134-1 0.0374 0.164_8 0.2291 1.0000

DPW 0.0556 0.173-6 0.050-5 0.2264 0.16021 0.0945 0.3282 0.8286 1.0000

PWD 0.3591 0.0659 0.0604 0.0055 0.0110 0.4011 0.5372 0.6758 0.7143 1.0000
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Table8. The following tables includ8pearman correlation values)(for the variable
combinations when data for COHA (above) and LEOW (below) were used for correlation

analyses. Values highlighted in bold exhibited a modestaogtcorrelation. The following

codes apply: ASPaspect), NDEN (nest density), ADEN (active nest density), IDEN (inactive
nest density), RDD (road density), ELEV(elevation), SLP (slope), DBN (distance between
nests), DPW (distance to a producing wellRID (distance to roads), DED (distance to edge of
disturbance) PWD (producing well density). Values ranging from 0.00 to 0.19 represent no
correlation to very weak, 0.20 to 0.39 (weak correlation), 0.40 to 0.69 (modest correlation), 0.70
to 0.89 (strong awelation), and 0.90 to 1.00 (very strong correlation) (Fowler et al. 1998).

Variable RDD NDEN ASP ADEN DBN ELEV SLP DRD DED DPW PWD
RDD 1.0000

NDEN 0.207;3 1.0000

ASP 0.1652 0.172-2 1.0000

ADEN 0.105-4 0.8207 0.186-1 1.0000

DBN 0.1192 0.812:8 0.2721 0.717-8 1.0000

ELEV 0.0455 0.116;) 0.3062 0.0461 0.1944 1.0000

SLP 0.125-9 0.2794 0.126;9 0.4583 0.303-9 0.0162 1.0000

DRD 0.1971 0.319;1 0.1562 0.2146 0.2498 0.0922 0.008-7 1.0000

DED 0.165-6 0.0787 0.354-3 0.0529 0.124-1 0.130-3 0.3689 0.233-2 1.0000

DPW 0.126-4 0.309-7 0.162:3 0.256;1 0.2576 0.119-8 0.1524 0.1529 0.4801 1.0000

PWD 0.217-9 0.129;1 0.085E3 0.037_1 0.018-8 0.0124 0.1059 0.2331 0.2443 0.3239 1.0000
Variable  SLP ASP DBN ELEV RDD DRD NDEN DPW DED ADEN PWD
SLP 1.0000

ASP 0.0026 1.0000

DBN 0.0109 0.0727 1.0000

ELEV 0.139-4 0.3439 0.2219 1.0000

RDD 0.028;3 0.1504 0.139-1 0.0311 1.0000

DRD 0.1152 0.015-9 0.081;5 0.000-7 0.161-2 1.0000

NDEN 0.0735 0.219-7 0.409-6 0.386-8 0.0883 0.047_6 1.0000

DPW 0.095-5 0.066-2 0.0560 0.1125 0.1437 0.082-6 0.215-5 1.0000

DED 0.057-7 0.040-2 0.117-9 0.1047 0.0296 0.163-2 0.140;1 0.6274 1.0000

ADEN 0.0515 0.087;1 O.lGlé 0.520-1 0.1124 0.04023 0.6806 0.319-7 0.111-2 1.0000

PWD 0.327;:3 0.303-2 0.197-6 0.137-5 0.107-3 0.048_6 0.026-7 0.0416 0.2543 0.2595 1.0000
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Table 9. The following table includes results for the-wr@y ANOVA. To complete this
analysis, the respoawariable was compared to the categorical factor STATUS_ 10 which
evel
between Active and Inactive nests when comparing response variable means. Though not
statistically sigificant, active nests appeared to be closer to linear features when compared to
inactive neststhis weakrelationship was also confirmed with the Aparametric alternative
(KruskalWwallis chisquared = 2.9538lf= 1,p = 0.0857).

included

2

Variable n F p
PWD 148 1.16 0.28
RDD 183 1.47 0.23
ELEV 183 1.74 0.19
ASPECT 183 191 0.17
SLP 183 0.15 0.7
NEST_DEN 183 0.34 0.56
NEAR_DIST_NEST 183 266 0.1
DPW 183 1.31 0.25
DRD 183 3.51 0.06
SURF_DIST 183 0.11 0.74

S

( A AWeTdld WdE fond eastatistical différarcel | VEO ) .
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Tablel0. The following table summarizes each response variable using untransformed data and was grouped by STATUS 10 (e.gndACTIVE
INACTIVE). ANOVA tests showed that themeere nostatistically significant differenabetween active and inactive nests wizemparing

response variable means. Howevetjv@ nests were generally located closer to ro&ds 225.47 m) compared to inactive nests(302.96 m).
Distance measurements are reported in meters and elexateported in feet. Density estimates are reported in number of units (e.g., nests,
producing wells, miles of linear features, etc.) per square mile. Aspect is reported in degrees, asiceplogied irunits ofpercentslope.

Variable: NF_10 Variable: PWD_SQMI Variable: RDD

mean sd n NA mean sd n NA mean sd n NA
ACTIVE 2.87 1.10 108 54 ACTIVE 2.73 398 128 34 ACTIVE 2.32 093 162 O
INACTIVE NaN NA 0o 21 INACTIVE 1.72 1.69 20 1 INACTIVE 2.08 1.00 21 O
Variable: NEST_DEN Variable: ACT_DEN Variable: INACT_DEN

mean sd n NA mean sd n NA mean sd n NA
ACTIVE 2.89 145 162 O ACTIVE 2.10 097 162 O ACTIVE NaN NA 0 162
INACTIVE 2.60 0.85 21 O INACTIVE NaN NA 0 21 INACTIVE 1.81 079 21 O
Variable: ASPECT Variable: SLP_PERC Variable: ELEV

mean sd n NA mean sd n NA mean sd n NA
ACTIVE 174.83 11544 162 O ACTIVE 21.80 16.45 162 O ACTIVE 6741.92 319.86 162 O
INACTIVE 199.19 99.77 21 O INACTIVE 28.57 2667 21 O INACTIVE 6856.95 51753 21 O
Variable: NEAR_DIST_NEST Variable: NEAR_DPW Variable: NEAR_DRD

mean sd n NA mean sd n NA mean sd n NA
ACTIVE 814.27 221445 162 O ACTIVE 1251.54 117952 162 O ACTIVE 225.47 181.73 162 O
INACTIVE 414.15 419.18 21 O INACTIVE 853.66 387.08 21 O INACTIVE 302.96 231.00 21 O
Variable: NEAR_SURF D

mean sd n NA
ACTIVE 618.97 517.00 162 O
INACTIVE 597.10 50940 21 O
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Table 11. The following tablencludes results for the omweay, single factoANOVA. To

complete this analysis, the response variable was compared to the categorical factor END_10
which i ncl

uded

2

evel

S

( ANDVACIESE ShBwedlthad theaen d

nFAI

were no statistically significant differences between successful and failed nests when comparing
response variable means. Though not statistically significant, we did matak relationship

when comparingroducing well density (PWD) to nests that were successful versus nests that
failed. Successful nests were located in areas where producing well density was, on average,

higher, and failed nests were located in areasre/producing well density was, on average,
lower. The strength of thiselationship was also confirmed with the rRparametric alternative

(KruskalWallis chirsquared = 2.76f= 1,p = 0.0964).

Variable F p
PWD 3.67 0.06
RDD 0.03 0.86
ELEV 1.06 0.31
ASPECT 0.33 0.57
SLP 0.01 0.90
NEST_DEN 0.53 0.47
NEAR_DIST_NEST 0.18 0.67
DPW 0.04 0.84
DRD 0.02 0.90
SURF_DIST 0.08 0.78
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Table 12. The following table summarizes each response variable using untransfatanedd was grouped by END_10 (e.g., SUCCESSFUL and
FAILED). ANOVA tests showed that there were no statistically significant differences between successful and failed nests wheg comparin
response variable means. However, as ioeeatl in Table 11, weid note that sccessful nests were generally located in areas with more producing
wells (X = 2.97 wells/nfi) compared to failed nest& & 1.07 wells/mfi) where producing well density was lower. Distance measursraeat

reported in meters and elevation is reported in feet. Density estimates are reported in number of units (e.g., nésgsyvettsiuniles of linear
features, etc.) per square mile. Aspect is reported in degrees, anth sep@ted inunits ofpercent slope

Variable: PWD_SQMI Variable: RDD Variable: NEST_DEN

mean sd n NA mean sd n NA mean sd n NA
FAILED 1.07 112 15 0 FAILED 231 140 15 0 FAILED 3.35 143 15 0
SUCCESSFUL 2.97 413 83 26 SUCCESSFUL 2.29 0.89 109 0 SUCCESSFUL 3.07 1.47 109 0
Variable: ACT_DEN Variable: ASPECT Variable: SLP_PERC

mean sd n NA mean sd n NA mean sd n NA
FAILED 2.29 091 15 0 FAILED 192.84 137.20 15 0 FAILED 17.55 797 15 0
SUCCESSFUL 2.19 1.00 109 0 SUCCESSFUL 177.11 114.64 109 0 SUCCESSFUL 18.95 12.92 109 0
Variable: ELEV Variable: NEAR_DIST_NEST Variable: NEAR_DPW

mean sd n NA mean sd n NA mean sd n NA
FAILED 6794.39 23154 15 0 FAILED 390.97 435.73 15 0 FAILED 1078.77 635.06 15 0
SUCCESSFUL 6726.45 244.28 109 0 SUCCESSFUL 613.25 1319.59 109 0 SUCCESSFUL 1138.26 1189.44 109 0
Variable: NEAR_DRD Variable: NEAR_SURF_D

mean sd n NA mean sd n NA
FAILED 207.04 13051 15 0 FAILED 563.95 363.96 15 0
SUCCESSFUL 219.31 181.88 109 0 SUCCESSFUL 545.19 411.12 109 0
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Table 13. The following tablencludes results for the oveay, single factoANOVA. To
complete this analysis, the response variableg wempared with the categorical factor SPP_10
f a ct OVe soted dis@i3titaAlyp sigaifitaht A" L EOWO0 ) .

whi ch

di

necl

u

fference

ded 2
among

COHA

and

LEOW (highlighted

variable NEST_DEN (i.e., nest densigndDIST_M (i.e., distance between nests) at occupied
nests. LEOWhestsappeared to be distributetbser together (i.e., exhibited higher density)
when compared t&€OHA nests, which tended to be less clugdere

Variable n F p

PWD 96 0.07 0.79
RDD

ELEV 121 0.42 0.52
ASPECT 121 0.32 0.57
SLP 121 0.07 0.79
NEST_DEN 121 8.22 0.005 **
ACT_DEN 121 35 0.063
DIST_M 121 9.99 0.0019 **
DPW 121 1.09 0.30
DRD 121 0.17 0.68
SURF_DIST 121 0.18 0.68
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Table 14 Thefollowing table summarizes each response (raw data) variable and was grouped by species. Distance measurementdrmare reporte
meters and elevation is reported in feet. Density estimates are reported in number of units (e.g., nests, produniiigsveélinear features, etc.)

per square mile. Aspect is reported in degrees, and isloggrtedin units of percentslope Data were collected during the 2010 breeding season

in northwest Colorado (Picance Basin, Rio Blanco County).

Variable: NF_10 Variable: PWD_SQMI Variable: RDD

mean sd n NA mean sd n NA mean sd n NA
AMKE NaN NA 0 2 AMKE 0.42 NA 1 1 AMKE 3.31 0.15 2 0
BAEA 1.00 NA 1 0 BAEA NaN NA 0 1 BAEA 2.16 NA 1 0
COHA 3.00 096 49 13 COHA 2.61 4,06 47 15 COHA 2.30 0.97 62 0
CORA 3.50 0.71 2 8 CORA 0.81 079 9 1 CORA 2.20 0.75 10 0
GHOW 1.00 NA 1 2 GHOW 3.23 430 3 0 GHOwW 2.44 0.73 3 0
GOEA 1.00 NA 1 0 GOEA 3.13 NA 1 0 GOEA 0.94 NA 1 0
LEOW 3.00 1.21 42 17 LEOW 2.55 3.77 49 10 LEOW 2.36 0.98 59 0
NOGH 2.33 0.58 3 0 NOGH 4.25 489 3 0 NOGH 2.80 0.48 3 0
PRFA 1.00 0.00 2 1 PRFA 5.66 441 2 1 PRFA 1.96 0.80 3 0
RTHA 2.50 0.84 6 10 RTHA 412 530 11 5 RTHA 2.37 0.85 16 0
SSHA 3.00 NA 1 0 SSHA 12.03 NA 1 0 SSHA 1.47 NA 1 0
SWOWwW NaN NA 0 1 SWOw 0.39 NA 1 0 SwWOw 1.96 NA 1 0
UNK NaN NA 0 122 UNK 2.18 296 89 33 UNK 2.22 0.81 122 0
Variable: NEST_DEN Variable:  ACT_DEN Variable: ASPECT

mean sd n NA mean sd n NA mean sd n NA
AMKE 1.25 0.41 2 0 AMKE 1.25 041 2 0 AMKE 149.28 76.87 2 0
BAEA 1.64 NA 1 0 BAEA 1.64 NA 1 0 BAEA 321.77 NA 1 0
COHA 2.69 1.26 62 0 COHA 2.00 0.91 62 0 COHA 168.69 122.11 62 0
CORA 2.91 1.41 10 0 CORA 2.31 1.28 10 0 CORA 189.36 123.47 10 0
GHOW 1.12 0.14 3 0 GHOW 1.08 013 3 0 GHOW 135.04 62.59 3 0
GOEA 0.95 NA 1 0 GOEA 0.95 NA 1 0 GOEA 159.32 NA 1 0
LEOW 3.46 157 59 0 LEOW 2.34 1.02 59 0 LEOW 179.60 122.18 59 0
NOGH 3.69 0.60 3 0 NOGH 2.48 017 3 0 NOGH 263.24 80.81 3 0
PRFA 1.15 0.22 3 0 PRFA 1.15 022 3 0 PRFA 178.05 68.77 3 0
RTHA 2.30 1.00 16 0 RTHA 1.76 0.67 16 0 RTHA 154.75 82.72 16 0
SSHA 3.09 NA 1 0 SSHA 3.09 NA 1 0 SSHA 73.23 NA 1 0
SWOowW 5.19 NA 1 0 Swow 3.74 NA 1 0 SWOw 315.89 NA 1 0
UNK 2.97 1.46 122 0 UNK NaN NA 0 122 UNK 184.44 111.89 122 0
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Table 14 Continued.

Variable: SLP_PERC Variable: ELEV Variable: NEAR_DIST_NEST

mean sd n NA mean sd n NA mean sd n NA
AMKE 31.90 22.64 2 0 AMKE 6702.66 45355 2 0 AMKE 1476.70 600.56 2 0
BAEA 28.47 NA 1 0 BAEA 6513.12 NA 1 0 BAEA 643.47 NA 1 0
COHA 16.21 9.02 62 0 COHA 6741.99 282.59 62 0 COHA 1128.92 3431.05 62 0
CORA 23.37 18.59 10 0 CORA 6627.76 227.09 10 0 CORA 730.32 1196.82 10 0
GHOW 36.50 17.06 3 0 GHOwW 6404.74 141.28 3 0 GHOW 1660.10 716.38 3 0
GOEA 6.46 NA 1 0 GOEA 6615.03 NA 1 0 GOEA 1643.90 NA 1 0
LEOW 16.82 9.68 59 0 LEOW 6772.97 256.46 59 0 LEOW 362.63 539.50 59 0
NOGH 21.72 6.42 3 0 NOGH 6647.69 24895 3 0 NOGH 301.08 182.58 3 0
PRFA 61.42 30.68 3 0 PRFA 7061.05 363.79 3 0 PRFA 1667.41 1009.93 3 0
RTHA 48.27 20.31 16 0 RTHA 6780.65 609.77 16 0 RTHA 101826 899.82 16 0
SSHA 36.75 NA 1 0 SSHA 6528.56 NA 1 0 SSHA 531.43 NA 1 0
SWOow 33.53 NA 1 0 sSwow 6412.28 NA 1 0 SwWOoOw 270.71 NA 1 0
UNK 22.40 19.06 122 0 UNK 6734.32 309.64 122 0 UNK 641.95 1482.18 122 0
Variable: NEAR_DPW Variable: NEAR_DRD Variable: NEAR_SURF_D

mean sd n NA mean sd n NA mean sd n NA
AMKE 2562.79 821.27 2 0 AMKE 391.20 18.55 2 0 AMKE 1325.47 857.42 2 0
BAEA 2554.99 NA 1 0 BAEA 190.66 NA 1 0 BAEA 1222.99 NA 1 0
COHA 1236.89 1411.41 62 0 COHA 21687 173.73 62 0 COHA 565.79 473.62 62 0
CORA 1194.04 895.18 10 0 CORA 249.99 240.96 10 0 CORA 768.26 478.83 10 0
GHOW 1803.22 2204.77 3 0 GHOWw 261.09 28223 3 0 GHOW 863.24 776.22 3 0
GOEA 2790.71 NA 1 0 GOEA 49.78 NA 1 0 GOEA 786.43 NA 1 0
LEOW 985.57 778.26 59 0 LEOW 233.71 20256 59 0 LEOW 519.32 409.74 59 0
NOGH 1799.02 1495.23 3 0 NOGH 258.93 97.67 3 0 NOGH 724.35 655.38 3 0
PRFA 2331.16 1063.76 3 0 PRFA 240.89 15954 3 0 PRFA 1342.40 877.37 3 0
RTHA 1484.45 1265.68 16 0 RTHA 210.76 107.00 16 0 RTHA 734.38 748.84 16 0
SSHA 1872.85 NA 1 0 SSHA 93.29 NA 1 0 SSHA 1244.31 NA 1 0
SWOowW 2078.15 NA 1 0 SWOWwW 20.13 NA 1 0 Swow 427.28 NA 1 0
UNK 1133.91 967.07 122 0 UNK 234.20 193.53 122 0 UNK 567.51 690.06 122 0




Table 15. The following tablimcludes dstance categories for active nests and number of

fledglings produced when using data for all successful nests. Distance measures were measured
from each nest to the nearest producing well (DPW) and units are reported in rDetiersvere
collected durig the 2010 breeding season in northwest Colorado (Picance Basin, Rio Blanco
County).

. No. Mean
Distance Category n Fledged NE/Nest SD SE
(NF)
0 TO 100 1 4 4.00
100 TO 200 5 15 3.00 0.71
200 TO 300 5 13 2.60 1.52
300 TO 400 7 23 3.29 0.76
400 TO 500 12 35 2.92 1.00
500 TO 600 8 28 3.50 1.07
600 TO 700 7 16 2.29 1.38
700 TO 800 5 12 2.40 1.14
800 TO 900 8 18 2.25 1.16
900 TO 1000 9 32 356 0.73
1000 TO1100 5 16 3.20 1.48
1100 TO 1200 3 7 2.33 1.15
1200 TO 1300 3 6 200 1.00
1300 TO 1400 3 9 3.00 1.00
1400 TO 1500 1 4 4.00
1500 TO 1600 2 6 3.00 141
1600 TO 1700 2 6 3.00 0.00
1700 TO 1800 3 10 3.33 0.58
1800 TO 1900 3 9 3.00 0.00
1900 TO 2000 1 2 2.00
2100 TO 2200 1 4 4.00
2300 TO 2400 3 9 3.00 2.0
2400 TO 2500 2 5 250 0.71
2500 TO 2600 3 5 1.67 1.15
2600 TO 2700 1 3 3.00
2700 TO 2800 1 1 1.00
3400 TO 3500 1 2 2.00
3500 TO 3600 1 2 2.00
3600 TO 3700 1 4 4.00
10300 TO 10400 1 4 4.00
Total 108 310 2.86
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Table 16 The following tabléncludes distance categories &mtive nestand number of

fledglings produced when using data for all successful nests. Distance measures were measured
from each nest to the nearesad(DRD) and unitsare reported in meterata were collected

during the 2010 breeding season in northwest Colorado (Picance Basin, Rio Blanco County).

No.

Distance Mean

Category n FI((;:-\lng)ed NF/Nest Sb SE

0 TO 100 29 82 2.83 1.17
100 TO 200 31 95 3.06 1.15
200 TO 300 20 55 2.75 0.97
300 TO 400 13 31 2.38 0.96
400 TO 500 9 27 3.00 1.12
500 TO 600 2 8 4.00 0.00
600 TO 700 2 8 4.00 0.00
800 TO 900 1 1 1.00

1100 TO 1200 1 3 3.00
Total 108 310 2.89
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Table 17 The following tableincludes distance categories for active nests and number of

fledglings produced when using data for all successful nests. Distance measures were measured
from each nest to the nearest edge of disturbance (DED) anduitsported in meterPata

were collected during the 2010 breeding season in northwest Colorado (Picance Basin, Rio
Blanco County).

No.

. Mean
Distance Category n  Fledged NE/Nest SD SE
(NF)

0 TO 100 10 30 3.00 1.05
100 TO 200 12 35 2.2 131
200 TO 300 13 45 3.46 0.88
300 TO 400 17 46 2.71 0.99
400 TO 500 10 29 2.90 1.37
500 TO 600 8 23 2.88 1.46
600 TO 700 6 15 2.50 1.05
700 TO 800 7 17 2.43 0.98
800 TO 900 6 14 2.33 1.21
900 TO 1000 3 8 2.67 0.58

1000 TO 1100 3 10 333 0.58
1100 TO 1200 2 7 3.50 2.12
1200 TO 1300 4 10 2.50 1.29
1300 TO 1400 1 3 3.00
1400 TO 1500 3 8 2.67 0.58
1600 TO 1700 1 2 2.00
1700 TO 1800 1 4 4.00
1800 TO 1900 1 4 4.00
Total 108 310 209.00
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Table 18. The following tablmcludes distance categories for active nests and number of
fledglings produced when using data éacupied LEOW and COHA nests. Distance measures
were measured from each nest to the nearest road (DPW) and unégated in metersData
were collected during the 2010 breeding season in northwest Colorado (Picance Basin, Rio
Blanco County).

Cooper's Longeared
Hawk Oowl
Distance No. Fledged Mean No.Fledged Mean
Category o (NF) ’ NF/Nest S0 SE  Meow nF ’ NF/Nest 0 SE
0TO 100 1 4 4.00
100 TO 200 1 3 3.00 4 12 3.00 0.82
200 TO 300 4 11 275 171 1 2 2.00
300 TO 400 4 13 3.25 0.96 2 7 350 0.71
400 TO 500 7 23 3.29 0.76 4 11 2.75 0.96
500 TO 600 5 16 3.20 0.45 3 12 400 1.73
600 TO 700 6 14 233 151
700 TO 800 2 5 250 071 1 4 4.00
800 TO 900 4 10 250 1.00 4 8 200 141
900 TO 1000 3 9 3.00 0.00 5 20 400 071
1000 TO 1100 2 9 450 0.71 3 7 233 1.15
1100 TO 1200 1 3 3.00
1200 TO 1300 2 4 200 141 1 2 2.00
1300 TO 1400 2 6 3.00 141 1 3 3.00
1400 TO 1500 1 4 4.00
1500 TO 1600 1 2 2.00
1600 TO 1700 1 3 3.00 1 3 3.00
1700 TO 1800 2 7 350 071
1800 TO 1900 1 3 3.00 1 3 3.00
1900 TO 2000 1 2 2.00
2000 TO 2100
2100 TO 2200 1 4 4.00
2300 TO 2400 1 1 1.00 1 5 5.00
2400 TO 2500 1 2 2.00
2500 TO 2600 1 3 3.00
2600 TO 2700 1 3 3.00
3200 TO 3300
3400 TO 3500 1 2 2.00
3600 TO 3700 1 4 4.00
10300 TO
10400 1 4 4.00
Total 49 147 2.93 42 126 3.10
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Table 19. The following tablmcludes distance categories for active nestsraumber of
fledglings produced when using data éocupied LEOW and COHA nests. Distance measures
were measured from each nest to the nearest road (DRD) and units are reported irDatders.
were collected during the 2010 breeding season in northwesta@ol@Picance Basin, Rio
Blanco County).

Cooper's Longeared
Hawk owl
Distance No. Mean No. Fledged Mean
Category Moo Fl((la\ldg)ed NF/Nest >0 SE Mieow (NF) ’ NF/Nest >0 SE
0 TO 100 13 44 3.38 0.87 12 29 242 116
100 TO 20 15 46 3.07 0.80 12 42 350 131
200 TO 300 7 18 257 0.98 8 23 288 1.25
300 TO 400 6 15 250 0.84 4 12 3.00 0.82
400 TO 500 4 11 275 1.26 4 13 325 1.26
500 TO 600 2 8 4.00 0.00
600 TO 700 1 4 4.00 1 4 4.00
700 TO 800
800 TO 900 1 1 1.00
1100 TO 1200 1 3 3.00
Total 49 147 291 42 126 3.15
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Table 20 The following tablencludes distance categories forigetnests and number of

fledglings produced when using data éocupied LEOW and COHAnests. Distance measures

were measured from each nest to the nearest edge of disturbance (DED) and units are reported in
meters. Data were collected during the 2010 bregdseason in northwest Colorado (Picance

Basin, Rio Blanco County).

Long Cooper's
eared Owl Hawk
Distance No. Mean No. Mean
Category Mieow FI(?\IdI%ed NF/Nest Sb SE Meora FI(?\IdI%ed NF/Nest Sb SE
0 TO 100 5 16 3.20 0.84 5 14 2.80 1.30
100 TO 200 5 16 3.20 1.30 5 13 2.60 1.67
200 TO 300 4 13 3.25 0.96 7 26 3.71 0.95
300 TO 400 3 9 3.00 1.00 12 34 283 0.94
400 TO 500 5 14 280 2.05 5 15 3.00 0.00
500 TO 600 6 19 3.17 1.47 1 3 3.00
600 TO 700 2 3 150 071 3 10 3.33 0.58
700 TO 800 3 7 233 1.15 2 6 3.00 0.00
800 TO 900 1 4 4.00 3 8 2.67 0.58
900 TO 1000 1 3 3.00 1 2 2.00
1000 TO 1100 1 3 3.00 2 7 350 0.71
1100 TO 1200 2 7 350 212
1200 TO 1300 1 2 2.00
1300 TO 1480 1 3 3.00
1400 TO 1500 1 3 3.00 1 3 3.00
1600 TO 1700 1 2 2.00
1700 TO 1800 1 4 4.00
1800 TO 1900 1 4 4.00
Total 42 126 3.00 49 147 2.96
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Figurel. This figure depicts the study ar@a red)where raptor breeding season information

was collected during th2010breeding seasoin Piceance BasiRio Blanco CountyColorado
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Figure2. The imageaboveshows atypicaCo o p e r

stand. These photos were taken while visiting the wWnaest tree(s)o assess the breeding

season statusf the nest area.
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The following lambda (1) values were used for Box-Cox transformations: ~ The following transformation codes apply:

FOURTH: Fourth root

Figure 3 The figure above shows the frequency distribution ofrdmesforned data for each

response variable.

RDD: %= 0.687 (95%CI=0.4256 to 1.0148, L = 38.65)

CUBE: Cuberoot

DPW: % =0.109 (95% CI=-.00007 to 0.22784, L =-1863.49) SQRT:  Square root

DRD: 1=0.229 (95% CI=10.1922 t0 0.5424, L =-1404.19) LOG: Loguo transformation
BC: Box-Cox transformation
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Figure 4 The above figurédlustrates the degree of correlation between the response variables
whenall nestswere used The data used in thianalysis were transformed. Moreouszcause

the data did not follow aormal frequency distribution, the Spearman correlation method was
used. Darker colors representi@sger correlation. fie stronger the correlation, the more

elliptical the shape for each variable combination.
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Figure 5 The above figurdlustrates the degree of correlation between the response variableaetiveliieft) andinactivenests
(right) were useddr correlation analyses. The data used in this analysis were transformed. Moreover, because the data did not follow
a normal frequencdlistribution, the Spearman correlation method was used. Darker colors represent a stronger correlation. The

stronger the correlation, the more elliptical the shape for each variable combination.

56



Correlation COHA using Spearman Correlation LEOW using Spearman

Wi
i

= /@OQ00Q0Q0® - /O000000000®
sssssssssssss @/ OIZNOCOVOR0 - 0,/000000009
- 00,/ Q00Q0®00 - Q0 0908000
= O#0,/ NOOVOVO - Q00 OOVVOWO
-~ ONON/090000 == QOO0 QOO0
- OO0,/ COO00 - Q00000 00000
-~ QOOOQD,/ COO0 e 9 ) ) GIOPL 197 49
o] ‘ol 0eleV ol - 000000® P80
FFFFFFFFFFFFFF DOBOODO0S, 00 e QOOO00QP /OO0
- 00000000 /O = OOOWOOLR0 O

- @QQO0000000.”, - 9900000000,/

Figure 6 The above figure illustrates the degreeaoifrelation between the response variables viheno p e r {lsft) amdlLonk-
eared owinests (right) were used for correlation analyses. The data used in this analysis were transformed. Moreover, because the
data did not follow a normal frequency dibtrtion, the Spearman correlation method was used. Darker colors represent a stronger

correlation. The stronger the correlation, the more elliptical the shape for each variable combination.
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Variable Correlation Clusters
master using Spearman
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Figure 7 The above figure illustrates the degree of corratabetween the response variables
whenall nestswere used. The data used in this analysis were transformed. Moreover, because
the data did not follow a normal frequency distribution, the Spearman correlation method was

used.
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Variable Correlation Clusters
ACTIVE using Spearman
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Figure 8 The above fyure illustrates the degree of correlation between the response variables
when onlyactivenestswere used. The data used in this analysis were transformed. Moreover,
because the data did not follow a normal frequency distribution, the Spearman correlati

method was used.
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Variable Correlation Clusters
INACTIVE using Spearman
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Figure 9 The above figure illustrates the degree of correlation between the response variables
when onlyinactive nestsvere used. The data used in this analysis were transformed. Moreover,
because the data did not follow a notinaquency distribution, the Spearman correlation

method was used. Darker colors represent a stronger correlation.
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Variable Correlation Clusters
COHA using Spearman
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Figure 10 The above figure illustrates the degree of correlation between the response variables
among occupie€ o o p e r énests.Atee wdta used in this analysis were transformed.
Moreover, because the data did not follow a normal frequency distribution, the Spearman

correlation method was used.
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Variable Correlation Clusters
LEOW using Spearman
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Figure 11 The above figure illustrates the degree of correlation between the sesypanmables
among occupietlong-eared owlnests. The data used in this analysis were transformed.
Moreover, because the data did not follow a normal frequency distribution, the Spearman

correlation method was used.
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Plot of Means
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Figurel2.The figure abovelsows plots othe statistically significantedationshifs between
response variabld3IST_M (i.e., distance between nests, top figure) and NEST_DEN (i.e., nest
density, bottom figureandspecies (e.g., COHA versus LEOWIsing singlefactor,oneway
ANOVA test procedures. For a list of applicaplealuescores, see Taldd3. The values

represent mean values on the Lggrale and the error bars are stamlderrors othe mean.
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Figure 13 The figure above shows thea-way factorial ANOVA results @mparing response
variables to factor NF_10 (i.e., number of young that successfully fledged per nest; 5 levels:
1,2,3,4,5) and factor SPP_10 (i.e., raptor species; two levels: coha, M@anecorded
statistically significant relationships among the laxyatory variables and response variables
DIST_M (i.e., distance between nests), NEST_DEN (i.e., nest density), and PWD (i.e.,
producing well density). In addition, we noted interaction among the explanatory variables
SPP_10 and NF_10 when comparing resaovariable means for producing well density (e.g.,
PWD).
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