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Abstract
In this dissertation, | investigate various aspetthe ecology of Northern Pygmy-owls
(Glaucidium gnoma) in Northern Idaho. The dissertation includegéhchapters and a
previously published article on post-fledging egnidFrye and Jageman 2012). Chapter
one examines space use and habitat selection thé&tnrPygmy-Owls. To test for habitat
selection, | developed forty-or@epriori models and used two different analysis methods
(logistic regression and the synoptic model) to pare results. Results were similar
between methods and indicated that two variablegdtation structural stage) and (distance
to stream) were most important in predicting thebability of use by Northern Pygmy-
Owls, which selected forested habitats with latgee sizes and preferred areas closer to

stream courses.

Chapter two discusses losses of Northern Pygmy-@unlstraguild predation by
larger raptors. The study suggests Northern Py@wis utilizing fragmented landscapes
are more vulnerable to predation loss than theintarparts that utilize more forested

landscapes.

In chapter three, | examine genetic variation oftNern Pygmy-Owils in Idaho as
compared to individual owls from Montana and BhtSolumbia. | found no genetic
differences or clustering in samples from Idahonkdoa, or British Columbia. No unique
alleles were found in either Montana or British @uobia that distinguish them from Idaho
birds, despite these populations being 300-500meters (km) from the Idaho population.
Thus, the results did not corroborate the currebspecies status &. g. swarthi of British

Columbia ands. g. pinicola of Idaho and Montana. Genetic analysis accurgi€19%)
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assigned gender to birds of known sex and in mibstr anstances was congruent with the

“projected” gender that was assigned by owl weagid behavior prior to DNA analysis.

In appendix H, | incorporate an earlier articlettivas published in the Wilson
Bulletin in June 2012 (Frye and Jageman 2012)s @Hicle discusses post-fledging
behavior of Northern Pygmy-Owils from this study ansimilar study in Western Montana.
Northern Pygmy-Owl adults were found to continuéeted and associate with their young

for 9 to 34 days following the departure of the pgdrom the nest.
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Chapter 1
Habitat Selection and Space Use of Northern Pygmys@s in Northern Idaho

1.1 Abstract

| examined space use and habitat selection of BortRygmy-Owls Glaucidium Gnoma)

in Northern Idaho using a variety of different medb. To evaluate space use | estimated
home range size using fixed kernel, adaptive ketmg&l mode bivariate normal and
minimum convex polygon methods. | compared thésalitional” methods of analyzing
space use to a newer method of analyzing spachabitat use called the synoptic model
(Horne et al. 2008, Johnson et al. 2008). Spaeevas estimated for seasonal ranges
because the battery life of the radio transmifased on these small owls is only 11 to 14
weeks and space use potentially changes in diffeseasons. A total of 26 radio-tagged
owls were captured during the study, but only 1@sdvad a sufficient number of locations
(at least 29) to be utilized in the study. Usiggaptic methods, | determined the average
seasonal range size was 306 hectares. This comjpeaedaverage of 276 hectares using

more traditional methods.

Habitat selection was evaluated with two diffener@thods. The first method
applied simple logistic regression as describetyaypley et al. (2002) to estimate the
resource selection function. In using this metHadmpared actual radio locations of
individual owls to randomly selected points witlair2500 meter radius circle of each owl's
area of use. For the second method | again ugesitioptic model (Horne et al. 2008,
Johnson et al. 2008). To test for habitat selaclideveloped forty-ona priori models and

used the two different analysis methods (logigtgression and the synoptic model) to



compare the results. | selected the “best” modgiisg Akaike’s Information Criterion

(AIC; Akaike 1973). Results were similar with hohethods and indicated that two
variables (Vegetation Structural Stage) and (Distao Stream) were most important in
predicting the probability of use by Northern Pyg@wls, which selected forested habitats

with larger tree sizes and preferred areas classiréam courses than available.

1.2 Introduction

The Northern Pygmy-Owl is a small (60-70 grams) spécies found in Western North
America. Their range extends from Southern Algskidorthern Mexico and is largely
centered in forested areas of coastal British CblamNashington, Oregon and California.
They are also found in forested areas of the Rddtyntains in in Idaho, Montana,
Colorado and Arizona and considered “one of thstlstudied owls on the continent” (Holt

and Petersen 2000, pg. 1).

Only one radio telemetry study of this specieshenOlympic Peninsula of Western
Washington has been reported (Giese and Forsma).200that study (page 117) it was
suggested that “Structurally diverse and olderdtsr@ere most heavily used” by Northern
Pygmy-Owls. However, an older observational st{iigyward and Garton 1988)
suggested that the species is a “habitat genéral@ese and Forsman (2003) found the
average breeding season home range for male owl29&a+42 ha by the minimum
convex polygon method and 2028 ha for the fixed kernel method. Northern Pygmy
Owls are thought to be non-migratory, but appeandwe to lower elevations or more
southerly locations in response to snowfall and eatather (Hannah 1999, Holt and

Petersen 2000).
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The intent of this chapter is to increase thedasderstanding of the ecology of this
species and to help to clarify discrepancies ifliteeature regarding space and habitat use.
Although | have used a variety of methods to aahins goal, my intent is merely to
produce the best possible results regarding NartRggmy-Owl habitat and space use.
When | have used more than one method to evaladitah and space use, my intent is to
display to the reader how results might vary wighvar techniques as compared to more
traditional approaches. It is not my intent tolaage the pros and cons of different analysis

methods in this dissertation.

| have used the latest techniques in evaluagagurce selection and space use
including the “synoptic model” of space use (Hoetal., Johnson et al. 2008). That
approach uses maximum likelihood methods to simattasly estimate home range as a
probability density function and incorporates rasewselection functions that can be used to
identify preferred habitats. This approach hasstamtt advantage over traditional methods
that require defining available habitat and doinobrporate habitat into the estimation of

home range space use.

| have compared this approach to more traditiorethods that evaluate resource
selection and home range use separately rathestimaftaneously. For example, | have
used logistic regression to compare radio telemetgtions to randomly generated habitat
points within a 2500 meter circle of each owl’s tegrof use. This approach compares
“used” locations with a sample of points that esssumed to represent the “available”
habitat. Determination of “available habitat” isvays difficult with traditional methods as

in this case where we are not sure if the areamitie 2500 meter circle is actually what is
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available to each owl. | have used a variety aditronal home range estimation methods
such as fixed kernel analysis and minimum convdygam methods to estimate seasonal
range size from the known radio locations. Untike synoptic model, traditional methods
of home range estimation do not consider underliigigitat conditions and generally rely

on mathematical formulations that assume uniforbitagor sharp boundaries.

1.3 Methods
1.3.1 Study Area

The study area is located in North Central Idahar tlee town of Moscow, Idaho. Most

land within the study area is found within the ¢na$ of the Palouse Ranger District,
Clearwater National Forest. These lands are integlad with industrial forest lands and
ownership is almost equally divided between naliéorast (43,650 hectares) and State and
private lands (44,112 hectares). Potlatch Cotporas the dominate owner of private

lands (21,996 hectares) and the State of Idaho geargpproximately 7% of the study area
(6,373 hectares). Bennett lumber manages 1853rksataapproximately 2% of the study
area. Total area in the study area is approxim&®e|y62 hectares and elevation ranges from

468 meters to 898 meters (Figure 1.1 — Study Anglaland Ownership).

Some of the most mesic forests in the Rocky Maastare found in the study area,
largely due to the influence of Pacific maritimevils that bring moisture to the area (Cooper
et al.1991). Hejl (1995 pg. 221) described tha @z part of the “Cascadian Forest” largely
due to the presence of “species typically founthenCascade Mountains of the Pacific
Northwest”. Forest habitat types (Cooper et. 891) are dominated by western red cedar
(Thuja plicata), with grand fir Abies grandis) habitat types occurring as inclusions on drier

south slopes.
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Forest stands are generally composed of a mixedec@ssociation with grand fir
being the most dominant species at this time. ddslly, many stands in the area
contained a high component of western white piiaus monticola); Western larchlarix
occidentalis), western red cedar and Douglas-Rsgudotsuga menziesii) are common stand
associates. Ponderosa piRen(is ponderosa) is limited in distribution and is generally
found on drier south slope inclusions. There airomamounts of lodgepole pinBifus
contorta) and subalpine firAbies lasiocarpa) within frost pockets (generally associated
with low elevation meadows) and at higher elevatioBecause of the good growing
conditions and high value of the forest standfiendtudy area, there has been a long history
of forest management. In the past, logging treatsngenerally focused on even-age
systems with clearcutting being the dominant siliticral treatment. However in recent
years there has been increasing use of sheltengeed,tree and group selection
regeneration harvest prescriptions (Smith 1962naémy cases, the leave trees associated
with these prescriptions are not being removeavalg seedling establishment, as would
have been the standard approach a few years @jje.trees are left as sources of structural
diversity in the developing stand. There has beemereasing amount of intermediate
treatment, with prescriptions that generally folloaditional commercial thinning or stand
improvement practices (Smith 1962). Increased asigthas been placed on these types of
prescriptions and fuel reduction, as a result oiceons about increased fire risk. Less
popular has been the use of uneven age managemam-traditional variable retention

prescriptions (Kohm and Franklin 1997).



Figure 1.1 — Study Area Showing Land Ownership
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1.3.2 Acoustical Surveys
| conducted acoustical surveys throughout the pt@eea from May 2006 to October 2007
to identify potential use by Northern Pygmy-Owlg€¢S-igure 1.2). The purpose of these
surveys was to establish abundance and locatefomfisture trapping. Surveys were
conducted along open and gated roads using regsrdirNorthern Pygmy-Owl calls. A
FoxPro game caller was utilized to broadcast edtich were played at 1609 or 3219 meter
intervals along the roads. The initial intervaldémof 1609 m was selected based on the
literature (Piorecky and Prescott 2006) and modifser to 3219 m to test if there might be
a possibility that some owls were being double ¢edin Surveys were conducted during
both spring (April to June) and fall (SeptembeOictober) based on previous reports that
Northern Pygmy-Owls actively called during thesassms (Sater 1993). Surveys consisted
of a 10 minute calling and listening session ahestation and were conducted between the
hours of 6:00 AM and 12:00 Noon (Piorecky and Ro&s2006, Sater 2006). | began each
survey count by silently listening for two minuties unsolicited calls and after that |
alternated between playing the recorded calls istehing for responses of nearby owls. |
used the proportion test function (prop.test) iogpam R (Wilson 1927, Newcombe 1998a,
Newcombe 1998b, R Development Core Team 2012taftdhere was any significant
difference between the different spacing inter¢aé)9 m vs. 3219 m) and season of use

(spring vs. fall).



Figure 1.2 — Distribution of Study Area Call Stations
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1.3.3 Capture and Radio Telemetry Locations
| used the acoustic surveys to locate owls anctadjythose locations with subsequent
trapping efforts. I did not capture owls acrossehgre study area, due largely to logistical
constraints. Transport of capture equipment whialte been difficult and time consuming
in unroaded portions of the study area. Also, s&te upper elevation areas was difficult
especially in the spring when roads were blockedripw. As a result | tended to
concentrate capture efforts near open and gatels ievad at lower elevations (Figure 1.3).

Pygmy-Owls were trapped from September 2006 to 2008 and fitted with radio-
transmitters following methods outlined by Giesd &orsman (2003). Owls were captured
in mist nets or balcha-tri traps and live pet stoiee were utilized as bait. | lured owls to
the general trapping location by utilizing acoustdls. Transmitters were attached using the
crisscross backpack method (Smith and Gilbert 188#l)were secured with 80 pound test
Teflon-coated Dacron braided fishing line. | waslble to re-trap any owls during the
study. The battery life of the transmitters variiea 11 to 14 weeks depending on the
weight and model of the transmitter (1.4-1.8 gmdhdlSystems Ltd., Carp, ON, Canada -
Model BD-2).

Locations were determined by VHF methods usiny biangulation and homing to
the owl, until the owl was either seen or a vergrag radio signal could be obtained. Strong
signals were assured by removing the hand-heldhaaten the tracking unit and moving
toward the owl until the signal strength meterled teceiver (Communications Specialists
Model R-1000, Orange, California) was at or nearrttaximum level. Observed owls were

usually seen within 15 meters of the observer wdignal strength was this high.
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Visual observations and radio tracking responaggested little movement of owls
in response to the presence of researchers. Beohtlse dense and tall forests where these
owls were found, | had few visual observationshefse small cryptically colored birds. Itis
likely that they felt very secure even when resiears were nearby. Once the researcher
either saw the owl or was satisfied he was as @degmssible, GPS coordinates and error
estimates were recorded using a handheld GPS (6dnmi Kansas City, Kansas)

Triangulations from known points were mapped usihgprogram Locate Il (Nams
2000). Locations with a 95% probability error giie (Nams 2000) exceeding 19.6 hectares
(approximate radius equal to 250 meters) were rhbed from the analysis. A minimum of
three bearings were used for all locations andfantevas made to complete all bearings
within a half hour of each other.

Locations were generally recorded every two ogeldays for each of the radio
tagged birds. Owls were followed for the life bétradio transmitter or until discovered as
a mortality (10 of 26 owls were lost to larger @gtduring the study duration). Three birds
apparently exited the study area or their trangmsitfailed and could not be relocated.
Occasionally, owls were followed more intensivel)epthe course of one day. When birds
were visible, researchers often spent longer psraddime observing bird behavior. This
sometimes resulted in new locations as birds mavednd over the course of the
observation period. Due to the dense forests wihexse owls were found, movements did
not appear to be significantly influenced by obsepresence. Locations were generally

recorded during daylight hours, but some birds wexeked the entire night.



Figure 1.3 — Radio Locations and Available Habitat
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1.3.4 Space Use, Seasonal Ranges and Movements

| used traditional methods of home range analygsestimate home range size including
fixed kernel, adaptive kernel, two-mode-bivariatele and minimum convex polygon
(Rodgers et al. 2005) and compared them to newspaphes such as the bivariate normal
and exponential power synoptic models (Horne @08). The synoptic model is unique in
that habitat use and animal space use are andiygether. Synoptic models with the
lowest overall AICs were used to calculate seas@maje size for each owl.

With the exception of the minimum convex polygontinoel, probability
distributions were calculated at the 95%, 90%, 7886, 50% levels. Probability
distributions for the minimum convex polygon metheere limited to the 95% level and
were calculated using the area added method (95%edbcations that result in smallest
home range area are retained) and the fixed methoth€@5% of the locations that are
closest to the geographic center of the home rargeetained).

When the fixed kernel and adaptive kernel werecsetkas the best seasonal range
method an appropriate smoothing factor was caledlasing both the likelihood cross-
validation (CVh) and least squares cross-validati®CVh) methods (Horne 2006b).

To identify the best traditional methods for therteorange analysis | utilized information
theoretic measures (Horne and Garton 2007). Timeseures included Akaike’s
Information Criterion (AIC - Akaike 1973) and thedSs-Validation Criterion (CVC - Stone
1977, Horne 2006a).

Owl movements were monitored as part of the raelentetry work and analyzed in
ArcGIS (ESRI). |recorded seasonal, daily anagption-typical movements as they were

observed.
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1.3.5 Habitat Characteristics
| conducted the habitat analysis using individualscas the sampling unit, and summarized
general habitat conditions and use for all owlsg@&mdix B). | summed habitat conditions
available to the owls in a series of 2500 meteilusadircles that were placed around the
centroid of known locations for each individual owlselected the circle size of 2500
meters radius based on the largest distances haasbetween known radio locations (4635
meters) and the average size of individual seasangks. | wanted the circle to encompass
observed movements of individual owls and the seglsange of individual owls. The goal
was not to analyze habitat and space use witlstimenary data, but rather to give the
reader an idea of the available habitat conditigitisin the study area as compared to area
actually being utilized by the radio marked bird$e total area of all of these circles turned
out to be 34,815 hectares when overlapping ciet@sagricultural areas outside of the
project area were eliminated (Figure 1.3).

| do not report habitat values for the entire stadsa since | had not captured owls
throughout the study area and did not believe htbiocated far from capture sites where
truly available to individual owls. Thus | am estiting 3 level habitat selection (Johnson
1980).

Available habitat was determined from United Stdterest Service (USFS)
inventory data for the Clearwater National For€eérwater NF 2010) based on field
exams conducted according to guidelines of thedretyi— Timber Stand Management
Record System (TSMRS). All available field examBemed up to August 25, 2009 were
used in the analysis and these exams had beereddulathe forest service to 2009 using

the Forest Vegetation Simulator (FVS — Crookstoal €2003). Data was checked for
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consistency with ground conditions at the time wbess were being radio tracked and
modified accordingly. Most modifications were asated with recent timber harvest.

Field data was augmented by several GIS layetsmbiee downloaded from the
Clearwater National Forest website that includédrmation about the study area. For
example, | downloaded the timber stand polygomeast and road layers. Digital elevation
models and satellite imagery were downloaded frioenNSIDE Idaho website

(http://inside.uidaho.ed)/ NAIP Satellite imagery was available for 202806 and 2009

for the project area and was also downloaded fleMNISIDE Idaho website (INSIDE
IDAHO 2012). Since these images were taken just po the start of the study, during the
study, and at the very end of the study, | had lkerephotographic coverage for the entire
project area and the lifespan of the project. ¢@ththis data and the information from the
owl locations in both ArcMap 9.3 and ArcMap 10 djfiles (ESRI Corporation) and used
ArcMap to manipulate the data.

| found that there were some minor problems vhthttimber stand data layer, as
downloaded from the USFS, and made corrections tmbivious errors. For example, stand
boundaries were often displaced from obvious cgthioundaries that | could clearly see on
the satellite imagery. There were also some stdraddad been harvested recently and

these changes had not been incorporated into tR&$&nd data layer.

Since the USFS timber stand data layer did narekbnto State and private land, |
augmented the USFS stand layer by hand digitizotggons of similar size and structure
onto the layer. | based these additional polygongeatures that were apparent on the
satellite imagery and generally used the 2009 imege the basis for the classification. |

referred to 2004 and 2006 imagery for clarificattdrquestionable stands and to identify
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stands that were harvested during the life of thdys The original USFS stand layer had
3370 stands in the project area but | subdividedesof these stands to make 499 additional
stand polygons. This was, mostly, due to recembeir harvest that was apparent on the
satellite imagery, but which had not been incorfeatanto the USFS stand layer. | added
an additional 4210 stands on State and private [Einel resulting project area had a total of
8,440 different stands and covered an area of @ hé6tares.

On existing USFS stands, there were field survey2479 stands and characteristics
of the remaining 1,251 USFS (1250 of 1251) starsisdeen estimated by the USFS using
most similar neighbor projections (Crookston e802). In a manner that was analogous
to the USFS method for unsampled stands on th@iadtForest, | used the USFS field data
and the nearest neighbor approach to impute cleastats to the 4210 unsurveyed stands
on State and Private land (Crookston et al. 200@ok3ton and Finley 2008). This
procedure is described in detail in Appendix A.

| assigned a structural stage and crown closusgyosay to all polygons based on
visual observations of the satellite imagery angilable stand data. On “new” stands (State
and private land) | had no information regardirensit character other than what | could see
on the imagery and recollections from telemetrididork. When | “homed” to owls during
telemetry field work, | took habitat photos in fatardinal directions at all owl locations. |
made notes on stand character at the locationbsitedid not take detailed field
measurements. | gathered detailed vegetationnra@on at known nest sites (N=3), but |
did not gather additional vegetation informatiorthe study area due to limited funding and

time constraints.
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| used the following 7 classifications for the stiural stage estimatesl{_Sizé:
Non-forest areas(0), Seedling/Shrub — Trees less than 2.5 cm DianBstzast Height
(DBH) - (1), Sapling 2.5-12.6 cm DBKR), Pole 12.7-22.8 cm DBH ), Small Trees —
22.9-38.0 cm DBH4) , Medium Trees - 38.1 — 53.2 cm DEB) and Large Trees-53.3
cm (DBH) -(6). These categories were identical to size cladsttatum codes utilized by
the USFS in TSMRS.

Finally, | estimated crown closurel{_ CRN_CLR) using stand exam information
and/or visual estimates on the satellite imagémssigned crown closure of the existing
trees into five categories: Non-stocke(D); Very Low 10-24.9% {1), Low 25-39.9% {2),
Moderate 40-59.9% (3) and High - >60%- (4). These determinations were based on
visual observation of the satellite imagery. Tlessification of overstory crown closure
was based on the largest trees. Thus, if a stasda shelterwood cut, | estimated the
crown closure of the residual shelterwood and Inetcrown closure of the seeding or
sapling understory. If there was no overstorylangtand | estimated the crown closure of
the appropriate size class.

Once the stand layer was completed, | identihiesisible variables to include in the
analysis. | based variable selection on my knowdeafgNorthern Pygmy-Owl behavior,
results of past studies (Giese and Forsman 20@&; &zal. 2006) and variables that | felt
might be important to land managers. | decidetIthauld use four physical variables:
percent slope aspect(0-360 degrees and flat = -E)Jevation (meters) andlistance to
stream (meters to the nearest perennial stream). | theedcular estimates of structural
stage HJ_Sizg and crown closureHJ_CRN_CL) based on the 2009 satellite imagery and

the USFS stand exam data. Ocular structural sisty@atesilJ_Size agreed with the
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projected size class estimates from “nearest neigbftimates” and USFS stand exam
information approximately 75.3% of the time. Basedhe extensive comparisons of the
satellite imagery to nearest neighbor projectiors the fact that the ocular estimates
included some refinements (identification of rebeharvested stands and correction of
obvious errors in USEID assignment), | decidedde tlhe ocular estimate information to
designate general structural stages for the arsadysi.

| included several variables that came directlyfibie stand exam data and the
“nearest neighbor” estimates (Table 1.1). In noases, values came directly from the field
measurements and imputed data, but | grouped tiebla (tree species in plurality) into
three groupings for ease of manipulation in the @&@dFor my purposes, the number of
available tree species groups was excessive istémel exam data. This included a dry
forest group (ponderosa pine, Douglas-fir, weskarch); a moist forest group (Western red-
cedar, grand fir, western hemlocks(ga heterophylia) and white pine); and an “other”
forest group that consisted mostly of lodgepolee@nd stands of a few other species like
Engelmann sprucd{cea engelmannii) and subalpine fir.

This structural stage and crown closure informabiased on the stand exam
information is similar to remotely sensed data thed been used commonly in many other
habitat analyses. | considered the possibilitysahg these types of data for the habitat
analysis in substitution for the stand exam datasosin additional data source. Three
remotely sensed data layers were available foettiee study area: Idaho Gap Analysis

(http://www.wildlife.uidaho.edu/idgap/idgap landcowsp, LANDFIRE

(http://www.landfire.govy and the USFS Region 1 — Vmap project

(http://lwww.fs.usda.gov/detailfull/rl/landmanagenigist ? cid=stelprdb5331054&width=fu
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IIMap). The three remotely sensed layers had an adyawotzer the stand exam data since
they covered the entire project area and did roptire the level of manipulation associated
with nearest neighbor projections. However, thia diar all of these layers had been
collected at a much larger scale (State and MudtieSevels) and did not include the
detailed field sampling of the study area that imatided in the stand exam data. This
created a dilemma regarding which habitat layertilize for the analyses.

Of the three remotely sensed data layers, thellvmap coverage offered the best
choice of vegetative variables that would likelyitmportant to Northern Pygmy-Owls. For
example, Vmap provides more information on stamd structure than either Idaho Gap
Analysis or LANDFIRE. | was able to obtain stasige class, canopy closure, and stand
species group from Vmap.

After comparing the stand exam and the remotelges@ilVmap) vegetation data, it
was clear that each offered distinct advantageswvener, it was unclear which of these data
sets might produce the best results in definingidon Pygmy-Owl habitat within the study
area. | finally decided that | would conduct tmalgsis with both datasets.

Vmap treats stand size class (Vmap_Size) in fitegmies: Nonstocked, trees with
an average DBH between 0 and 12.4 cm, trees wilvarage DBH between 12.5 and 25.3
cm, trees with an average DBH of 25.4 to 38.0 amd trees with an Average DBH greater
than 38.1 cm.

Crown closure (Vmap_Canopy) is classified into foegegories by Vmap:
Nonstocked, Crown closure 10-24.9%, Crown clos@&&%2%, Crown closure 40-59.9%,

and Crown closure greater than or equal to 60%.
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Like the stand exam data, dominant species groapdentified by Vmap are very
extensive. | collapsed these multiple groupings three categories for easier manipulation
in the models. Species groups such PIPi@Qus ponderosa) PSME Pseudotsuga
menziesii), and LAOC Larix occidentalis) and IMIX (Intolerant Mix) were condensed into
a group called Vmap _PP_DF_L. | called the secandgVmap_ C_GF_H which included
THPL (Thuja pilicata), ABGR (Abies grandis), TSHE (Tsuga heterophylla), and TMIX
(Tolerant Mix). The final group includes PIC®ifus contorta) and all other species such

as PIEN Picea engelmannii) and ABLA (Abies lasiocarpa).



And Tested for Correlation
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Table 1.1 — Variables Originally Considered in theAnalysis

Symbol Description Source
HJ_Size (0-6) Non-stocked, Seedling, Sapling, Pole, Snhadidium,  Satellite
Large Imagery -
cstands
HJ_CRN_CL (0-4) Non-stocked, Very Low, Low, Moderate, High t&hte
Imagery -
cstands
PP_DF_L Tree species in plurality (Ponderosa pine, Doufifakarch) cstands
GF_C H_WP Tree species in plurality (Grand fir, Cedar, Hetklor White cstands
Pine)
LP_OTHER Tree species in plurality (Lodgepole Pine andder cstands
species)
TPHA Trees per hectare cstands
TDTPHA23 Trees per hectare over 22.9 cm DBH cstands
TDTPHASIS Trees per hectare over 38.1 cm DBH cstands
RDTPHA23 Recently dead trees per hectare over 22.9 cm DBH cstands
RDTPHA38 Recently dead trees per hectare over 38.1 cm DBH stands
BAM2HA Basal Area (Meters squared per hectare) cstands
TOTVOLM ? Total volume of wood (Mper hectare) cstands
BADBHCM Average DBH in Cm based on stand basal area cstand
QMDCM Quadratic Mean diameter (DBH) in Cm cstands
TOPHTM Height of the largest 40 trees in meters cstands
CRNCLS Crown Closure cstands
TCOV Total Cover cstands
COVHT1 Cover zero to 20 feet cstands
COVHT2 Cover 21 to 60 feet cstands
COVHT3 Cover 61 to 100 feet cstands
COVHT4 Cover > 100 feet cstands
UPAGE Age of trees in the upper 50th to 90th perceyidasal area cstands
Vmap_Size (0-4) - Non-stocked, 0-12.4 cm, 12.5-25.3 cm, ZBH cm, Vmap
>=38.1cm
Vmap_Canopy (0-4) - Non-stocked, 10-24.9%, 25-39.9%,40-59.9%, > Vmap
60.0%
Vmap_DF_PP_L PIPO, PIPO-1MIX, PSME, PSME-IMIX, LAOC, LAOC- Vmap
IMIX, IMIX
Vmap_C _GF_H THPL, THPL-TMIX, ABGR, ABGR-TMIX, TSHE, TSHE- Vmap
TMIX, TMIX
Vmap_ LP_OTHER PICO, PICO- Vmap
STRM_DIST Distance in meters to the nearest perennial stream ArcMap
SLOPE Percent Slope (-1 equal flat) Elev. Model
ASPECT Aspect -1 to 360 degrees (-1 equal flat) Elev. Mode
ELEV Elevation in meters Elev. Model
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| examined the correlation coefficients of thesgaldes using Pearson, Kendall and

Spearman methods in program R. | eliminated albbées whose correlation exceeded 60%
or which had limited representation in the studsear For example, the “PP_DF_L”"
variable was, highly, negatively correlated with ‘@ H_WP” variable. Likewise, most
of the variables from the stand exam data wereligirrelated with “HJ_Size” (Table
1.2). Idid retain TDTPHA23 and TDTPHA38 whicheecorrelated at 60%, because | felt
these variables provided useful management infoomaind both were highly correlated
with the snag level variables that | did not uglizRecently dead snag levels (RDTPHA23
and RDTPHA38) were not correlated very well withJ‘F6ize” (36 and 39% respectively).
Results were similar with Kendall and Spearman wodsth The final variables used in the

analysis are displayed in Table 1.3.



Table 1.2 — Pearson Correlation Matrix for Vegetaton Variables

Slp Asp Ele STR DF GF LP TA TA23 TA38 RD23 RD38 DH QM BA HJS HJC Vsiz Vcan VDF VGF VLP

Slp 1.00 0.02 047 -004 006 0.07 -0.11 0.09 0.09 0.140.04 0.09 0.15 011 014 023 023 -0.12 0.09 3-0.00.08 -0.04
Asp 0.02 100 004 001 0.03 -003 0.01 0.00 0.01 0.0e0.01 -0.01 -0.08 -0.01 -0.02 -001 001 001 -0.09.04 -0.05 0.04
Ele 0.47 004 100 008 0.08 0.04 -0.11 0.06 0.10 0.150.05 0.10 0.15 013 014 023 024 -0.18 0.12 -0.0p.12 -0.02
STR -0.04 001 0.08 1.00 0.07 -007 003 -0.02 -0.05.060 -0.05 -0.05 -0.06 -0.05 -0.09 -0.08 -0.06 0.010.06 004 -0.06 0.01

DF 006 003 008 007 100-0.81 -0.19 -006 -0.15 -0.15 -0.12 -0.10 -0.12 -0.05 220. -0.11 -0.09 -0.06 -0.09 0.02 -0.05 0.02
GF 0.07 -0.03 0.04 -0.07-0.81 1.00 -0.25 0.16 0.23 0.25 0.16 0.19 031 019 03031 027 0.04 0.17 -0.04 011 -0.03
LP -0.11 001 -0.11 0.03 -0.19 -025 100 -0.02 -0.040.10 003 -0.10 -0.05 0.01 -0.04 -0.02 0.01 0.060.03 0.05 -0.06 0.01
TA 009 000 006 -0.02 -006 016 -002 100 -0.04 .050 -0.15 -0.15 001 -031 020 014 021 -0.03 90.00.01 0.06 -0.01

TA23 009 001 010 -0.05 -0.15 0.23 -0.04 -0.04 1.000.60 0.74 0.49 043 051 058 047 037 0.13 0.27 -0.01 0.1R.03
TA38 0.14 000 015 -0.06 -0.15 025 -0.10 -0.050.60 1.00 034 064 051 049 052 048 033 0.12 0.24 -0.03 013 -0.02
RD23 0.04 -001 005 -0.05 -0.12 0.16 0.03 -0.150.74 0.34 1.00 0.52 030 051 049 036 031 011 0.28.02- 0.10 -0.01
RD38 0.09 -0.01 0.10 -0.05 -0.10 0.19 -0.10 -0.15 0.490.64 0.52 1.00 041 053 047 039 028 0.10 0.22 -0.08.11 -0.01
DBH 0.15 -003 015 -0.06 -0.12 031 -0.05 0.01 0.43 510. 0.30 0.41 100 069 066 069 046 0.15 033 0.00 0.16 -0.04
QMD 0.11 -001 013 -0.05 -0.05 019 0.01 -0.31 0.51 490. 0.51 053 069 100 066 066 051 0.16 032 002 015 -0.03
BA 0.14 -002 0.14 -0.09 -0.22 037 -0.04 0.20 0.58 520. 0.49 0.47 066 066 1.00 081 0.69 0.16 045 -0.02 0.23 -0.06
HJSi 023 -001 023 -0.08 -0.11 031 -0.02 0.14 0.47 480. 0.36 039 069 066 081 1.00 0.77 0.12 0.44 -0.02 0.23 -0.06
HJC 023 001 024 -006 -009 027 001 0.21 0.37 0.330.31 0.28 0.46 051 069 0.77 1.00 -0.02 0.33 -0.05 0.20 -0.05
Vsiz -0.12 001 -0.18 0.01 -0.06 004 0.06 -0.03 0.13 120. 0.11 0.10 015 016 016 012 -0.02 1.00 0.27290. 0.04 0.12
Vcan 0.09 -005 012 -0.06 -0.09 0.17 -0.03 0.09 0.27 240. 0.23 0.22 033 032 045 044 033 0.27 1.00 04-0. 0.35 -0.03
VDF -0.03 0.04 -0.07 0.04 002 -004 005 -0.01 -0.010.03 -0.02 -0.03 0.00 002 -0.02 -0.02 -0.05 0.29.04 1.00 -0.78 -0.19
VGF 0.08 -005 0.12 -0.06 -0.05 0.11 -0.06 0.06 0.12 130. 0.10 0.11 016 015 023 023 020 0.04 0.39.78 100 -0.14
VLP -0.04 004 -002 0.01 002 -003 001 -0.01 -0.030.02 -001 -0.01 -0.04 -003 -006 -0.06 -0.05 0.120.03 -0.19 -0.14 1.00

Highly correlated variables are displayed in balghhghts

(A4
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Table 1.3 - Habitat Variables Used in the Analysis

Variable Description Source

Abbreviation

HJ_SIZE Stand Size Class (0-6) S. Imagery/cstands
GF C H WP (0-1) cstands

TPHA Trees per hectare cstands
TDTPHA23 Trees per hectare over 22.9 cm DBH cstands
TDTPHASS8 Trees per hectare over 38.1 cm DBH cstands
Vmap_Size (0-4) - Non-stocked, 0-12.4 cm, 12.5-25.3 cm, Vmap

Vmap_Canopy
Vmap C GF_H
SLOPE
ASPECT

ELEV

STRM_DIST

25.4-38.0 cm,

>=38.1cm

(0-4) - Non-stocked, 10-24.9%, 25-39.9%,40- Vmap

59.9%, >= 60.0%

(0-1)-THPL, THPL-TMIX, ABGR, ABGR- Vmap

TMIX, TSHE, TSHE-TMIX, TMIX

Generated in ArcGIS from digital elevation ArcGIS/Inside Idaho
model

Generated in ArcGIS from digital elevation ArcGIS/Inside Idaho
model

Elevation — Model downloaded from INSIDE Inside Idaho

Idaho website

Distance to nearest stream - Generated in USFS - ArcGIS
ArcGIS using USFS Stream Layer which

displayed all perennial streams

After eliminating highly correlated variables, Irgtructed 5% priori models in

three general categories. However, ten modelsdec poorly represented parameters such

as lodgepole pine and the likelihood analysis d@itloonverge. Lodgepole pine was poorly

distributed in the study area and not heavily usefllorthern Pygmy-Owls (only 40 of 766

locations). Models that included these parameterg eliminated and only Zlpriori

models were carried forward into the final analysi®ie reader should be aware that the

original model numbers have been retained in tkietteavoid confusion and that these

numbers are only used to identify the actual modlish are displayed in Tables 1.4 to 1.6.

Models were constructed based on parameters thatiegd to be important from the
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literature, fieldwork and initial model runs. Iddnot test all possible parameter
combinations due to the sheer magnitude of this tas

The first category of models relied strictly on fitgysical variables of slope, aspect,
elevation and distance to stream and included 8etsdd@able 1.4). | termed this the
“Physical” category and the full model for this @gdry was:

WX = fo +#1*(SLOPE) + p>* ASPECT) + f3*(ELEV) + p.*(STRM_DIST)

The second category included sixteen models asdoased on a combination of the
remotely sensed Vmap vegetation parameters anghysecal parameters (Table 1.5). |
termed this the “remotely sensed Vmap” categorythedull model for this category was:
WX = fo +8:1*(SLOPE) + g*(ASPECT) + gs*(ELEV) + B,*(STRM_DIST) +
ps*(Vmap_Size) +fs*(Vmap_Canopy) +p7*(Vmap_C_GF_H)

The third category included seventeen models aad tiee modified USFS stand
exam data and nearest neighbor projections (Tab)e 1l termed this the “Stand Exam”
category and the full model for this category was:

WX = fo +8:1*(SLOPE) + B*(ASPECT) + ps*(ELEV) + B4*(STRM_DIST) +

Ps*(GF_C_H_WP) + f*(TPHA) + p*(TDTPHA23) + fs*(TDTPHAS38) +fy*(

HJ_SIZE)
Table 1.4 — Physical Models (N=8)
Model Slope Aspect Elevation Distance to
Number* Stream
14 X X
15 X X
16 X X
17 X X X
18 X X X
19 X X X
20 (Full) X X X X
21 X




Table 1.5 — Vmap Models (N=16)
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Model
Number*

Slope

Aspect

Elevation

Distanc
to Stream

e\Vmap
Size

Vmap

Canopy

Vmap
C GF H

4 (Full)

x

X

X

X

6

x

X

8

10

X [ X | X

12

X [ X [ X | X

22

XX | X [ X | X

23

X

24

30

31

32

33

34

35

XXX X[ X | X

X

50

x

51

XXX |X|X[X[X[X

XXX XXX |X[X

XX XXX [X|X[X|X[X[|X|X[X]|X|X

Table 1.6 — Stand Exam Models (N=17)

Model
Number*

Slope

Aspect

Elevation

Distance
to Stream

2 Stand Exam
C_GF H WP

TPHA

TPHA
23

TPHA
38

Stand
Exam
Size

5 (Full)

7

x

27

28

X | X | X | X

29

XX [ X [X

37

38

39

40

41

43

44

45

46

47

XXX [X|X[|X[X|X|X|X

48

XXX [X|X[X[X|X|X|[X]|X

X

X

49

XXX [X|X[X[X|X|X[X]|X]|X

X

XX XXX XXX XXX [X[X[X]|X]|X]|X

X

X

X

XXX |X|[X[X|X|X

*Models 1, 2, 3, 9, 11, 13, 25, 26,

36 and 42 vediminated from the analysis
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1.3.6. Analysis
| tested a variety of different models in eachhsf three categories with two different
methods. The first method utilized a “synoptic”aebapproach as outlined by Horne et al.
(2008) and Johnson et al. (2008). The second rdethiized a traditional simple logistic
regression approach to estimate resource seldatations (RSFs, Manley et al. 2002). |
wanted to compare the results and ease of usenarrapproaches like the synoptic model
to more traditional approaches like simple logistigression as alternative approaches to
identifying key environmental characteristics stddar avoided by Northern Pygmy-Owls.

The synoptic model (Horne et al. 2008) evalu#tesrobability of finding an
animal at a specific point on a habitat grid ofrpsithat encompasses the total area used by
the animal. The probability of use on the gird sumone and is termed the utilization
distribution function (UDF) or probability densitynction (PDF). Individual owls were
used as the sampling unit under this approach.

Central to the method is a null model of spacethiaedisplays how the animal
might use the area in the absence of habitat Magabi-or a territorial central place foraging
animal like the Northern Pygmy-Owl whose territes\often centered on a nest snag, this
might be a circular area around the nest as remiesdy exponential power model (Horn
and Garton 2006a) or a bivariate normal distribufidennrich and Turner 1969) that might
be skewed to a more elliptical distribution dug@lysical factors such as valley topography
or a linear stream course. Habitat covariatesrthght influence this null distribution are
then added to the model and actual locations otuseatilized to estimate selection

coefficients using maximum likelihood analysis (Heret al. 2008). For example, the
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Northern Pygmy-Owl is thought to prefer older fasef®r foraging (Giese and Forsman
2003).
The formulation of the synoptic model as outlingdHorne et al. (2008) and

Johnson et al. (2008) is:

fo(x) exp(B'H(x))
J,. fo(x) exp(B"H(x))

fu(x) =

where f (X )is the probability of use of location X,(x is)an available location's

probability of use under the null model (e.g., biate normal or exponential power) and

(p,) are estimated maximum likelihood coefficients déach predictive categorical or

continuous covariatéd#(x)).

The synoptic model generally works best with camtins variables, but categorical
variables can be utilized, if they are coded asris of “ones” and “zeros”, and each
category is identified as an individual variablehus, a point in the habitat grid is coded as a
“1” if the value is in the category, or as a “Q’itifis not in the category. The problem with
this is that if there are several categories, th&arge number of model variables are
required for the analysis. For example, | identifs@ven structural classes in the categorical
variable for stand structure. In order to cods thio the synoptic model | would need to
code seven variables into the model instead oftlesbne. Such a model would get heavily
penalized in the Akaike’s information criterion @\ Akaike 1973) that | used to evaluate
models. AIC penalizes maximum likelihood deviafere estimate of goodness of fit) as the
number of model parameters increase (Manley @0812).

To minimize this problem, | changed categoricalalaes for size class and canopy

closure into continuous ordered variables stafftiogn the lowest category to the highest.
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For example, | coded the categorical varidile Sizeto “0” for Non-forest areas1” for
Seedling/Shrub — Trees less than 2.5 cm DiameeadiHeight (DBH);2” for Sapling
2.5-12.6 cm DBH}3" for Pole 12.7-22.8 cm DBH}4” for Small Trees — 22.9-38.0 cm
DBH, “5” for Medium Trees - 38.1 — 53.2 cm DBH 4i6d for Large Trees-53:&m
(DBH). Vmap_Size(Coded 0-4) an¥map_Canopy (Coded 0-4) were treated similarly.
Note this assumes that selection for sizes of tobebgves in an ordered, linear manner of
preference and probability of use increasing orelesing with size class order. This is
exactly analogous to many non-parametric statisiess (i.e. Wilcoxon rank sum test,
Friedman, etc.) which convert continuous varialbbesanks and then perform standard
statistical tests assuming normality of the stiagstalculated from the ranks.

Since | only used one species group for the madetap C_GF_Hor
GF_C_H_WP)I only had to code these categorical variable®asr“1”. All other
variables (TPHA, TDTPHA23, TDTPHA38 TPHA, SLOPE, RECT, ELEV and
STRM_DIST) were continuous numerical variables.

For the logistic regression model, | selected agammon of known locations to
random points. | conducted the analysis at thes®sd range scale (Level 3 selection —
Johnson 1980) and used individual birds as the kagwnit. For each owl, | placed a 2500
meter radius circle around known owl locations ggime centroid of all known locations as
the center of the circle. | based the circle sia¢he largest observed distance between any
two known owl locations for an individual owl (468%eters). These circles contained all
known locations of each individual owl and my asption was that owls could move
distances defined by the circle to find resourd@scause of the nature of the study area, a

few circles extended outside of the study area natwby agricultural lands which
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contained little or no Northern Pygmy-Owl habit&/hen this happened | cropped the
circles to the study area.

For each individual owl, | selected the same nunatbeandom points within the
circle as the number of locations | had for that.owhus if | collected 35 locations on an
owl, I would generate 35 random points within tppm@priate circle. Thus availability for
each owl was defined as a uniform distribution\@ikable points for logistic regression. |
then conducted logistic regression on the varioadets using a “binomial” approach in
program R (Hosmer and Lemeshow 2000, UCLA 2013).

Although, | captured 26 owls (22 males and 4 fastluring the course of the
study, | only evaluated 16 owls (15 males and lalejrusing both methods since | did not
obtain enough locations to determine home rangefeizthe other owls (Table 1.7). |
assumed owls had been “adequately sampled” if mhare 29 locations had been obtained
(Marzluff et. al 2004, Garton et al. 2001 — Tablé)1 To identify the best model for all 16
owls, | added AIC values for all 16 individual owl$hus | treated the individual owls as
the sampling unit in an effort to identify thoseiahles that were most important to the
population. | then selected the models that haddwest added AIC in the physical,
remotely sensed and stand exam categories. la®upverall added AIC values for all
models. | evaluated the synoptic models sepgratded on whether the original null

model was based on the bivariate normal or the mpioal power model.
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Table 1.7 — Owl Capture Dates and Number of Locatios

Owl Sex Capture Date Last Days Number Fate or Nest
Season capture Location of
Locations

5 M  Spring 4/26/2007  8/08/2007 105 69 Nest

6 M  Spring 5/1/2007 5/3/2007 3 3 Mortality

7 M  Spring 5/3/2007 5/7/2007 4 3 Mortality

8 M  Spring 5/22/2007  7/17/2007 57 29 Nest Not Located
Mortality

9 M  Spring 5/23/2007  8/24/2007 94 37 Nest Not Located

10 M Spring 5/25/2007 8/23/2007 91 30 Non-Breeding?

18 M  Spring 3/21/2008  4/29/2008 40 25 Mortality

19 M Spring 4/11/2008 6/14/2008 65 38 Nest

20 M  Spring 4/15/2008  7/2/2008 80 44 Nest not located

21 M  Spring 5/12/2008  6/4/2008 24 13 Mortality

23 M  Spring 5/21/2008  8/1/2008 73 30 Non-Breeding?

24 M  Spring 5/27/2008 8/11/2008 77 41 Fledglings obser

25 F Summer 6/19/2008 9/06/2008 80 58 Nest (Mated Bir
19)

26 M  Summer 7/8/2008  9/20/2008 75 39 Nest not found

27 M  Summer 7/14/2008 9/26/2008 74 63 Fledglings
Observed

1 M Fall 9/28/2006 11/22/200656 31 Migrated?

2 M Fall 10/20/2006 1/16/2007 89 42 No Migration

3 F Fall 10/27/2006 12/8/2006 43 12 Mortality

4 M Fall 11/1/2006 11/27/200627 9 Migrated?

11 M Fall 9/18/2007  9/28/2007 11 7 Mortality

12 M Fall 9/20/2007 12/06/200778 38 No Migration

13 M Fall 10/ 2/2007 12/14/200774 38 Mortality

14 F Fall 10/9/2007 12/22/200775 10 Mortality

15 F Fall 10/23/2007 11/26/2007 35 17 Migrated?

16 M  Winter 1/24/2008  1/26/2008 3 2 Mortality

17 M  Winter 2/14/2008 4/25/2008 72 50 No Migration

*Note there is no owl 22 — (Escape during handling)
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| estimated mean selection coefficients for theypaon of Northern Pygmy-Owls
from which the owls were sampled by simply caldalathe mean and variance of selection
coefficients estimated by each of the three methotise following equation was utilized to
estimate population variance (Whér]e: the mean value of the selection coefficiefi§=

the value of the selection coefficient for avendn = the number of owls):

n

Var (,[?] (n—l Z ﬂl]

i=1

1.3.7 Nests

| located three nests during the study. Two o$éheests were associated with radio tagged
owls and one nest was found in 2009 after | coredleadio tracking. At each nest site, |
measured the diameter of the nest tree, heiglteohést tree, and height of the nest cavity.
Tree species and tree condition (dead or alivegwerorded for each nest tree. | recorded
the average conditions at each nest site incluslioyge, aspect, elevation, distance to the
nearest stream, and distance to the nearest tdadk densitometer readings (Lemmon
1957) using a spherical densitometer in four caidiirections at the base of the nest tree.

Several photographs were taken at each nest site.

| completed individual tree plots at each nest sitesed the nest tree as plot center
and counted all trees over 7.6 cm diameter breaght(DBH) on the plots. 1used a 10
basal area factor (BAF) prism to identify plot e two nests located in mature stands and
a 0.04 hectare fixed plot at one nest location liaatbeen previously harvested. | entered
all data in the Forest Vegetation Simulator (FVSreokston et al. 2003) and recorded

current year results for stand level parameters.
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1.4 Results

A total of twenty-six Northern Pygmy-Owls were oagtd during the study (Table 1.7), but
only sixteen of those owls had a sufficient numiifdocations (at least 29) to evaluate
seasonal home range and resource selection. Tére muenber of locations per owl for
these sixteen owls was 42 with a standard err@2aind a range of 29 to 69 locations
(Table 1.7). The remaining ten owls were eithst to predation (all due to larger raptors)
or exited the study area prior to the expectedrakipn date of the battery on their
transmitter. Where appropriate, | discuss spaeemsvements and habitat useall

twenty-six owls.
1.4.1 Acoustic Surveys

| completed acoustic surveys at 241 stations tHrougmost of the project area (Table 1.8
and Figure 1.3). Surveys were conducted in thmgmf 2006 (117 stations), the fall of
2006 (31 stations), the spring of 2007 (66 sta)iamsl the fall of 2007 (27 stations). |
could detect no significant difference (P=0.502B)asponse rates for the two different
spatial intervals between stations (Wilson 192 Avdmbe 1998a, Newcombe 1998b). |
generally had higher response rates in the fatig@tion = 0.328) than | did in the spring
(Proportion = 0.212), and this rate was almostiBgant at the 10% significance level (P=
0.1036). However, these results were confoundediffigrences in the dates of collection of
the spring data. The spring of 2007 data weresctdd earlier in the season (April”ifﬁ)

May 19") than the spring of 2006 data (May"t® June ¥). When the spring of 2006 data
(Proportion 0.265) is compared to the fall datagértion 0.328) the differences are not as

dramatic (P-Value = 0.493).
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Table 1.8 — Owl Calling Station Results

Number  Proportion Spacing Proportion Spacing  Proportion

of Positive 1609.3 m Positive 3218.6 m Positive
Stations (Positive (Positive
(Positive Response) Response)
Response)
Spring 117 (31) 0.265 117 (31) 0.265 - -
2006
(5/19/2006
to
6/2/2006)
Fall 2006 31 (11) 0.355 - - 31 (11) 0.355
(9/20/2006
9/22/2006)
Spring 66 (10) 0.152 10 (2) 0.200 56 (8) 0.143
2007
(4/13/2007
to
5/19/2007
Fall 2007 27 (8) 0.296 27 (8) 0.296 - -
(9/24/2007
to
10/2/2007)
Total 241 (60) 0.249 154(41) 0.266 87 (19) 0.218

1.4.2 - Seasonal (Home) Ranges

Using traditional methods, the home range modéi wie lowest CVC score was either the
adaptive kernel (8 owls) or the fixed kernel (7 swiTable 1.9). The two-mode-bivariate
circle had the lowest CVC score for owl ten and tiiessecond best model for owls thirteen

and nineteen. CVC values for all three modelsifada kernel, fixed kernel, and
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Table 1.9 — Seasonal Range Model Cross-Validatiorri@rion (CVC) Scores
(Does not include synoptic model)

Northern Best Model CvC Next Best CcvC

Pygmy- Owl Model

Number

(Number of

locations)

1 (31) Adaptive Kernel 772.2 Fixed Kernel 788.2

2 (42) Adaptive Kernel 1236.5 Fixed Kernel 1245.3

5 (69) Fixed Kernel 1866.8 Adaptive 1877.8
Kernel

8 (29) Fixed Kernel 741.2 Adaptive 744.0
Kernel

9 (37) Fixed Kernel 1019.7 Adaptive 1021.5
Kernel

10 (30) Two Mode 926.0 Adaptive 928.0

Bivariate Circle Kernel

12 (38) Adaptive Kernel 1072.7 Fixed Kernel 1075.1

13 (38) Adaptive Kernel 1103.1 Two Mode 1103.9
Bivariate Circle

17 (50) Adaptive Kernel 1449.1 Fixed Kernel 1460.0

19 (38) Adaptive Kernel 997.6 Two Mode 1006.9
Bivariate Circle

20 (42) Adaptive Kernel 1213.8 Fixed Kernel 1219.6

23 (30) Fixed Kernel 934.7 Adaptive 934.8
Kernel

24 (41) Adaptive Kernel 1272.7 Fixed Kernel 1277.8

25 (54) Fixed Kernel 1495.4 Adaptive 1497.4
Kernel

26 (39) Fixed Kernel 1161.1 Adaptive 1162.5
Kernel

27 (63) Fixed Kernel 1828.5 Adaptive 1836.5

Kernel
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two-mode-bivariate circle) were very close for dglilteen (Range 1103.1 to 1104.1), but
had a wider range (difference > 5) for owls ten ametteen. CVC and AIC values
suggested the two-mode-bivariate model was not etitrye for any of the remaining owls
and that there were no other competitive modeféefénces all exceeding 4). AIC values
generally tracked well with CVC values, but coulnt be used for kernel methods. For
example, when the two-mode-bivariate circle moodas$ welected as the number 1 or 2

model, it always had the lowest AIC of the othempeting models.

The best synoptic model as identified by the ldwetsl AIC for all 16 owls was
model forty-nine (Table 1.6). The model formulatior this model is discussed more

thoroughly in the habitat analysis section andudek the following parameters:

Model 49 - Wx =g+ f1*(Aspect) + f-*(Elevation) + f3*(Stream Distance) +f,*(Trees
per Hectare) +ps*(Trees per Hectare over 23 cm DBH) 6s*(Trees per hectare over 38

cm DBH) + g7*(Stand size class)

Synoptic model forty-nine was an improvement abernull bivariate normal model
for all owls, but it did not offer any improvemeamter the null exponential power model for
five owls (Table 1.10). The distribution of logats for these five owls had a circular
pattern that was best represented by the expohpotiger model. AIC values for the other
eleven owls were significantly lower (Delta AIC gter than 2) than the null models. In six
cases the synoptic models that used the bivar@taal null model as the initial starting
point had the lowest AIC (Table 1.10). The disttibn of locations for these owls generally

had a more linear distribution that often occumatmhg streamside riparian areas. Owl 19
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Table 1.10 — AICs and Delta AICs of the Best SynojgtModel Compared to Bivariate
Normal and Exponential Power Null Models

Oowl Bivariate Bivariate Exp. Exp. Synoptic Synoptic Synoptic Synoptic

Number Normal - Normal - Power - Power- BVN49 BVN 49 Exp.49 Exp. 49
Null Null Null Null (AIC) (Delta (AIC) (Delta
(AIC) (Delta (AIC) (Delta AIC) AIC)

AlC) AIC)

1 817.3 42.4 816.0 41.1 782.1 7.2 774.9 0

2 1294.8 44.3 1325.1 746 125058 O 1262.8 12.3

5 2170.5 188.6 2090.8 108.9 19819 O 2103.6 121.7

8 858.7 68.9 853.1 63.3 789.8 0 837.6 47.8

9 1064.1 34.5 1138.6 109.0 10296 O 1049.3 19.7

10 951.7 14.7 9370 0 943.6 6.6 951.1 14.1

12 1122.4 34.5 11354 475 1099.8 11.9 10879 0

13 11171 11.0 1106.f 0 1110.0 3.9 1106.7 0.6

17 1492.2 315 1503.9 43.2 1460.7 0 1487.9 27.2

19 1038.1  34.5 10106 7 1003.6 0 1003.6 0

20 1390.7 58.8 13319 0 1366.6 34.7 1343.6 11.7

23 966.9 1.9 967.1 2.1 971.0 6.0 965.0 0

24 1275.0 44.9 1230.1 0 1270.8 40.7 1244.0 13.9

25 1728.7 10.5 1752.2 34.0 17182 O 1766.2 48

26 1181.5 4.8 1190.2 135 1182.4 57 11767 0

27 1821.7 14.3 1807.4 0 1824.3 16.9 1810.3 2.9

Total 20291.3 640.1 20195.6 544.2 19784.9 133.6 19971.0 319.9

1 - Model with the lowest AIC and Delta AIC for daindividual owl

2 — Model with the lowest total AIC and Delta Al@rfall owls
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had the same AIC value for both of the models ¢itaer started with the bivariate normal
and the exponential power null models. The sywaptdel that initially used the
exponential power null model as a starting poirat thee lowest AIC for the remaining four
owls (Table 1.10). Total AIC values for all 16 @wlere the lowest for the models that used

the bivariate normal null model as a starting p6irable 1.10).

The results from the traditional home range apghiea (Best model - Mean size
275.8 + 218.5 hectares) and the synoptic modela(Méze 306.0 £ 221.6 hectares) were

similar (Table 1.11).

The different home range models predicted widelywmg shapes and sizes for the
seasonal home ranges. This can be seen in Fitjdres1.8 which display the results of
applying different home range methods to the saisteltlition of locations for owl ten.
While the different methods produced differentulttions as illustrated by the displays for
owl 10, overall model trends generally had simflatterns. For example, birds that had the
largest home range with one method had the lafgeae range with the other methods

(Table 1.11).

Horne and Garton (2006a) suggested that the™heste range model could be
selected by using an information-theoretic approaidiey suggested that the Likelihood
Cross-Validation (CVh) was a better method for st the smoothing parameter in kernel
analysis than the Least Squares Cross-Validati®&C{h) method for small sample sizes
less than fifty (Horne and Garton 2006b). Thisastigation generally supports those

conclusions (12 of 16 cases), but suggests thedad deal of caution is needed in selecting
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Table 1.11 — Home Range Size in Hectares for VaristHome Range Methods

Northern 95% 95% 95% 95% 95% 95% Best 95%
Pygmy-  Fixed Fixed Adapt. Adapt. MCP MCP  Model (Synoptic
Owl Kernel Kernel Kernel Kernel (Area  (Fixed (CVC Model -
Number (CVh) (LSCVvh) (Cvh) (LSCVh) Added) Mean) and BVN-49)
(n) (Ha CVh)
1 (31) 31.0 22.9 50.9 30.7° 21.4 23.1 50.9 35.9
2 (42) 309.9 104.0 395.1 1295 220.1 219.8 395.1 347.9
5 (69) 97.1 50.3 132.6 64.9 330.1 3373 97.1 335.1
8 (29) 40.6 43.2 45.2 48.2 76.7 86.2 40.6 81.7
9 (37) 105.8 90.1 123.7 105.6 69.9 84.8 105.8 105.6
10 (30) 900.8 301.3 1131.6 400.7 402.3 482.8 830.5 628.2
12 (38) 132.7 116.3 141.7 125.0 107.8 114.6 141.7 1715
13 (38) 319.5 198.6 3954 2784 138.7 170.4 3954 221.2
17 (50) 287.9 131.5 330.2 169.2 149.6 149.6 330.2 228.0
19 (38) 122.6  48.4 168.2 73.7 54.7 66.4  168.2 68.0
20 (44) 234.4 55.4 3055 69.6 396.0 293.3 305.5 550.9
23 (30) 623.5 488.4 688.7 550.4 371.3 3819 6235 817.3
24 (41) 2779 53.0 360.0 68.8 166.3 166.3 360.0 502.3
(819.6Y (918.3Y
25 (58) 126.2 35.9 147.2 42.2 126.3 133.0 126.2 269.7
26 (39) 328.3 280.3 368.1 325.9 180.0 192.4 328.3 350.1
27 (63) 113.2 67.6 120.9 74.2 92.8 87.2 113.2 182.0
Mean 253.2 130.5 306.6 159.8 181.5 186.8 275.8 306.0
Standard 228.0 127.5 277.3 150.7 126.2 127.2 2185 221.6
Deviation

1 - Best model is Two-Mode- Bivariate Circle — 98%ntour = 830.5 Hectares
2 - Effect of a single “outlier” on the home rargjee, smoothing factor changes from
434.635 to 148.708 when this location is dropped
3 - Models that LSCVh smoothing factors may bedydtian CVVh smoothing factors

Bold highlights suggest the best models based o8 €&lues and CVh Smoothing Factors
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appropriate home range model. | display one exalfigire 1.6) where the Least Squares
Cross-Validation method may actually give a moesomable estimate of home range size.
In this case the distribution more tightly corresge to the areas actually used by owl 10,
and excludes larger areas that appear to have &odeel distribution when the (CVh)
smoothing factor is utilized (Figure 1.5). Thisaexple illustrates how kernel estimates are
very sensitive to smoothing factor selection (Ha2086b) and | found that outlying
locations or shifts in areas of use can dramagicafluence both the smoothing factor and
resulting home range output (Table 1.11 - Figurdsli8). The synoptic model approach

does not require selection of smoothing factors.

| did not have enough data to document shifts acspse by season. Winter
observations only included one owl (Owl 17) andedldnces in seasonal range size or
habitat use were not apparent. Owl 17 had a ws#gasonal range of 330.2 hectares as
measured by the adaptive kernel method (CVh smiogtlaictor) and 228.0 hectares as
measured by the synoptic model. These valuesoanparable to seasonal ranges of the

other fifteen owls that had enough radio locatitmevaluate space use (See Table 1.11).

With the possible exception of non-breeding mai@g observations did not
suggest significant differences in space use @rdiimes of the year (spring, summer and
fall). Owls generally used similar habitats and kBamilar sized seasonal ranges during
these seasons (Table 1.11). A few male owls (Ne&&)were thought to be non-breeding did
appear to have larger home ranges than breedirgsr{fdt6) in the spring (Table 1.12), but

the sample size is small. A larger sample sireeesled to better test this hypothesis.



Table 1.12 — Space Use by Male Birds During the Beding/Nesting Season (N=8)

Bird # Nest Home Range (BesUsed Area Breeding Synoptic Used Area Movement After Breeding
Model -Hectares) Season (Hectares) Model Synoptic  Season
(Hectares) Model
5 Confirmed 97.1 68.9 335.1 165.8 Yes —3.2 Km
8 Suspected 40.6 334 81.7 499 Yes—1.5Km
9 Suspected 105.8 58.5 105.6 47.7 Yes—1.9 Km
19 Confirmed 168.2 Same (168.2) 68.0 Same Unknown?? — Battery
(68.0) failure just prior to young
fledging
20 Prey 305.5 206.3 550.9 285.9 Yes-3.2Km
Returns
24 Fledglings 360.0 Same (360.0) 502.3 Same Yes — Only one Location -
(502.3) 2..7 Km
Average — 179.5 149.2 273.9 186.6 2.5Km
Breeding Males
Standard 126.6 123.4 219.2 180.0 0.77
Deviation
10 Non- 830.5 Same 628.2 Same No
Breeding?
23 Non- 623.5 Same 817.3 Same No
Breeding?
Average — Non 727 722.8
Breeding Males
Standard 146.4 133.7
Deviation

()%



Figure 1.4 — Estimated Probability Distribution for Owl 10 Based on Two-mode Bivariate Circle
Showing 50/75/90/95% Probability Contours with a 986 Probability Area of 830.5 Hectares
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Figure 1.5 — Estimated Probability Distribution for Owl 10 Based on Adaptive Kernel (CVh)
Showing 50/75/90/95% Probability Contours with a 986 Probability Area of 1131.6 Hectares
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Figure 1.6 — Estimated Probability Distribution for Owl 10 Based on Adaptive Kernel (LSCVh)
Showing 50/75/90/95% Probability Contours with a 986 Probability Area of 400.7 Hectares
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Figure 1.7 — Estimated Probability Distribution for Owl 10 Based on Minimum Convex Polygon (Fixed Megn
Showing 50/75/90/95% Probability Contours with a 986 Probability Area of 482.2 Hectares
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Figure 1.8 — Estimated Probability Distribution for Owl 10 Based on BVN Synoptic Model 49
Showing 50 and 95% Probability Contours with a 95 %Probability Area of 628.2 Hectares
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1.4.3 Spring/Summer Movements

Twelve male owls were trapped during the springtireg season. Three additional owls
(two males and one female) were trapped in they sarhmer just after fledglings had left

the nest (Table 1.7). | was able to measure sehsange size for eleven of these owls.
These owls generally did not make long movemenés the course of the spring and
summer and nine of the eleven owls had an aver@geuse area of less than 76 hectares (as
measured by the 75% contour with the best traditibome range methods). Two owls (10
and 23) appeared to be non-breeding males andhladtkarge core use areas (average size
266 hectares as measured by the 75% contour).ag\bden previously discussed, these
owls had the largest seasonal ranges (Table 1nbiljhair location distribution included

more outlying locations.

Other observations suggested that breeding mdkeraay be making a shift in their
seasonal range after the breeding season. Oixtihds that were thought to be nesting
during the study, four birds moved from their negtierritory to a completely different area
following the breeding season (after dispersahefytoung). A fifth bird moved on the last
day he was located and just after fledgling diseisut only a single location was obtained
on him in the new area. The average distance moyeldese males was 2.5 kilometers

(Table 1.12).

1.4.4 Fall/Winter Movements
In this study | captured nine owls in the fall aiotlowed those owls into the early winter
(December and January — Table 1.7). Of thoss,amle was lost to another raptor prior to

the onset of winter. Three others were lost teotlaptors but stayed on their fall range



47

until December when they were located as mortaliti@wo remained on their fall range
into December and early January when their trartentiatteries appeared to expire. Three
owls either left their fall seasonal range arout@niksgiving (two in 2006 and one in 2007)
or had premature battery failures. There was apmrately 35 cm of snow on the ground in
2006 when the first two birds exited from theid f@nge. In 2007, there was only about 15
cm of snow. All three of these owls should havd kaveral weeks of battery life on their
transmitters, but despite extensive ground seagchithin and outside of the study area
none of these three owls could be relocated. Fgndias not sufficient to allow for aerial
searching.

Only two owls were trapped in the winter (Tablé)land one of those owls
succumbed to a raptor attack and was lost shdtty eapture. That owl was captured in a
relatively low elevation area (641 meters) whick habitat that was warmer and drier and
had less accumulation of snow than most of therathgture sites. The second owl was
captured in habitat that was similar to those olsavat were captured in other seasons.
Locations for this owl had a mean elevation of 88ters and ranged in elevation from 871
to 1154 meters. Non-winter capture sites had a rkasmtion of 944 meters and a standard

deviation of 88 meters. They ranged in elevatromf799 to 1198 meters.

1.4.5 Daily Movement Patterns

| followed several owls throughout the day and hayhd recorded observations on their
daily movement patterns. Owls were generally racsite just after dawn and late in the
evening and often were heard calling at these tinheften observed movements in the
early morning hours. During the day owls did ngbegr to move a great deal, but were

observed to dive after prey when presented witbpportunity. | detected no movement of
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owls during the night and my observations sugdestforthern Pygmy-Owls are generally

diurnal.

1.4.6 Response to Disturbance

During my monitoring of radio tagged Northern Pyg@wils, | noted very little reaction to
my presence near the owls. While | never triedisturb them and generally tried to
minimize noise and movement, it is likely that ltibe seen by some of the owls. One
notable exception occurred one morning when | waasking owl ten near an active timber
sale. | was in a forested area where | could eetasgreat distance and had just located owl
ten. It was quiet and | had not heard any loggictivity that day. All of a sudden, | heard
the startup of some feller-buncher logging equipnveny near to my location. The noise
was very loud and the crashing of nearby treesbamsh made for a very notable event
which scared me as much as it likely did ow! t&ath | and owl ten quickly exited the

area. He made a beeline away from the loggingicand | finally located him 1387

meters away about two hours later.

1.4.7 Habitat Selection

Overall habitat characteristics of the study areadssplayed in Appendix B. In this
appendix | summarize several habitat variablesiferportion of the study area that was
considered available to Northern Pygmy-Owls and man® these data to habitat data for all
used radio locations. These data are intendet/¢otige reader a sense of the available
habitat in the study area and locations being byadorthern Pygmy-Owls. A review of
Appendix B should also help the reader better wstded the model results described in this

section the limitations of the data used to devéhgse models.
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The results of the habitat analysis are presentd@lbles 1.13 to 1.15. AIC values
are displayed by the three previously describedehcategories and include results for both
the synoptic method (bivariate normal and expom¢ptwer initial null models) and
logistic regression. AIC values are shown fodallexamined models (eight based on
physical parameters — Table 1.13, sixteen basgdhgsical and remotely sensed vegetation
parameters (US Forest Service - Vmap) — Table dntdseventeen based on physical and
stand exam parameters - Table 1.15). Overalldhesynoptic model with the lowest AIC
was bivariate normal model 49. This model was thasethe following physical and stand

exam parameters:

Model 49 - Wx =f+ f1*(Aspect) + g-*(Elevation) + f3*(Stream Distance) +£,*(Trees
per Hectare) +ps*(Trees per Hectare over 23 cm DBH) 8¢*(Trees per hectare over 38

cm DBH) + g7*(Stand size class)

Models 5 and 43 were the top logistic regressiodetso(Note that AIC values for
the logistic regression method are not directly parable to AIC values for the synoptic
method), with both models having essentially thees&IC value (Table 1:15). Models 5
and 43 include all of the same parameters as nd&jddut differ by the addition of the
“Slope” parameter in model 43 and both “Slope” #melspecies parameter “GF_C _H_ WP~
in model 5. Model 5 is the “full” model that incdes all of the analyzed stand exam

parameters.

Model 5 - Wx =y + p1*(Slope) +p2*(Aspect) + gs*(Elevation) + g4*(Stream Distance) +
Ps*(GF_C_H_WRP) + fs*(Trees per Hectare) +f,*(Trees per Hectare over 23 cm DBH)

+ ps*(Trees per hectare over 38 cm DBH) $y*(Stand size class)



Table 1.13 — Comparison of the Best Overall Physit&odels for Sixteen Owls Based on Delta AIC Valuefr the BVN
Synoptic, Exponential Power Synoptic and Logistic Bgression approaches

Model Delta AIC Delta AIC Delta AIC Variable 1 Variable 2 Variable 3 Variable 4
(Synoptic - (Synoptic—  (Logistic
BVN) Exp. Power) Regression)2

20°(Full_Physical) 100.1 216.3 156.4 Slope Aspect Elev. STRM_DIST

19 124.9 205.7 191.4 Aspect Elev. STRM_DIST

18 175.9 230.6 185.0 Slope Elev. STRM_DIST

16 191.3 217.9 218.9 Elev. STRM_DIST

17 206.8 256.2 249.8 Slope Aspect STRM_DIST

15 235.9 242.4 287.2 Aspect STRM_DIST

14 291.3 275.5 291.6 Slope STRM_DIST

21 303.1 258.3 324.4 STRM_DIST

1 - The full bivariate normal model 20 had the &€l value of the physical models, but overall gig/sical models had higher AICs
than the models which added vegetation variablEse synoptic models are compared to the best signimpariate model 49 which
had a total AIC value of 19784.9

2 -The scale of AIC values for the logistic regressnodels are different than those displayedHerdynoptic models and should not
be compared directly. Logistic regression modetscampared to the best logistic regression mo8elldich had a total AIC value
of 1418.4

0§



Table 1.14 — Comparison of the Best Overall RemotelSensed Vegetation (Vmap) Models for Sixteen OwBased on Delta
AIC Values for the BVN Synoptic, Exponential PowerSynoptic and Logistic Regression Approaches

Model Syn. Syn. Log. Variable 1 Variable 2 Variable 3 Variable 4 Variable 5 Variable 6 Variable 7
BVN Exp. Reg.

35 74.6 202.3 1163 Slope Aspect Elev. STRM_DIST Vmap_Canopy Vn@&GF

33 77.3 216.5 102.0 Slope Aspect Elev. STRM_DIST Vmap_Size Vmap_Canopy

31 78.2 232.2 120.5 Slope Aspect Elev. STRM_DIST Vmap_Canopy
4 (Full 87.7 196.5 89.5 Slope Aspect Elev. STRM_DIST Vmap_Size Vmap_Canopymap_C_GF
Vmap)

32 93.2 195.3  142.7 Slope Aspect Elev. STRM_DIST Vn@&pGF

34 95.3 197.3 96.6 Slope Aspect Elev. STRM_DIST Vmape S Vmap_C_GF

50 97.5 206.4 150.5 Aspect Elev. STRM_DIST Vmap_Canopy

51 98.0 200.3 1293 Aspect Elev. STRM_DIST Vmap_Size Vmap_Canopy

30 109.3 234.4 1129 Slope Aspect Elev. STRM_DIST Vn&ipe

6 125.7 226.5 180.6 Slope Aspect STRM_DIST Vmap_Size Vmap_Canopy Vmaiie

8 1715 219.5 203.2 Slope STRM_DIST Vmap_Size Vmap_Canopy Vmap_C_GF

10 188.1 196.5 220.0 STRM_DIST Vmap_Size Vmap_Canopy Vmap_C_GF

23 224.1 246.0 2743 STRM_DIST Vmap_Canopy

12 231.4 221.8 245.8 STRM_DIST Vmap_Size Vmap_Canopy

24 2345 2111 277.2 STRM_DIST Vmap_C_GF

22 278.8 2385 261.8 STRM_DIST Vmap_Size

TG



Table 1.15 — Comparison of the Best Overall StandX¥am Models for Sixteen Owls Based on Delta AIC Vaks for the BVN
Synoptic, Exponential Power Synoptic and Logistic Bgression approaches

Model BVN Exp. Log. Variable 1 Variable 2 Variable 3 Variable 4 Variable 5 Variable 6 Variable 7 Variable 8 Variable 9
49 0.0 186.1 Regil.Z Aspect Elev. STRM_DIST TPHA TDTPHA23 TEHA38  HJ_Size

43 19.1 226.3 00 Slope Aspect Elev. STRM_DIST TPHA TDTPHA23  TDTPHA3 HJ_Size

47 27.3 196.7 44.3  Slope Aspect Elev. STRM_DIST TPHA J_S6ize

48 33.8 184.4 66.3 Aspect Elev. STRM_DIST TDTPHA23 HHA38 HJ_Size

O5(Full) 38.1 143.4 0.1 Slope Aspect Elev. STRM_DIST GF_OMR_  TPHA TDTPHA23 TDTPHA38 HJ_Size
46 51.2 211.3 45.7  Slope Aspect Elev. STRM_DIST TDTREA HJ_Size

41 55.6 176.7 101.2  Slope Aspect Elev. STRM_DIST HdeSi

44 63.0 195.0 46.4  Slope Aspect Elev. STRM_DIST TDTREA TDTPHA38 HJ_Size

07 68.4 225.6 56.8 Slope Aspect Elev. STRM_DIST GF_OMmp TDTPHA23 TDTPHA38 HJ_Size

45 74.7 189.0 81.9 Slope Aspect Elev. STRM_DIST TDTREA HJ_Size

39 91.8 185.0 123.4  Slope Aspect Elev. STRM_DIST TDRRBI

37 95.4 207.1 158.8 Slope Aspect Elev. STRM_DIST GHONP

40 95.6 170.6 124.6  Slope Aspect Elev. STRM_DIST TDRBB

38 104.8 196.0 104.2 Slope Aspect Elev. STRM_DIST TPHA

27 215.9 200.5 206.5 STRM_DIST GF_C_H_ TDTPHA23 HJ_Size

28 236.4 231.7 269.9 STRM_DIST WF()SF_C_H_ HJ_Size

29 2437 224.2 2579 STRM_DIST WT—IJ_Size

1 - The best overall synoptic model (BVN 49) hadtal AIC of 19885 for all 16 owls. Note the diféace in scale between the
synoptic models and the logistic regression moddfS.values for the synoptic model are generallytifr@es those of the logistic
regression models

2 - The best overall logistic regression model (B¥3) had a total AIC value of 1418.4 for all 16 ewl

[AS]
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Model 43 - Wx =g+ f1*(Slope) +f-*(Aspect) + fs*(Elevation) + f,*(Stream Distance)
+ ps*(Trees per Hectare) +fs*(Trees per Hectare over 23 cm DBH) +
pr*(Trees per hectare over 38 cm DBH) #s*(Stand size class)

In comparing the results of the synoptic analysth the logistic regression analysis,
| found that while the order of the models wasedi#ht based on AIC values both methods
essentially identified the same top models. Fangxe, four out of the five top synoptic
models 49, 43, 4748 andb) also occurred in the five top models in the lagisegression
(43, 5, 49, 47and 46). Models are listed from lowest to highted§l values respectively.

The physical models did not perform as well asnioelels that included the
vegetation parameters and the stand exam modetsaiigroutperformed models based on
remotely sensed vegetative data. For exampledbiesynoptic physical model (BVN-
Model 20) had a Delta AIC value of 100.1 which gldat below eight of sixteen remotely
sensed vegetative (Vmap) models and all but fotin@keventeen stand exam models.
Model 20 (the full physical model) was also theth@s/sical model as determined by
logistic regression.

Model 20 =Wx = o+ p1*(Slope) +p.*(Aspect) + Bs:*(Elevation) + g4*(Stream Distance)

Overall the models with the lowest AIC were the mlsdased on the stand exam
information. These models generally outperformediats that were based strictly on
physical parameters or remotely sensed vegetatitm(¥map). Of the 41 models that were
examined in the analysis using the synoptic methedop nine models (Lowest Delta AIC)
were all stand exam models (Tables 1.13, 1.14 dtfs).1 This also held true for the logistic
regression, where the top nine models were alsedoais stand exam information (Tables

1.13,1.14 and 1.15).
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The models based on the stand exam vegetatiorhddtwer AICs than either the
physical or Vmap models. For example, the besidstéxam synoptic model (BVN Model
49) had a Delta AIC of 0.0 as compared to the mabtely sensed Vmap model (BVN
Model 35) which had a Delta AIC of 74.6. This veadifference of 74.6 or an average of
4.66 for the individual owls. Results were simiiar the logistic regression with the best
stand exam logistic regression model (Model 43Virttaa Delta AIC of 0.0 compared to a
Delta AIC of 89.5 or 5.6 per individual owl for thest remotely sensed vegetative logistic
regression model (Model 4). Models with differemae AIC values greater than 2.0 are
considered to be statistically significantly diet at least the 0.05 level (Burnham and
Anderson 2002). This suggests the stand exam madela significant improvement over

both the remotely sensed vegetative models anghy&cal models.

Adding remotely sensed vegetative data variablesdgetation to the physical
model improved the AIC values over that of the p¢tglsmodel alone. The best remotely
sensed synoptic model (BVN-Model 35) had a Delt@ Aélue of 74.6 as compared to the
best synoptic physical model (BVN-Model 20) whicdhan AIC value of 100.1. This is an
average difference of 1.6 for the individual owl$he results for the logistic regression
models suggest a significant difference betweemphysical and remotely sensed data. The
physical logistic regression model which had thedst AIC was also Model 20 which had a
Delta AIC value of 156.4. This compared to thetlbesotely sensed vegetative model as
determined by logistic regression (Model 4) whiett la Delta AIC value of 89.5. This is

an average difference of 4.2 for the individual @wil

Again there were differences between the best relgneensed models (lowest Delta

AIC) as determined by the synoptic and logistiaesgion approaches. The best model in
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the remotely sensed vegetative group as deternbiypdiae synoptic approach was BVN-

Model 35.

Model 35 - Wx =g+ f1*(Slope) +p-*(Aspect) + ps*(Elevation) + g,*(Stream Distance)

+ ps*(Vmap_Canopy) + f#s*(Vmap_GF_C)

The best model as determined by logistic regressi@s model 4, which differs from

model 35 by the inclusion of the term for vegetatsize class.

Model 4 - Wx =y + p1*(Slope) +p2*(Aspect) + gs*(Elevation) + g4*(Stream Distance) +

ps*(Vmap_Size) +ps*(Vmap_Canopy) + g7 *(Vmap_GF_C)

Again there was general agreement in the remst2iged vegetation top models as
determined by synoptic model and logistic regressi@thods. The synoptic approach
identified Models35, 33, 31, 432 and34 as the top six remotely sensed vegetative models
(respectively). The logistic regression methoaditdees 4, 34, 30,33, 35and31 as the top
remotely sensed models (respectively). Added Ad{ties were very close for each of the
individual methods. The total difference betwedesa top six BVN synoptic models was
20.7, which is an average difference of 1.3 fordixéeen individual owls used in the
analysis (Table 1.14). Similarly, the differenagvleeen the top six logistic regression
models was 31.0 which is an average difference®fdr sixteen individual owls used in
the analysis (Table 1.7). Models with differenoesIC values less than 2.0 are considered

not statistically different (Burnham and Anders@92).

The parameters in the top six Vmap models were sienjlar. All six models
incorporated the four physical parameters (SLOPERECT, ELEV, and STRM_DIST)

and various combinations of the three Vmap paramétémap Size + Vmap_Canopy +
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Vmap_C_GF_H). Model 4 is the full Vmap model anthnked 4 among the synoptic
models and %tamong the logistic regression models. In mode|s33, 32, 33 and 35 one or
more of the Vmap parameters is dropped (Table 1.14)

The synoptic model that started with the BVN nutidel had the lowest added AICs
for all model categories (Physical, Vmap and St&xam) and generally outperformed
(Lower AICs) the synoptic exponential power modelthe overall population. However,
this was not the case for individual owls. Theangntial power model often had the lowest
AIC for almost half of the individual owls. Inast cases, the model that proved to be
“best” could be seen by looking at the distributafrthe locations prior to running the
model. Several owls appeared to have seasonasdhgt were being influenced by stream
courses and valley topography. In those casegWhNemodel generally had the lowest
AIC. Topography and the influence of stream cesingere generally less distinct for those

owls where the synoptic exponential power modelthadowest AIC.

Tables 1.16-1.21 display the individual resultstfar best models in each category
and they include the “full” model in each categoModel coefficients are shown for both
the bivariate normal synoptic and the logistic esgion methods. | display both the
standard error and P-values for each parameteringbd individual models. | note

parameters that are significant at P <= 0.05 ard B.01

All of the best models of resource selection sugtied Northern Pygmy-Owils
strongly select habitats near streams within tihepséed range. Distance to stream was a
significant parameter in all of the top modelse@daurce selection regardless of what
physical and vegetation parameters were includéldeimodels (Tables 1:16-1:21). This

parameter was generally significant at P <= 0.@04dllimodels suggesting it is an extremely
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important factor in pygmy-owl habitat selection it the study area. Strong selection for
streamside areas was demonstrated with both tlopsgrand logistic approaches.

The second most important selection parameter arastfstand size class. Northern
Pygmy-Owils tended to select habitats in older nmoa¢ure stands in the study area. This is
consistent with past studies, (Giese and Forsm@8,2Zeater et al. 2006) where researchers
found greater use of older late successional fereStand size class was a significant
parameter (P<0.01) in all of the best stand exametsqTables 1:19, 1:20 and 1:21). It was
also significant (P<0.01) in the best remotely sengmap synoptic model (Model 4). The
importance of this parameter appears to have oadosted all other vegetation variables in
the stand exam models, since the only other vagetaarameter to show some level of

significance was trees per hectare over 23 cm DBH.

Trees over 23 cm DBH appears to have a statistisgjhificant negative influence
on Northern Pygmy-Owl habitat selection (Table®9%:1:21) in the logistic regression
stand exam models, but not in the synoptic staathexodels. This same negative trend is
seen in total trees per acre, but this parametestistatistically significant in any of the best
models. Northern Pygmy-Owls appear to select @gerclass stands as evidenced by the
strong selection in larger stand size classes asitiye selection for trees over 38 cm DBH
in all models except the logistic regression mddei/-three. Logistic model forty-three
has a P-level of 0.98 for this parameter and elyikot representative of the positive trend
seen in all of the other stand exam models fontiaber of trees over 38 cm DBH. When
avoidance of stands with high numbers of smalktiess than 23.9 cm is coupled with the

strong association with larger size classes, thalteesuggest that Northern Pygmy-Owls are
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avoiding stands with high numbers of young treesselecting stands with more open

understories and larger trees commonly associaithdolder stands.

The best remotely sensed vegetative models (Mddaitsl 35) suggest that higher
canopy closure and moister species groups likedgiigrcedar and white pine are selected
in the study area. Both parameters were statilstisiginificant at the P < 0.1 levels (Tables
1:17 and 1:18). The stand exam models did notrpurate crown closure since it was
highly positively correlated with stand size classhe stand exam data. The addition of
moister species groups did lower AIC values indtaxam model five (Table 1:19), but this
parameter was not statistically significant. Maigécies groups did not influence model
forty-three (Table 1:20) or model forty-nine (Talil1). These two models were the best

stand exam models and best overall models.

Topographical features such as slope, aspect amdtgn were important in the
physical models and when the data is analyzedtiwéhogistic regression approach. All
models suggest that Northern Pygmy-Owls are usiwgt elevations, more northerly
aspects and steeper slopes than those currentlgldgan the study area. These parameters
are more statistically significant P < 0.05 in fitg/sical and remotely sensed models and
less statistically significant in the stand exandels. The comparison of random points to
used points suggests an average slope of 24.9% flopandom points compared to 26.1%

for used points (Appendix B).

Slope, aspect and elevation also appear to be statistically significant when the

logistic regression approach is utilized.



Table 1.16 —Estimated Coefficientsf) of Physical Model 20
(Best Physical Model Using the BVN Synoptic and Lagtic Regression Approaches)
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Parameter BVN 20 BVN 20 BVN 20 Log - 20 Log - 20 Log - 20

» SE) P-Value (p) SE (EQ 2) P-Value

(EQ 2)
(Intercept) 5.1619390 4.23495 0.24170
Slope 0.028 0.693 0.96814 0.0329938  0.01063 0.00730**
Aspect -0.556 0.381 0.16535 -0.0037698  0.00117 0.00560**
Elev. -2.962 1.673 0.09696* -0.0047577 0.00445 0.30230
STRM_DIST -4.059 0.800 0.00014** -0.0096755 0.00197 0.00020**
** Parameters in Tables 1.16 thru 1.21 which agaificant at P<=0.05
* Parameters not significant at P<=0.05 but wlaoh significant at P<=0.1
Table 1.17 —Estimated Coefficientsfl) of Vmap Model 4
(Full Vmap Model and Best Model Using Logistic Regession)
Parameter BVN- BVN-4 BVN-4 Log-4 Log -4 Log -4
4 SE P-Value () SE P-Value
®)

(Intercept) 5.193 4.25547 0.24120
Slope 0.128 0.657 0.84766 0.029 0.01045 0.01470**
Aspect -0.519 0.332 0.13813 -0.004 0.00116 0.00450**
Elev. -1.173 1.540 0.45805 -0.007 0.00453 0.16410
STRM_DIST -4.106  0.895 0.00036** -0.010 0.00255 0.00160**
Vmap_Size 0.764 0.306  0.02485** 0.317 0.32303 0.34260
Vmap_Canopy 0.476 0.271  0.09963* 0.260 0.09491 0.01510**
Vmap C GF H 0.368 0.172  0.04910** 0.533 0.32929 0.12670
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Table 1.18 —Estimated Coefficientsl) of Vmap Model 35
(Best Vmap Model Using the Synoptic Approach)

Parameter BVN - BVN-35 BVN-35 Log- Log - 35 Log - 35
35 SE (EQ 2) P-Value 35 SE (EQ 2) P-Value
®B) (EQ2) ) (EQ2)

(Intercept) 5.469 3.97159 0.18870

Slope 0.113 0.631 0.85996 0.031 0.01012 0.00800**

Aspect -0.398 0.356 0.28157 -0.003 0.00118 0.01460**

Elev. -1.419 1.461 0.34675 -0.006  0.00428 0.16100

STRM_DIST -4,154 0.840 0.00018** -0.009 0.00197 0.00030**

Vmap_Canopy 0.596 0.230 0.02044**  0.305 0.08951 0.00390**

Vmap C GF H 0.372 0.167 0.04189**  0.492 0.24255 0.0608*

Table 1.19 —Estimated Coefficientsfl) of Stand Exam Model 5 (Full Model)

Parameter BVN - 5 BVN-5 BVN-5 Log-5 Log-5 Log-5
» SE P-Value () SE P-Value
(EQ2) (EQ2) (EQ2) (EQ2)
(Intercept) 3.89317 6.9692 0.5847
Slope 0.243 0.5020 0.63598 0.03357 0.0110 0.00820**
Aspect -0.465 0.3064 0.15023 -0.00327 0.0014 0.03880**
Elev. -1.053 2.6465 0.69624 -0.00496 0.0076 0.52570
STRM_DIST -3.984 1.3941 0.01198** -0.01009 0.0025 0.00130**
GF C H WP 0.004 0.1512 0.98120 0.18760 0.4730 0.69720
TPHA -0.828 1.2550 0.51945 0.00149 0.0015 0.34540
TDTPHA23 -4.977 3.5346 0.17952 -0.03396 0.0174 0.07060*
TDTPHA38 1.459 1.2341 0.25541 0.01440 0.0361 0.69530
HJ SIZE 2.712 0.6814 0.00121** 0.65405 0.2013 0.00540**
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Table 1.20-Estimated coefficients §) of Stand Exam Model 43
(Best Logistic Regression Model)

Parameter BVN-43 BVN- BVN-43 Log - 43 Log-43 Log-43
» 43 P-Value ) SE P-Value
SE (EQ 2) (EQ2) (EQ2)
(EQ2)
(Intercept) 4.1758904 6.43412 0.52610
Slope 0.243 0.5020 0.63598 0.0348966 0.01039 0.00430**
Aspect -0.465 0.3064 0.15023 -0.0036094 0.00139 0.02040**
Elev. -1.053 2.6465 0.69624 -0.0057496 0.00701 0.42510
STRM_DIST -3.984 1.3941 0.01198** -0.0101541 0.00212 0.00020**
TPHA -0.828 1.2550 0.51945 0.0000322 0.00015 0.82840
TDTPHA23 -4.977 3.5346 0.17952 -0.0331500 0.01818 0.0882*
TDTPHA38 1.459 1.2341 0.25541 -0.0006765 0.02862 0.98150
HJ SIZE 2.712 0.6814 0.00121** 0.5731479 0.14943 0.0016**

Table 1.21 —Estimated Coefficientsfl) of Stand Exam Model 49 (Best Synoptic Model)

Parameter BVN-49 BVN-49 BVN-49 Log-49 Log - 49 Log - 49

p) SE P-Value () SE P-Value
(Intercept) 1.87448 6.31289 0.77060
Aspect -0.433 0.309 0.18206 -0.00303 0.00139  0.04650**
Elev. -2.982 2.222 0.19956 -0.00265 0.00681 0.70270
STRM_DIST -3.481 0.954 0.00238** -0.00969 0.00196  0.00020**
TPHA -1.245 1.152 0.29712 0.00005 0.00014 0.70710
TDTPHA23 -3.233 2.274 0.17560 -0.03736 0.02143 0.10170
TDTPHAS3S8 0.600 0.813 0.47184 0.01390 0.02994  0.64920
HJ SIZE 2.671 0.625 0.00067** 0.58373 0.15892  0.00230**
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1.4.8 Nests

| located three nests during the course of theysflidbles 1.22 -1.24). Two nests were
located in stands classified in the medium sawtimeteess (DBH 38.1 — 53.2 cm - Table
1:23). The third nest was located in a selegtitalrvested stand that was logged around
30-40 years ago. The size class of the standhisidered to be pole (12.7-22.9 cm DBH —
Table 1.23). Nesting snags/trees varied in sm@f24.9 to 43.7 cm DBH. Two nests were
in dead grand fir snags and the third nest waddédda a live grand fir tree that has a
broken top and hollow center (Table 1.22). Fleuygiexited the nests between the dates of
18 June to 28 June (Table 1.22). Detailed infoionadn post-fledgling dates, movement

and behavior can be found in a previous paper (ApipeH - Frye and Jageman 2012).



Table 1.22 - Nest Snag/Tree Characteristics of TheeNorthern Pygmy Owl Nest Sites

Nest Nest snag/tree Nest snag/tree Nest Cavity Species Tree Condition ~ Minimum Fledgling
Diameter (cm) Height (m) Height (m) Number Date
Fledglings
1 24.9 13.7 8.8 GF Dead Snag 2 18 June 2007
2 43.7 21.6 7.3 GF Live-Broken 4
Top 24 June 2008
3 35.8 8.5 6.7 GF Dead Snag 5 28 June 2009

Table 1.23 -Nest Area Characteristics of three Nonern Pygmy Owl Nest Sites

Nest Area Slope (%) Aspect Elevation Stand Plot Habitat Average of 4 Distanceto Distance to
(Degrees) (Meters) Size Type Densiometer nearest nearest
Class readings — perennial travelable
Percent (N, stream (M) road (M) —
E, Sand W) All Gated
1 54 68 943 Med. THPL/ASCA 92.3 54.6 57.6
2 43 204 828 Pole ABGR/CLUNT75.7 125.0 53.3
3 35 254 860 Med. THPL/CLUN 87.7 314.0 110.0

€9
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Table 1.24 — Stand Characteristics at Three Norther Pygmy-Owl Nest Sites

Parameter Nest 1 Nest 2 Nest 3
Quadratic Mean Diameter 19.3 104 31.0
Total Timber Volume — M?per Hectare 582.5 129.0 542.4
Top Height of the 40 largest trees (M) 33.8 18.3 32.9
Live Trees per Hectare (DBH 7.6-22.8 1482.6 3162.9 330.4
cm)

Live Trees per Hectare (DBH 22.9-38.0 70.9 49.4 114.9
cm)

Live Trees per Hectare (DBH 38.1-52.2 165.6 24.7 130.7
cm)

Live Trees per Hectare (DBH >53.3 cm) 22.5 0 34.6
Live Trees per Hectare (Total) 1741.6 3237.1 610.6
Snags per Hectare (DBH 7.6-22.8 cm) 0 1705.0 0
Snags per Hectare (DBH 22.9-38.0 cm) 85.3 74.1 46.2
Snags per Hectare (DBH 38.1-52.2 cm) 0 0 17.3
Snags per Hectare (DBH >53.3 cm) 0 0 8.9
Snags per Hectare (Total) 85.3 1779.1 72.40
Basal Area GF (M per Hectare) 18.4 20.4 36.7
Basal Area C (M per Hectare) 32.7 0 0
Basal Area DF (M per Hectare) 0 7.8 4.6
Basal Area L (M? per Hectare) 0 0 4.6
Total Basal Area (M? per Hectare) 51.1 28.2 45.9
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1.5 -Discussion

1.5.1 Acoustic Surveys
The calling data suggest that Northern Pygmy-Ovdseviairly common in the study area. |
had responses about 25% of the time when | attehgat#s. This number is comparable to
reported values for the Western Cascades of Orggpter et al. 2006) who reported calling
responses at approximately 26% of calling stat{&vwerage 3.9 birds per 15 station transect
(n=37 transects)). Of the seven ecoregions examm@degon by Sater et al. (2006), the
Western Cascades had the highest calling respatesamd it contains habitat that is very
similar to that found in Northern Idaho.

Lower response rates in the spring of 2007 (Praport 0.152) may be a function of
timing or sample size rather than differences ipypation levels between 2006 and 2007. |
collected calling data (N=117 stations) from May'1®June ¥'in 2006 (Response rate
0.265) and from April 12 to May 19" in 2007 (N=66 stations). It may be that owls lags
aggressive in the earlier time frame in the studa®r just the fact that my sample size was
less robust in 2007. However, Sater et al. (20@@)d no significant difference in calling
rates between April, May and June in their moreesive calling survey study of Northern
Pygmy-Owils in Oregon. The difference in surveyitigwas mainly due to logistical
problems as other commitments kept surveys fromgostiarted until after May f9n 2006
and in 2007 | had actually captured several bisdslhy 19". This limited the ability to
conduct additional acoustic surveys after May.19

| would expect population numbers to be higheshénfall after the young of the
year have fledged. The slightly higher respomase to the calls in the fall may reflect this

and the fact that there would be a higher propomiyoung owls in the population at that
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time. Females are more likely to respond in thiesface they are not actively nesting at this
time of the year. | never captured any femalesdihe spring, but three of nine owls
captured in the fall were females (Table 1.7). tdusoften report hearing Northern Pygmy-
Owls calling in the fall. E. Forsman (personal coumication) suggested to me that he felt
that the fall calling may be part of young birdgrig to establish territories of their own at
this time.

The goal of the acoustic surveys was not to astapbpulation or trend data. More
work and a more comprehensive strategy similanab described by (Sater et al. 2006)
would be needed to meet this goal. Although gassible that a few owls may have been
double counted in the acoustical surveys, | ma@eyesffort to avoid this problem including
the lengthening the survey interval and testingdftierences in response rates. Acoustic
surveys merely established that Northern Pygmy-Qweliee fairly common in the study area
and that habitats here may be equivalent to sirhigr quality habitats in other locations.
Trapping efforts further support these findingsmdde several additional unreported calls
during my trapping efforts and had similar resporages to those reported here. Finding
birds was not the main problem in capturing owls, dctually luring birds to the net

required a great deal of time and patience.

1.5.2 Space Use and Movements

There are a number of problems with traditionalhmds of determining space use of
animals. Minimum convex polygon, bivariate norraatl exponential power methods do a
good job of portraying the total area utilized Ioymaals, but they do a poor job of displaying
areas of concentrated use within the home ranggndl methods do a better job of

portraying areas of concentrated use, but theyemesensitive to smoothing factors (Horne
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and Garton 2006a). Minimum convex polygon and KegsBmates are very sensitive to
outlying locations that skew model results (Hornd &arton 2006a). None of the
traditional methods rely on the existing underlyivapitat conditions that are influencing the
observed patterns of space use. In contrastytia@pic model helps to alleviate some of

these problems by incorporating the underlying taldgiistribution into the analysis.

In conducting the analysis of space use by NontRsigmy-Owls, | found a great
deal of variation in results based on the homeeaangdel that was used for the analysis and
the actual locations of the individual birds. Titehal home range methods appeared to be
very sensitive to outlying locations and shifthome range use. For example, the removal
of a single location changed the smoothing factdhe Animal Space Use program from
434.6 to 148.7 for owl twenty-four. This in tumsulted in a 95% home range size that
went from 918.3 hectares to 360 hectares (Figu@arid 1.10). Outlying locations and
shifts in home range use seemed to be common idattaeas pygmy-owls often appeared to
take exploratory flights away from their core acdaise. | noted shifts in core use areas,

particularly, with male birds following the breediseason.

| suspect similar range shifts occur with somed$uluring the winter when resources
grow scarce on their usual ranges. These shikedy] occur when birds are using areas
with deep winter snow accumulations. | was unabl@ocument winter movement in this
study, but was able to confirm that three owlsegilkeft the study area when confronted with
deep snow or had radio transmitter failures. Bw#s captured in the fall remained on their
home range into the early winter, but three of ¢h@sls were lost to predation by other

raptors. The short battery life of the radio smatters and the inability to recapture owls



Figure 1.9 — Estimated Probability Distribution for Owl 24 Based on Adaptive Kernel (CVh —All Locatios)
Showing 50/75/90/95% Probability Contours with a 986 Probability Area of 918.3 Hectares
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Figure 1.10 — Estimated Probability Distribution for Owl 24 Based on Adaptive Kernel (CVh — Minus Outler)
Showing 50/75/90/95% Probability Contours with a 986 Probability Area of 360.0 Hectares
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did not allow me to document if these birds remdiae their home range during the entire
winter.

In trying to trap birds in the winter, | found treome birds still remained on the
study area, but it was more difficult to find birgsthe usual areas where | captured them in
the spring and fall. | captured two birds in thiater, and one of these birds remained on
the capture range all winter in an area that wadasi (elevation 881 meters) to where |
caught birds in the spring and fall. Despite, sngpths of 60-90 cm on this bird’s seasonal
range it did not leave the area. The other bird ststo predation shortly after capture, but
its capture location was much lower in elevatiofi7(éneters) and included drier habitat
types (more openings and more ponderosa pinekam present on the seasonal ranges of
the other owls. The area is known to have lessvsmezumulation than locations where the
other owls were captured.

Holt and Petersen (2000) suggest that NorthermyyQwls are generally non-
migratory, but they will move to lower elevatiomsresponse to snow and cold weather.
They report (page 5) that, “the species common$geleds to lower elevations during
winter, bringing individuals into habitats and laoas in which they often do not breed In
Missoula, Montana individuals arrive in town abbdlgvember I and stay until March.”
“During this time they often frequent bird feedegsday and prey on small passerines”
(Holt and Kline 1989, pg. 16). Hannah (1999- pgreported that “eastern and southern
movements during winter are well documented in Alpeespecially in years with high
snowfall and extreme cold”. Similar movementsénbeen noted near the study area in the

town of Moscow, Idaho. For example, owls have bimotted both on the University of
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Idaho campus and in town during the winter (J, Agg2007 and J. Manning 2007 —

personal communications).

There are no studies in the literature that haweadly documented the winter
movements of Northern Pygmy-Owls with radio telemdbut G. Frye of the Rocky
Mountain Front Institute has documented a wintevemaent of approximately 20
kilometers by an owl along the eastern front ofRoeky Mountains near the town of
Choteau, Montana (unpublished data and personaincmmneation 2006). In Frye’s study,
he found that birds generally moved east from highevation sites in the Rocky Mountains

to lower elevation sites in the foothills and ndaghing lowlands.

The synoptic model produced improved probabilistributions that were
responsive to underlying habitat distributions. eé@ample of this can be seen in Figures
1.11 and 1.12. In this case | first display thetve kernel home range estimate (CVh
Smoothing Factor). Note how the kernel estimaigufieé 1.11) is unresponsive to the
cutting units in the northern part of the range #tredmeadow area in the southern part of
the range. In contrast we can see in Figure 1o2the synoptic model excludes cutover
areas in the north and more tightly conforms te$ted areas in the south. The synoptic
model also tightly conforms to the streamside rgraarea which can best be seen in the
50% probability distribution. Seasonal range siad variation was similar between
traditional methods and the synoptic model. Fa@aneple, when the seasonal range size was
larger than average with traditional methods it \aager than average with the synoptic

model.
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Figure 1.12 — Estimated Probability Distribution far Owl 2 Based on BVN Synoptic Model 49
Showing 50 and 95% Probability Contours with a 95 %Probability Area of 347.9 Hectares
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I know that some of the data included seriallyrelated locations, but this did not
seem to influence the analysis as much as outlgiceggions. | found that Northern Pygmy-
Owls often sit and wait for hours at a time wheeythare searching for prey and that they
often do not move large distances from day to d&en relocating birds | would often
find birds very close to the previous day’s locatid-ollowing and observing owls for
periods as long as 22 hours allowed me to makereditsens on daily movement patterns

and hunting techniques that | could not have maklerwise.

| found that information theoretic methods pravah objective method for
determining the best home range (Horne and Ga@06&), but that the presence of outliers
influenced which model is selected as the “besttiedo | found that many of the home
range models were sensitive to outlying locatidms it proved very difficult to objectively
remove locations that appeared to cause the maistepns. Owls, likely, made exploratory
flights and shifts in core use areas for a reasmhtlaese movements are important
components of survival. For example, they allowlihds to find new sources of food or
mates. Such movements may serve to reduce comopdigtween adult and juvenile birds

as the young birds start to gain independence stiadhlesh home ranges of their own.

| found that non-breeding males appear to haggetaseasonal ranges than breeding
males and that there is a difference in the pati€tocations between breeding males and
non-breeding males. Non-breeding males appeareavi® more outlying locations in their
seasonal range during the breeding season and@tadunally reduce their core use as the
nesting season progressed and the chances ofdgiadimate were reduced. These birds

continued to use the same smaller core area h#erdsting season. However, my sample



75

size is small (Non-breeding - N=2 and Breeding -6Nand these conclusions need more
investigation in future studies.

In contrast, breeding male birds had smaller hcanges during the nesting season
and then shifted use to a completely different @ea after the breeding season. It may be
possible that male birds are moving to nearby ferhaime ranges during the nesting season
and then returning to their own home range afteeting. This could not be confirmed due
to the battery life of the radio transmitters usethe study, but one female bird that was
trapped just before fledging of her chicks, remdina her home range for the life of her
transmitter (approximately 11 weeks). Another n{&l€0) had a few locations in an area
approximately 3.2 km from his core use area podhe nesting season and then returned to

this area after his nest appeared to fail in migeJ{Tables 1.12 and 1.13).

My observations confirmed previous observatioms NMorthern Pygmy-Owls are
diurnal and that these owls are most active inuseplar periods (Holt and Peterson 2000,
Frye and Jageman 2012). | spent the entire niggat roosting owls on five occasions and
none of them appeared to move from their roost t&milar observations have been made

in Montana (Frye and Jageman 2012).

| could not document much response to human distud by Northern Pygmy-
Owis. | frequently called and trapped owls nearopads and had numerous locations that
were near open roads. In one instance, | did deatian avoidance response to active
logging equipment, but the noise level and amofiatbvity was fairly excessive compared
to other activities that were occurring in the stadea. However, Northern Pygmy-Owls
were often very cautious in approaching duringgnag operations. It usually required

several hours to lure owls to the net and | hadesowls that would sit observing the live
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mice lures for as long as two hours before theyldvattempt to take the prey. During
trapping efforts, many owls would actively respaadny calls, but then they could not be

lured closer than 100 meters to my location.

1.5.3 Habitat Analysis

Based on lower AIC Values, | believe the data gateer from the stand exam plots, ocular
interpretation of satellite imagery and nearesgiieor projections (Crookston et al. 2002)
were of superior quality to that which | obtainedrh remotely sensed Vmap (Vmap 2013)
projections and similar efforts like Landfire (Ldmd 2013) and Idaho Gap Analysis (Idaho
Gap Analysis 2013). Models built from the standrexdata generally had lower AICs than
similar models that relied on remotely sensed Vulata. The stand exam data also allowed
for inclusion of detailed information like treesr@ere and stand diameter. However,
obtaining this information was much more time consyg, costly and labor intensive than
remotely sensed data. Even when | had a consigesaiount of data for a large portion of
the study area (USFS lands in this case), | il to do a considerable amount of work to
extrapolate the data to unsampled areas. | h@enéw approaches like LIDAR may help
to alleviate problems of obtaining accurate ancelyninformation in the future. However,
these types of data were not available for theystnda. | suggest that without accurate
landscape level data there is a high risk of makimgneous conclusions on wildlife habitat

selection regardless of the method used to anétatalata.

For example, the remotely sensed Vmap models glguasater emphasis on canopy
closure and tree species than the stand exam mddeike | agree these are important

descriptors of Northern Pygmy-Owl habitat selectiosuspect that the lack of resolution in
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the remotely sensed data elevated the importantteesé factors. Stand size class was
highly positively correlated with crown closurethre stand exam models and stands with
larger diameters were often found on moister caddrgrand fir growing sites in the study
area. Itis likely that the resolution of crowmslire and species were better in the remotely
sensed data than stand size class which can beullitb determine with remotely sensed

methods.

The best model in the analysis (BVN Synoptic Mot#) suggests that two
parameters (Successional Stage and Distance @n9tege the most important parameters
for predicting habitat selection by Northern Pyg@wids. Both of these parameters were
statistically significant (P<0.5) with both the sygtic and logistic regression methods
(Table 1:21). | found that Northern Pygmy-Owls arere likely to be found in older stands
with larger tree sizes and that they are moreyikelbe found closer to streams than
randomly selected points in the logistic regressioavailable habitats as defined in the
synoptic model. These results agree with the fligsliof Giese and Forsman (2003 pg. 117)
who suggested that “structurally diverse and ofdersts were most heavily used” by

Northern Pygmy-Owls.

There have been historical references that NartRggmy-Owls often utilized
riparian areas. For example, the following quotativas attributed to James Moffitt of
Mendocino County, California and reported in 19§8AC. Bent in his book on the Life
Histories of North American Birds of Prey (Bent 893y. 432). “The owls that frequented
my camp seemed to range in the trees immediatetiebag the creek for a distance of
about 400 yards along the watercourse, but appgithety seldom, or never, extended their

range far from the sides of the creek, as thels eatre never heard in the hillside trees
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bordering the stream at a distance farther thanya@ds from it.” This study documents
similar findings (at least for this study area)dwasn radio telemetry and on the ground
observations. In Northern Idaho, radio marked awiginely selected riparian habitats in

preference to upslope areas.

| speculate that Northern Pygmy-Owls utilize olttest stands and riparian areas
for two main reasons. First, because of their kaiad they are particularly vulnerable to
predation themselves. Ten out of twenty-six radarked owls were lost to predation by
other raptors in this study and no other causesaffdwas observed. Interestingly, high
turnover rates of individual Northern Pygmy-Owlsreveeported in an extensive study of a
2145 hectare park in Portland, Oregon (DeshlerMnighy 2012). That study included an
extensive effort to find and band all known nestagrs within the park over three different
years. In that study, the park was estimated ppau 9-12 pairs of nesting owls and the
same nesting territories generally had differesting owls in subsequent years. No birds
banded as fledglings (N=26) were ever recapturextiaks in the Portland study. As sit and
wait predators and relatively slow fliers comparednany other raptors, | believe Northern

Pygmy-Owls seek out forested stands for protection.

| believe forested stands support the “ambuspé tgpproach to hunting that these
owls utilize. Observations of Northern Pygmy-Owigygest they will sit for hours watching
and waiting for unsuspecting prey, and that thelgarguick dives from upslope perches to
finally make their kill. 1 believe older forestadriparian areas likely support higher prey
densities and facilitate their hunting style (Goraed Anthony 1998, Lock and Naiman
1998). Besides having lower prey densities, therabtions in young dense forests would

make their style of hunting more difficult. NorthePygmy-Owls need to be able to see
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their prey and descend quickly for the kill. Oldéands with open understories facilitate
this type of hunting by offering protection in tiense upper canopy together with open

understories where owls can observe and easilyi@ptey.

The results of the Vmap models tend to supporfititengs of the models based on
the stand exam data. Like the stand exam modktd,tae Vmap models identify distance
to stream as a significantly important variablel{féa 1.17-1.18). The remotely sensed
Vmap models also suggest that stands in largerctasses and those with closed canopies
are preferred by Northern Pygmy-Owls (Tables 1.1IBJL However, P-values are
generally lower for size class in the remotely sengmap models. High canopy closure is
highly positively correlated with size class in gtand exam data. | speculate that crown
closure and species groupings are not as impdadaworthern Pygmy-Owls as stand
structure. The study area is dominated by relptinmist habitat types and most of the
larger diameter (DBH) stands occur in these gragginCrown closure is likely important
in the remotely sensed Vmap data as it can berdeted fairly accurately with these
methods. On the ground field data that was ctetor the stand exam models incorporate
important structural components into the model thiedefore factors like crown closure and

species mix are less likely to show up as impomaodel parameters.

Stands with grand fir, cedar and hemlock (moisites) appear to be preferred and
of significant influence according to remotely seth¥map models 4 and 35, but not the
stand exam models. Size class appears to ovenstety importance of species
composition in the stand exam models. Based ofietdwork, | agree that species
composition is less important than the structuoahplexity of the stand. However, | found

many of the most structurally complex stands wecated on moister sites and in close
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proximity to streams and was not surprised byfihding from the remotely sensed Vmap
models. Also, overall use and availability datpmart this conclusion and are consistent

with field observations (Appendix B4 and AppendiX)B

| speculate that the physical parameters of slapgect and elevation are important
in determining vegetative characteristics and thate accurate vegetative information
overshadows these variables in the stand exam arapVnodels. Slope and aspect
appeared to have a significant influence (P < Oi®B)ost of the logistic regression models,
but not in synoptic models. Northerly aspects stegper slopes were generally preferred
according to the logistic models (Tables 1.16 4).Rlortherly slopes and lower elevations
likely support larger diameter stands and ripaaeeas are going to occur at the lowest
elevations of each owl's home range. The seleafanore northerly aspects makes sense
given field observations that owls often utilizadiger sized stands that occurred on

northerly aspects.

| am somewhat perplexed by the finding that stes|mgres are preferred.
Significant P-values < 0.05 were generally assediatith the logistic regression analysis
and the physical models. Slope was generally mtissitally significant in the synoptic
models and models that included stand exam dagaspect this may be a data anomaly of
the random points that were selected for the lmgisgression. | did notice, for example,
that the random slope points for owl two only agei 19.5% slope as compared to the
average slope of 28.0% for the points that owl &stmally utilized. The synoptic model
makes use of the entire slope surface when detergsngnificance and is less likely to be
influenced by a few random points or the effectarofndividual owl. | suspect the

optimization approach used in the synoptic modgdss likely to be influenced by
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individual points than the logistic regressionheTprobability density function for slope,
aspect and elevation includes thousands of paatiter than just comparing an equal
number of points as is done in the logistic theesgion. The likelihood that individual
points can cause significant differences to showsupore probable with the logistic
regression approach. Slope in the locations utiltzgall radio tagged owls (mean 26.1%)
was not that much different than available halsitape (24.9%), and | did not notice any
significant difference in the slope of radio laoas compared to that of the general
topography in my fieldwork. | believe the synoptodel results are likely more accurate
for the relatively gentle topography of the studgaaand that slope is not a major factor
here. Other studies in steeper topography maydifierent results as | did not have that

many steep slopes in the study area.

Elevation was shown to be significant at the 98%el in the synoptic physical
model 20, but dropped out as being a significanti#e when remotely sensed Vmap or
stand exam vegetation elements were added in rgnsatiesed Vmap models 4 and 35 and
stand exam models 5, 43 and 49 (Tables 1.16-1Ra&jvever, the addition of elevation
improved AIC values of most models and suggestatNlorthern Pygmy-Owls prefer
lower elevations. This makes sense in light offtfee that streamside areas would generally
occur at the lowest elevations of an owl's seastaraje. However, the range of elevations
in the study area is limited to moderate elevasibes (644.1 to 1540.5 meters) and may not
be representative of pygmy-owl habitat across fleeigs range. In the study area, | don’t

think elevation is a major factor.

The only other variable that showed up with songeificance (P< 0.1) was trees per

hectare over 22.9 cm DBH. This variable was inguar(P<0.1) in models 5 and 43, and
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just over P=0.1 in model 49 under the logistic esgion method. The parameter did not
show up as important with the synoptic method (€ald.19-1.21). The logistic regression
model suggested this parameter was negatively iassdavith Northern Pygmy-Owl
habitat selection. This would make sense if sti@hds included a large number of small
diameter trees that made hunting difficult for Nertn Pygmy-Owls. However, stands in
this size category are likely in transition andd dbserve a considerable amount of use in
stands with average diameters between 22.9 andc@84ks long as the stands contained

open understories.

None of the other model variables such as treebgaare and trees per hectare over
38.1 cm were considered to have a significant (F0O8) influence on the various models.

However, the addition of these parameters gendadlgred model AIC values.

1.5.4 Nests

| only discovered three nests in this study, butabgervations were generally consistent
with the literature (Giese 2003). Two of the neg¢se located in non-harvested older
structurally diverse stands and one occurred iovartpole-sized stand that had retained a
large diameter broken topped grand fir tree whiels wtilized as the nest (Tables 1.23-
1.24). Giese (2003) found that 7 of 8 nests oeclim older structurally diverse stands and
that one nest “was in a relatively young, mixectpaif coniferous and deciduous trees that
had regenerated naturally following logging.” Qmest in this study (Table 1.22) was in a
smaller diameter snag (24.9 cm) than those repbitgdiese (2003). Snags selected for
nesting as reported by Giese (2003) varied infsara 31 to 96 cm DBH (mean 55.7 cm)

and were all located in dead snags. The nestipdke sized cutover stand was located in a
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broken topped live grand fir tree (DBH 43.7 cm) apgheared to be a cull tree that was not
removed during the original logging operation.

Nest two and nest three were located very closethheg (Approximately 190
meters), but were found in two different years @@ad 2009). The owls using nest three
in 2009 were not the same owls that were obsernv@@@8 (both banded and radio tagged)
and any relationship between them is unknown. Estimg pair at nest three was not radio
tagged. Interestingly, similar observations wessglmby Desheler and Murphy (2012) who
found that there was a high turnover in individuatsupying nesting territories in
subsequent years. In a study of 22 nests, theydfsame individuals (4 females and one
male) returning to the same nesting area, but didimd any instance of the same mated

pair nesting in a subsequent year.

Northern Pygmy-Owl fledglings in this study exitée known nests between the
dates of 18 June to 28 June (N=3). Fledgling datetsvo additional nests (never located)
were estimated as 1 July based on the date andfdize fledglings when they were first
observed (Frye and Jageman 2012). In Montana,repated that fledglings exited the
nest between 28 June and Aug 5 (N=11, Frye andnlag2012). In western Washington
(Olympic Peninsula), Giese and Forsman (2003) tedaxorthern Pygmy-Owils fledging
between 14 June and 17 July (N=9). Deshler anppMu(2012) working in Portland,
Oregon reported fledglings first exiting nests bew 6 June and 27 June in three different
years (N=22). Detailed information on post-fledglidates, movement and behavior can be

found in a previous paper (Frye and Jageman 2012).
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1.6 Management Implications

As a cavity nester and forest predator on smadisband mammals, it is likely that
management recommendations for the Northern Pygmiyw@l have implications for a
wide variety of species. Northern Pygmy-Owils irsthiudy preferred riparian habitats and
stands with larger tree sizes and higher crowrucéss These findings are in agreement with
previous studies (Giese and Forsman 2003 and 8aaér2006). It is important to maintain
older forests and intact riparian areas acrostatiiscape in order to maintain Northern
Pygmy-Owls. Wide buffers greater than 100 metensidth that are associated with nearby
intact stands would be preferable for this specliebuffers are too narrow they are likely to

increase vulnerability to predation by larger rapto

| did not find that Northern Pygmy-Owls need thegkst and most pristine forests
for reproduction and survival. While | only locdtthree nests, all were successful and
located in relatively small diameter snags (2443.7 cm DBH). One nest was located in a
stand with previous timber harvest. | observedthtibse in stands that were relatively
young (80-90 years) that would be considered ssaaltimber by most foresters. However,
such stands generally had open understories and fm of structural diversity. A
complex overstory where owls could find securitysv@acommon feature of most stands
where | observed Northern Pygmy-Owls. Very yourands with dense understory tree

stocking were commonly avoided by Northern Pygmyl©w

| found that partially cut timber stands were oftgilized by Northern Pygmy-
Owils, but caution land managers in relying on esitenpartial cut strategies to provide

habitat for Northern Pygmy-Owls. Most habitat wses observed in unharvested older
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aged stands with intact canopies. As reportedwiylet al. (2012) for the spotted owl, |
found that Northern Pygmy-Owils have the abilityital small patches of structurally
complex habitat in stands that may be categorizaélatively uniform in human habitat
classification systems. My observations suggestttiese patches often have characteristics
we commonly associate with older structurally deeeforests such as large trees, open
understories and the presence of snags and downadl WNest two is a good example of

how Northern Pygmy-Owils are able to find and selleese microsites.

| suggest that managers consider leaving comptagtstal components in harvested
timber stands. Retention of snags, broken topees t down logs and non-uniform spacing
should be considered in harvest units. Protedfaiparian areas and leaving unharvested
clumps should be considered. | have some evidiate@wls may be particularly
vulnerable in fragmented landscapes which | discu§€hapter 2. Thus, | caution against
leaving isolated patches such as uncut buffersssiprounded by new clearcuts. Northern
Pygmy-Owls may be particularly vulnerable to premtaby other raptors in such situations.

| suggest less abrupt transitions with retentiolea¥e trees on upslope areas.

In this paper | examined the potential home ramge &f pygmy-owls and how this
home range size may change over the course ofra ybase numbers have implications
for determining how much habitat is required by sbecies and how these owls might
distribute themselves across the landscape atustimes of the year. Seasonal ranges
averaged approximately 300 hectares and | beligeident to maintain landscapes that
have some relatively intact forested areas ofamtlthis size scattered across the landscape.
Forested stands of at least the small timber d&ms ¢22.9-38.0 cmm DBH) should be

included in these blocks.
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| believe that larger intact forested blocks anpartant for post-fledgling survival.
My work suggests that Northern Pygmy-Owils are weryperable in the post-fledgling
period when they can be easily located by the foeghing calls they make to their parents.
| found Northern Pygmy-Owls are typically fed byrgats for 30-35 days after leaving the
nest and that they occupy areas from 35 to 95 te=cta size during that time (Frye and
Jageman 2012). Larger forested blocks would deerehances of detection by other

predators during this critical time period.

| suspect that winter habitat may be a critica history component for this species
as owls move to lower elevations to avoid deep sndwpically, such sites are drier and
more open than areas where we might expect taNorthern Pygmy-Owls during the rest
of the year. Vulnerability may be particularlyghiduring this time frame as evidenced by
the quick loss of the one owl | did manage to capim this type of habitat. All of the
recommendations | suggest for Northern Pygmy-Owling the rest of the year are likely
important on wintering areas. Given the fact thath areas have reduced forest cover

naturally, retention of forest cover may be evemanmportant in such locations.
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Chapter 2

Intraguild Predation of Northern Pygmy-Owls in a Fragmented Landscape

2.1 Abstract

As part of the habitat and space use study of antRPygmy-Owls described in Chapter
One, | experienced the loss of several owls t@guild predation by larger raptors. Ten of
twenty-six owls succumbed to larger raptor predatiod no other sources of mortality were
observed. Northern Pygmy-Owils utilizing more fragred landscapes were more
vulnerable to predation loss. When a 1000 methusecircle was placed around the
centroid of known radio locations, the percentasebted stands that exceeded an average
DBH of 22.9 cm within that circle proved to be adgredictor of survival (P< 0.001). |
selected this circle size (314.2 hectares) basedyoprevious work with Northern Pygmy-
owls (Chapter 1), where | found that owls had seak@anges which averaged 276 to 306
hectares. As the amount of forested stands witivarage DBH exceeding 22.9 cm
increased beyond 60%, it appeared that Northermipy@wlIs were less vulnerable to
intraguild predation. This finding is consistenitiwfindings from several other studies on
intraguild predation in different raptor species.

2.2 Introduction

Numerous studies have examined the effect of fdragimentation on bird nest predation
and fledgling survival (Lloyd and Marsden 2008, 8pet al., 2008, Renjifo 1999,
Tewksbury et al. 1998, Andren 1992). These studa® generally focused on passerine
species and the effect of losses of eggs or yowagvariety of non-guild predators such as
rodents, other small and medium sized mammals esnakd non-guild avian species such

as corvids (crows and jays) or raptors. Few studge® examined the effects of intraguild



88

predation (predation on species that utilize simgources for their survival). | became
interested in this aspect of bird and raptor ecphafter experiencing the loss of several
radio-tagged Northern Pygmy-Owils to larger rapthrsang the habitat and space use study
of this species described in Chapter One. Thesfofthis chapter is to report my findings
and to examine the current literature on intragpiedation in raptors and the effect of
fragmentation on that phenomenon. | was interestédw productivity and adult survival
are being affected by fragmentation of continuauedt cover and if that might be
contributing to population declines, habitat avoicor changes in habitat selection by
different raptor species.

Because of the good growing conditions and highevalf the forest stands in the
study area, there has been a long history of fonesiagement. This has led to varying
degrees of forest fragmentation across the stugly. abome areas have had relatively little
recent harvest (particularly on National Forestigrnwhile other areas have had extensive
management activity. This has made the studyamredeal location to study the effects of
forest fragmentation on a species like the Northrgmy-Owl.

2.3 Methods

| trapped and radio-tagged twenty-six Northern Pygbalis as part of the study described
in Chapter One. Owls were trapped in various seaaad included both males and females
(Table 2.1). Itrapped and fitted owls with radiansmitters following methods outlined by
Giese and Forsman (2003). Owls were captured ihmeis or balcha-tri traps and live pet
store mice were utilized as bait. | lured owlshte general trapping location by utilizing

acoustic calls. Transmitters were attached usiegtisscross backpack method (Smith and
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Table 2.1 — Survival of Northern Pygmy-Owils

Oowl Sex Capture Date capture Last Days Fate

Season Location
5 M Spring 4/26/2007 8/08/2007 10%.ive
6 M Spring 5/1/2007 5/3/2007 3Mortality
7 M Spring 5/3/2007 5/7/2007 AMortality
8 M Spring 5/22/2007 7/17/2007 5Mortality
9 M Spring 5/23/2007 8/24/2007 94.ive
10 M Spring 5/25/2007 8/23/2007 9live
18 M Spring 3/21/2008 4/29/2008 4MMortality
19 M Spring 4/11/2008 6/14/2008 64.ive
20 M Spring 4/15/2008 7/2/2008 8QLive
21 M Spring 5/12/2008 6/4/2008 24Mortality
23 M Spring 5/21/2008 8/1/2008 73 Live

5/26/2009 (371) Observed Again

24 M Spring 5/27/2008 8/11/2008 TLive
25 F Summer 6/19/2008 9/06/2008 80ive
26 M Summer 7/8/2008 9/20/2008 Thive
27 M Summer 7/14/2008 9/26/2008 T4ive
1 M Fall 9/28/2006 11/22/2006 56Live (Migrated)
2 M Fall 10/20/2006 1/16/2007 89Live
3 F Fall 10/27/2006 12/8/2006 43Mortality
4 M Fall 11/1/2006 11/27/2006 27Live (Migrated)
11 M Fall 9/18/2007 9/28/2007 11Mortality
12 M Fall 9/20/2007 12/06/2007 78Live
13 M Fall 10/ 2/2007 12/14/2007 7AMortality
14 F Fall 10/9/2007 12/22/2007 73Mortality
15 F Fall 10/23/2007 11/26/2007 3%.ive (Migrated)
16 M Winter 1/24/2008 1/26/2008 3Mortality
17 M Winter 2/14/2008 4/25/2008 72Aive

*There is no owl 22 — (Escape during handling)
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Gilbert 1981) and were secured with 80 pound tefiom-coated Dacron braided fishing
line. | was unable to re-trap any owls duringshely. The battery life of the transmitters
varied from 11 to 14 weeks depending on the weagldt model of the transmitter (1.4-1.8
gm Holohil Systems Ltd., Carp, ON, Canada -ModetBD

For each owl | placed a 1000 meter radius cirobeirad the centroid of known radio
locations for that particular owl. | selected thiscle size (314.2 hectares) based on my
previous work with Northern Pygmy-owls (Chapterihere | found that owls had seasonal
ranges which averaged 275.8 hectares based otidnadlhome range methods (Rodgers et
al. 2005) or 306 hectares based on the newer sgnoptel methods (Horne et al. 2008).

Inside of the circle, | identified three differestand conditions based on previous
habitat delineations (Chapter 1) using Clearwatiddal Forest Stand Exam Data
(http://www.fs.fed.us/rl/clearwater/gis/vegetatidw inventory— cstands_combo090825)
and manual interpretation of NAIP satellite imag@NSIDE IDAHO 2012). The first
category included natural openings and standsumg@ge classes (seedlings and saplings
<=12.6 cm DBH), the second category included pded stands (12.7-22.8 cm DBH) and
the third category included forested stands exoegttie small sawtimber size class (>=
22.9 cm DBH). | calculated area in hectares, peage of coverage and edge length for
each of the three classes and estimated the contagiue for the entire circle with the
program Fragstats 4.1 (McGarigal et al. 2012, gsgeAdix D1). Contagion value is a
measure of aggregation of the various classesh ebgtagion values near 100% suggest an

aggregated pattern and low contagion values neag@est a dispersed pattern.

| examined the correlation coefficients of thesdriog using Pearson, Kendall and

Spearman methods in program R. Percent youngtfere$2.6 cm DBH) and percent older
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forest (>= 22.9 cm DBH) were highly negatively &ated (-0.90). Area and percentage
values were highly positively correlated (AppenBi®). These variables and others, with
correlations greater than 0.60, were eliminatethftbe analysis (Appendix D2). Pole
stands were not well represented in the data ane aso eliminated. This resulted in three
variables being carried forward in the analysisgté of open forest edge <= 12.6 cm DBH,
percent older forest greater than 22.9 cm DBH &edtbntagion value. These variables
were all calculated within a 1000 meter radiusleieround the centroid of each individual

owl’s actual radio locations.

| used the Kaplan-Meier (Kaplan and Meier 1958,iiKEnd Moeschberger 2003)
and Cox Proportional Hazard methods (Cox 1972 rkdeid Moeschberger 2003) to test for
differences in survival. The Kaplan-Meier metlestimates survival rate based on the
following formulation:

w=[](-4

tist

Where S () is the probability of survival to time by is the number of individuals at the

start of time interval; andd; is the number of individuals who die in time pértp

The Cox Proportional Hazard method is considarsdmi-parametric method to

estimate hazard rate (mortality) as follows:

hi(t) = ho(Dexp(B1X1 + B2 X2 + -+ BiX))

where hazard probabilityy (t), at time t is equal to hazard probability at tizeeo, hk(t)

times the antilog of the sum of the parameter eg@sitimes predictive variablgss.
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To avoid highly correlated or poorly representedaldes (Appendix D2), I limited the
analysis to the following five basic predictors (Qyender, Owl capture season, Length of
young forest edge <= 12.6 cm DBH, percent foresDBH 22.9, and contagion for the

entire circle).

2.4 Results

| could not detect any difference in survival ozéia (mortality) based on gender (Figure
2.1) or the season which the owl was captured (Eig2) in my sample of owls.
Therefore, | combined all owls into one sampletfa remainder of the analysis.
Differences in survival based on gender (Female Male =22) were not significant
according to the log rank test (Mantel 1966, PetbReto 1972) conducted under the
Kaplan-Meier approach (P=0.74). Similar resultgarding hazard rate occurred with the
Cox Proportional Hazard Method. All statisticadtgefor differences in hazard (mortality)
based on gender (Likelihood ratio (Wilks 1938), wbiggle et al.1994, Draper and Smith

1998) and log rank) had high P-values at or ne& @hen this method was utilized.

Similar results occurred for the capture seasoiallle. Capture season (Spring =
12, Summer = 3, Fall = 9 and Winter = 2) did ngngicantly influence survival or hazard
rates. The log rank test for capture season basdge Kaplan-Meier approach had an
overall P-value of 0.488. Overall tests for infige of capture season on mortality for the
Cox Proportional Hazard method were P=0.28 foliketihood ration test, P=0.92 for the
Wald test and P=0.48 for the log rank test. Wimelividual seasons were compared to the
fall capture season, values were also not sigmfi¢@pring (P=0.844), Summer (P=0.999)

and Winter (P=0.577)).
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Figure 2.1 - Survival Rate of Northern Pygmy-Owls Bsed on Gender (Female (N =4),
Male (N=22)) as Estimated by the Kaplan-Meier Methd (P=0.74)
Displayed are the 95% Confidence Intervals.
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Figure 2.2 — Survival by Capture Season (Spring (NE2), Summer (N=3), Fall (N=9)
and Winter (N=2)) as Estimated by the Kaplan-MeieMethod (Pvalue = 0.488)
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In contrast to the non-significant results for denand capture season, the Fragstat
metric of the percentage of forest cover that ededean average DBH of least 22.9 cm
within a 1000 meter radius circle around each owiiswn locations proved to be a good
predictor of owl survival. As the amount of codscreased mortality increased
significantly. The following model, which is based the Cox Proportional Hazard method,
represents the importance of the continuous variabpercent forest cover over 22.9 cm
DBH to survival of Northern Pygmy-Owls. This méees highly significant at R 0.001

as measured by the likelihood ratio, Wald and btkrtests.

Mortality (, ssroresty = Mortality (o) * exp (-0.10287 * (% Forest))

Percent of forest stands over 22.9 cm DBH withit©@0 meter circle around the
centroid of individual owl locations was also eatkd with the Kaplan-Meier method. This
method does not allow the use of continuous vaggbh this analysis | compared survival
of owls with less than 60% forest cover to thos#hwmore than 60% forest cover in the
1000 meter circle. Owils in the under 60% group &adynificantly lower survival rate of
0.231 with standard error of 0.135 for 75 daysaspared to owls in the over 60% group
which had a survival rate of 0.923 with a standardr of 0.739 for 24 days (Figure 2.3, log

rank test P=0.002).

The average amount of forest cover exceedingyarage DBH of 22.9 cm in the
less than 60% group was 44.6% with a standard tiewiaf 12.6%. The range of the data
in the under 60% group was 11.0 to 57.6% foresécoV¥he average amount of cover in the
over 60% group was 74.7% with a standard deviaifdh0%. The range of the data in the

over 60% group was 63.0 to 91.3% cover.
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Owl numbers were equally divided between the tvaugs (13 in each stratum), but
owl deaths were disproportionally found in the grovith less forest cover (9 of 10 owl
deaths occurred in the under 60% strata). Revidiweodata suggested all owls (5 of 5)
died when forest cover was less than 41%. Whesstaover was between 46 and 58% (4
of 8 owls died) and as previously stated only oweded when forest cover values
exceeded 60%. No owls died in the over 60% grotey #ie first owl died at 24 days after
initial capture. Most owls in the over 60% gro@mained alive for at least 60 days.
Eighty-one days was the average radio trackingtaurdor owls that did not die or appear
to migrate from the study area. One surviving esb observed on his same seasonal range
371 days after capture. Interestingly, the avefagest cover value in the 1000 meter circle

around this owl’s locations was 91.3%.

| also evaluated the under and over 60% group thighCox Proportional Hazard
model. When stands over 22.9 cm DBH composed d¥¥r & more of the 1000 meter
radius evaluation circle there was significantlyslenortality (P=0.0157 for the Wald test

and P<0.002 for the log rank and likelihood raéists).

Mortality  owroresty = Mortality o) * exp (-2.5614 * (>60% Forest))



97

Figure 2.3 — Survival of Owls Based on the Percerda of Forest Stands with an
Average DBH of 22.9 cm or Larger within a 1000 MeteRadius Circle of the Centroid
of Each Individual Owl's Known Radio locations (N=13 Owls <60% Forest and 13
Owls > 60% Forest). Displayed are the 95% Confidere Intervals as Measured by the
Kaplan-Meier Method (P=0.002)
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The other metrics (Appendix D1 - Open edge lemgith Contagion) suggested that
increasing open edge length and more disperseerpsifcontagion values closer to zero)
were also associated with increasing mortality,tbase metrics were not significant at the
P=0.05 level. Increasing length of open edge was@ated with increasing mortality
(Wald Test P=0.0806) and dispersed contagion valiees associated with increasing

mortality (Wald Test P=0.152).

2.5 Discussion

2.5.1General Concepts

Studies on predation and fragmentation tend toauppe general finding that
fragmentation increases predation rates and redutewal of the young once they leave
the nest (Lloyd and Marsden 2008, Sperry et aD82@enjifo 1999, Tewksbury et al. 1998,
Andren 1992). However, findings aren’t always cetesit and some studies have produced
varying results that are often dependent on theispdeing studied, the location of the
study area, the hierarchical scale of the examunatnd the fragmentation matrix (Chalfoun
et al. 2002). Studies conducted in fragmented leaqoiss where forest patches are found in
agricultural landscape matrices often show greates of nest predation than when the
fragmented matrix consists of older forest patduedtered among younger stands
(Chalfoun et al. 2002). Studies conducted in thetéfa United States often produce
different results than those conducted in the Wedtmited States. For example,
Tewksbury et al. (1998) actually found higher raiksest predation on passerine species in
unfragmented Montana forests than they did on nyefaglgmented forest and agricultural

land. They attributed this to higher densitiesenf squirrels Tamiasciurus hudsonicus) in
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the unfragmented forests and less dramatic incseasmrvids in fragmented areas than is

common in Eastern North America or in Andren’s (2PStudy area in Sweden.

Differences in Western and Eastern U.S. may bealdéferences in the nature of
fragmentation in the two areas and how human ptipukare distributed in the two areas.
Human populations in the West are commonly founiduer elevation areas along major
waterways and human populations in the East are seattered and there is less influence
due to elevation. Higher percentages of public artie West and differences in forest
types (coniferous verses deciduous) may also ptajea

Extraneous factors can sometimes influence rednlShio, Doherty and Grubb
(2002) found that bird survival was much highefragmented forest patches where local
residents maintained a nearby bird feeder. In Alaak unexpected result occurred in an
examination of predation rates in two differenesiof buffer strips (Sperry 2008). In that
study, the distance to productive nearby intertmbeles influenced predation rates much
more than buffer strip width. Predators were até@d¢o the intertidal zone because of the
prey abundance, and this overwhelmed the fineeduaffer width issue.

Another aspect of fragmentation that has receivadhfiess attention than nest
predation and fledgling survival is adult survival the previously mentioned 5-year study
by Doherty and Grubb (2002) it was found that theeee higher rates of adult survival in

larger patches for three resident species (Whigadied nuthatct8tta carolinensis),

Carolina chickadedPpecile carolinensis) and downy woodpeckePicoides pubescens)).

Survival of a fourth species, the Tufted- titmoBaeol ophus bicolor) appeared to be

affected by snow levels rather than patch size.



100

2.5.2 Intraguild Predation in Raptors
Historically, intraguild predation was consideredrmof a curiosity than a population
concern. However, after the concept was formaliae®olis et al. (1989) investigators
started to understand that it might be an impontagtilating mechanism for raptor
populations and that it may affect habitat selectdad resource partitioning of members of
the raptor community. The idea behind intraguilddation is that larger predators within
the guild (in this case raptors) control the numdo@at distribution of smaller members by
preying upon them. This may be because smaller resmompete directly with larger
members for scarce food resources or that theylynare preyed upon as a food resource
(Sergio et al. 2008).

Sergio (2008 et al.) completed a review of stuth@$ have been conducted on
intraguild predation in raptors. He reviewed 33dgta and found that intraguild predation
reduced occupancy, breeding success and survinaiy of the depredated species. These
species responded by spatial avoidance of the fanesigecies, habitat selection that helped
them avoid the predator, reduced vocalizations wherpredator species was nearby or by
using habitats at different times. For examplehtagtivity may help owls avoid diurnal
predators. Listed below are a few examples of #pes reviewed by Sergio et al. (2008)
and some of their findings.

A study in Britain may be one of the first to doamha larger species actually
controlling the population size of a smaller guiémber (Petty et al. 2003). In that study,

common kestrelgHal co tinnuncuius) were relatively common within Keilder Forest, radp

the Scotland and England border. There were thiesr captor species (Short-eared owl

(Asio flammeus), Long-eared owlAsio otus) and the Tawny OwISrix aluco)) that utilized
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field voles Microtus agrestis) for food. All four of these species utilize diféat habitats or

are active at different times of the day so thetdtie direct conflict between them. In 1973,

several goshawk#¢cipiter gentilis) were released by falconers and soon established

themselves in the Keilder Forest. Over the nexe&z8s the population of goshawks
increased and the population of kestrels declidaggression analysis of the number of
kestrel pairs compared to the number of goshawis gailowed a negative linear relationship
(r* = 0.70, P<0.001) over this time period. Kestretsarthought to be particularly
vulnerable to goshawk predation because of thanmndi activity and their habit of hovering
while hunting. The findings of Petty et al. (20@3% important because it is one of the few
studies that had enough long-term information ooutettions of both predator and prey
species to actually document population effectstduetraguild predation. It is unique in
the fact that a comparison could be made betwepulaions of prey species with and
without the presence of the predator species.

To further substantiate their findings the autlmosducted some additional analyses.
First they looked at goshawk diet as their numb@rroached their peak near the end of the
study, and found that kestrels composed approxiyn2té% of the prey items taken by
goshawks. At this rate, they estimated that 20spzfinesting goshawks (the estimated
population level) would kill approximately 115 ket per year. This value was higher than
the estimated springtime population of kestrelghecauthors concluded that the goshawks
were creating a population sink for kestrels inKinedler forest. Short-eared owls, another
diurnal species, where found to decline in numbées the introduction of goshawks, but
because of more temporally fluctuating populatithvat were related to prey abundance, a

statistically significant relationship between thember of short-eared owls and the number
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of goshawks could not be established. No populatexiines were noted for long-eared
owls and tawny owls. These species were expectbd tess vulnerable to goshawk
predation because of their nocturnal habits.

2.5.3 Intraguild Habitat Use
Hakkarainen et al. (2008) found that yearlong siaivof male Tengmalm’s (Boreal — USA -

Aegolius funereus) owls (n=209) in Finland increased as the pergentd old forest (>152

m°/ha and approximately 80-100 years of age) increasthin a 314 ha (1000 meter radius)
circle located around the bird’s nest. However,ah®unt of old forest in all of these circles
was relatively low, ranging from a low of 2% to igln of 37% (mean approximately 12%).
Data were reported for five years and survivalrg given year was dependent on the vole
(Microtus spp.) population. Annual survival varied from yearyiar. Survival was low in
two years of declining vole populations regardiglsthe old forest cover value. In the other
three years of increasing vole abundance, survima¢d and was highest in 1988-1989.
Birds using nest areas with over 20% old forestisad at rates of 100% in that year. In
1994-1995, there was a dramatic linear declinaeiiigal rates, ranging from a high of
approximately 75% in nest circles with the maximaich forest cover value (37%) to only
about 10% in nest circles with minimal old foresver values (2%). Differences were not
as pronounced in 1991-1992 and ranged from ab®ati6hest circles with the maximum
old forest cover value (37%) to about 50% in n@stes with minimal old forest cover
values (2%). No configuration metrics were repoftedany of the nest circles.

Sonerud (1985), working in Norway, examined predegtationships of three owl
species (Hawk owlurnia ulula, weight 270-380 grams, Tengmalm’s owl! or Boreal,ow

weight 126-194 grams and the Eurasian Pygmy-Q¥aucidium passerinum, weight 67-83




103

grams. He found that the smaller pygmy-owls geheradsted in dense spruce forests, while
the other two species nested in more open areaseTldbservations are consistent with
previous observations of Northern Pygmy-Owls (Giese Forsman 2003, Sater et al. 2006)
and results from this study. In all three studpgmy-owls were found to prefer older
structurally diverse forests.

Individual trees, in clearcuts or open areas, voéien used for nesting by the hawk

owl and the Tengmalm’s owl. In Sonerud’s study atlea pine marteriMartes martes) was

a major nest predator of the hawk owl and Tengmabwil, but the marten did not bother
nesting pygmy-owls because the nest diameter sad by the pygmy-owl was too small
(usually between 43-55 mm) for the marten to emare martens had no trouble entering
the larger diameter nest holes of the other twaisge

Pine martens are known to favor dense spruce halaita in Sonerud’s (1985) study
area there was a significant overlap in habita¢siugy pygmy-owls and pine martens.
Sonerud (1985) speculated that this was a grearaage for the smaller pygmy-owl
because while it was vulnerable to predation byother two owl species, it was not
threatened by the marten. By utilizing the densdnithts the risk of predation by the other
owls was much lower since these species avoidedehser forested areas inhabited by the
marten. It is likely the additional fragmentatioowd negatively affect both the marten and
pygmy-owl in this system.

Another study on eagle owlIBibo bubo) and black kitesNlilvus migrans), in Italy,

showed that black kites generally avoided nestewy eagle owl nests (Sergio et al. 2003).
No kites successfully fledged young within 1 kmaofeagle owl nest. Because kites and

eagle owls favored similar habitats for nestingppeared that either kites were spatially
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avoiding the eagle owl nests or that owls werectiely removing them from the habitat
surrounding their nest. In either case, kite nestded to end up on the periphery of the core
areas used by eagle owls and often were locatecebateagle owl home ranges.

Sunde et al. (2003) investigated diurnal behavidraavny owls and were interested
in mortality due to diurnal raptors (mostly goshayvklrawny owls are generally active in
the night and roost during the day in dense foliabere they are less exposed to predation.
However, diurnal raptors were still responsible#8f6 of natural owl deaths of radio
tagged birds (n=15). The authors found that mosiede losses occurred during the
breeding season and were often associated witbliihgrs in their first five months of life.
During this time, the young owls tend to be foutaser to the ground and in more exposed
areas. The authors speculated that this mightthelfess experienced owls capture prey,
and that they may need to forage more in the dayeet their needs.

Parent owls often adopt more exposed roosting gitesag the post-fledgling
season; presumably to watch for predators andwviigtpfledgling defense should a predator
appear. The authors found that both adults andhjlesswere more vulnerable to predation
during this time period. They speculated that adwkre more vulnerable due the exposed
roosting locations and juveniles were just morengtdble due to poor flight ability, begging
behavior and inexperience. Based on the numbexdid days that they tracked various age
groups and the number of mortalities the autharsmased vulnerability in different time
periods of the year. What they found was that breeddults were two and a half times as
likely to be killed during the first 45 days affevenile fledgling as they were during the
remainder of the year. During this time, the adtdtaain with the juveniles and used more

open areas for roosting.
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Juveniles were killed at high rates (6 times thaltagbn-breeding season rate) in the
time period from 45 days after fledging until th&pp begging for food at 55 to 83 days
after fledging. Several factors, likely, influenites situation: 1) the act of begging may
attract other predators 2) juvenile birds have glgit abilities and reduced ability and
experience in avoiding predators and 3) their [afcéxperience in hunting may require them
to use more open habitats were foraging is le$gwdlif or require them to hunt more during
the day than more experienced adults. In the twothsoafter they stop begging (considered
as evidence of independence in the study) vulnkraisi reduced to 4 times the adult non-
breeding rate and finally by the fourth month aftetependence, vulnerability is reduced to
a level similar to that of adults.

2.5.4 Fragmentation Effects
Studies on the effect of fragmentation on raptoesrelatively rare in the literature and it
does not appear that anyone has made a dirediditmkeen habitat fragmentation and an
increase in intraguild predation in raptors. Olst@l. (2004) compared spotted owl survival
and fecundity based on habitat variables calculatédn three different sized circles
(scales) around the nest tree (600-meters — appadeisize of core use areas around the
nest, 1500-meters - approximate home range fotexgpotvls during the nesting season and
2400-meters — a size thought to incorporate mastewspotted owl movements). Their
models suggested that survival and productivityensdten tied to factors other than habitat
including factors like the age of the breeding paiecipitation during the spring nesting
season or winter weather. They were disappointéaddhat the habitat factors they
measured only accounted for 14% of the variabifitgurvival rates and only 3% of the

variability in rates of productivity. Although, thiealculated a variety of metrics for the
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landscapes they were examining with Fragstats; tiest model for survival suggested that
survival was tied to the amount of old and mid-k&naest within the 1500-meter circle.
This relationship was non-linear with survival peakat approximately 70% and declining
as the amounts of old and mid-seral forest eithereased or declined. In contrast, they
found that productivity (mean number of young pairywas best estimated by the amount
of edge between old and mid-seral forest and dftp&s (mostly young forest - clearcuts or
natural openings). This relationship was lineahwiicreasing productivity being tied to the
amount of edge habitat measured in meters.

Grossman et al. (2008) conducted a study on tleetsfbf fragmentation on three

owl species (Great Horned Ovidubo virginianus), Barred Owl Grix varia) and Northern

Saw-whet Owl Aegolius acadicus). They examined owl abundance of the three spéties

95 — 3-km x 5-km “landscapes”. These “landscapesewocated in an agricultural area of
southern Alberta, Canada and arranged so that m6lanwdscapes” were within 2 km of
each other. This distance was selected to be léngarthe average radius of Barred owl
home ranges, which was the widest ranging speciteeir study.

Owl abundance was determined by placing five cgléitations within each 3-km by
5-km landscape. Calling was done at night andastatwere uniformly distributed over each
landscape so that they were separated by 1.6 kaerdhis configuration the five stations
fit nicely within the 3-km by 5-km landscape andi€aould reach most areas within the
landscape.

Landscape metrics were developed for each of tHarfifscape areas using two
classes (forest and agriculture/other). Landsceyaes selected prior to the owl surveys to

give a wide range of variation in the amount oe&ircover. Six classes, based on the
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amount of forest cover, were utilized in the satatprocess: 0-15%, 16-25%, 26-35%, 36-
50%, 51-65%, and 65-100%. Metrics that were andlyad-ragstats included: percent
forest edge, forest edge length, forest mean ateh standard deviation of mean patch
area, mean distance between forest patches arsd forgagion.

Saw-whet Owls were the most abundant species i83Handscapes (mean 2.3,
standard deviation 1.68, range 0-8.0), Great-Hooweld were the second most abundant
(mean 1.8, SD 1.95, range 0-9.5) and Barred om=a(n®.25, SD 0.56, range 0-2.0) were
least abundant. At least one owl species was fau80 of the 95 landscapes. All three
species were affected by the amount of forest cd®anred owls were most common when
the amount of forest within the landscape exce&®8d, Great-Horned owls were most
common when the amount of forest was between 3@&%g and Saw-whet owls appeared
to be the most versatile being present in 90%Ildéatscapes with over 15% forest cover.

Landscape configuration appeared to be importaexjphaining the variability of
abundance of the three species. All models werkiata with Akaike’s information
criterion (AIC). Great Horned owls were shown torbest abundant in heterogeneous
landscapes. In addition to forest cover, increasésrest patch area standard deviation and
in the length of forest edge proved to be usefubides for predicting the abundance of this
species. High contagion values along with highegdbcover values were most important in
predicting the abundance of Saw-whet owls. Theds appeared to be able to survive in
landscapes with less forest cover, but they need®é clumped habitat distributions to be
successful. The authors speculated that becaukeipEmaller home range size these owls

were able to use smaller patches of habitat thawttier two species. Barred owls were
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most common in landscapes that had the largest paah size and most cover, and
indicated that this species tended to avoid fradeteagricultural landscapes.
2.6 Conclusions

Intraguild predation appears to be an importaneetspf raptor ecology, but testing
how this aspect of predator ecology affects rapbgulations is a difficult process.
Intraguild predation is dependent on the particafgcies that are involved and small
species like the Northern Pygmy-Owl are likely sorhost affected. However, sorting out
how intraguild predation is influencing overall pogtion responses and how forest
fragmentation is influencing this relationship idifficult process. It is likely that much
higher sample sizes than are currently availablebsirequired to sort out this relationship

for the Northern Pygmy-Owil.

In this study, Northern Pygmy-Owils that did not@wab to intraguild predation
generally utilized habitats that appeared to hage fragmentation. Survival was
significantly related to the amount of forest coggceeding 22.9 cm DBH around known
locations and increased significantly as the amotifdrest cover increased. Owls with
areas of use that had over 60% older forest catands with average diameters exceeding
22.9 cm) had survival levels exceeding 92%, whilly 0% of the owls with intermediate
levels of forest cover between 46 and 58 percemnivad. All owls with less than 41%
older forest cover around their area of use wesetintraguild predation in this study.
Open edge length and contagion values appearesllas$ significant predictors of survival.

Some birds survived and successfully producesgan areas that had
fragmentation levels that were greater than or eguidnose observed for owls that were lost

to intraguild predation. One female, that survieed successfully raised four fledglings,
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had only 47% older forest cover exceeding 22.9 @i [n the 1000 meter circle around
her known locations. In contrast, another male @wVived for at least one year (the
longest period in this study) and his area of asedgfined by the circle around his radio
locations) was composed of large proportion of ofdeest (greater than 22.9 cm DBH)
exceeding 91.3%.

Olson et al. (2004) found that many other factoshsas age, prey availability,
weather, impacts of non-guild predators and premdance all affect population responses.
In this study of Northern Pygmy-Owls, the data sgig that intraguild predation and
habitat fragmentation may be playing a role. Howgtree sample size is small (n=26) and
the relationship between mortality and fragmentati@s not clear. For example, all owl
mortalities (n=10 of 26 birds) were due to intrddyoredation and all of these mortalities
appeared to occur in habitats that had some deffemgmentation. However, the amount
of fragmentation varied for the different birds.n®birds were lost in areas that had
moderate levels of fragmentation and others weseitoareas that were considered heavily
fragmented. In some areas, mortality appeared tsbeciated with riparian leave strips in
landscapes that were heavily harvested. There meeather causes of mortality in the study.

My data is consistent with other previous studieNarthern Pygmy-Owls. For
example, Giese and Forsman (2003) and Sater (@08&l6) found that Northern Pygmy-
Owls generally utilized older structurally diverfeeests. | found similar habitat use patterns
(Chapter One) and believe that older forests phayrgoortant role in preventing intraguild
predation on this species.

My findings on the high rate of mortality of NortinePygmy-Owls are consistent

with work by Giese and Forsman (2003) and DeshidrMurphy (2012). Deshler and
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Murphy (2012) reported high turnover in NortherrgRy-Owl populations. In a three year
examination of the same 10-12 nesting territotiesy found that nesting territories were
seldom occupied by the same birds. Although arfeale owls returned to the same nesting
territory in subsequent years, female owls wereega@ly different. No banded fledglings
(n=26) were ever observed as breeding adults isesjutent years. Like this study, no
previously marked owls were ever re-trapped by &asl Forsman (2003).

2.7 Management Implications

This study suggests that Northern Pygmy-Owils seraind successfully breed in managed
landscapes. However, the maintenance of non-fratgdeareas with forested stands that
have an average DBH exceeding 22.9 cm is impottaNbrthern Pygmy-Owls. | believe it
is important to maintain a significant portion b&tlandscape in older stands and suggest
that some of those patches be at least 300 hedtesez®. This patch size would
accommodate the territory size of most NorthernnRy@®wls. Longer timber rotations
would likely better achieve objectives for North&ywgmy-Owls. My analysis suggests that
landscapes that support greater than 60% forest ¢owtands that have a minimum DBH
of 22.9 cm reduce mortality significantly. Wideusffers along streams also appear to be
important for Northern Pygmy-Owls and reducing tivenber and distribution of narrow
buffer leave strips is likely to decrease mortalitanagement actions that integrate
upslope areas with significant forest retentionslope areas are more likely to be more
successful than strategies that allow intensiveagament of upslope areas and minimal
narrow buffer strip protection. | suggest rotai@nd patch sizes that are closer to natural

disturbance events.
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Chapter 3 —Assessment of Genetic Differences in Nbern Pygmy-Owls Glaucidium
gnoma) Using DNA Microsatellites, and the Use of DNA Anlgsis to Sex Northern

Pygmy-Owls

3.1 Abstract

| examined five polymorphic microsatellite locidetermine genetic variation in 33
Northern Pygmy-OwlsGlaucidium gnoma) from Idaho, Montana, and British Columbia. |
also tested two DNA primer sequences to evaluaie tiility for determining sex on this
monomorphic species. | found no genetic differermeclustering in samples from Idaho,
Montana, or British Columbia. | found no uniquéekds in either Montana or British
Columbia that distinguish them from Idaho birdssplte these populations being 300-500
kilometers (km) from the Idaho population. Thie tesults did not corroborate the current
subspecies status Gf g. swarthi of British Columbia ands. g. pinicola of Idaho and
Montana. Genetic analysis accurately (100%) assigiender to birds of known sex and in
most other instances was congruent with the “pte@agender that was assigned by owl

weight and behavior prior to DNA analysis.

3.2 Introduction

The Northern Pygmy-OwlGlaucidium gnoma) is a small owl species found in Western
North America. Its range extends from southeaatskd to northern Mexico along the West
Coast and down the Rocky Mountains from Britishu@dbia to northern Mexico. The
Northern Pygmy-Owl is commonly associated with $beel areas and is generally thought
to prefer areas of older mature forest (Giese amdriran 2003). The Northern Pygmy-Owl

is considered to be non-migratory. However, Naritfeygmy-Owls are known to move to
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lower elevations during winter in response to iasieg snow depths (Hannah 1999). G.
Frye (Rocky Mountain Front Institute, pers. comdofumented a winter movement of
approximately 20 km by an owl along the easterntfod the Rocky Mountains near the
town of Choteau, Montana. Frye found that NortHeygmy-Owls generally moved east
from higher elevation sites in the Rocky Mountam$ower elevation sites in the foothills

and neighboring lowlands during winter.

Since Northern Pygmy-Owls are generally non-mignaexcept for possible winter
altitudinal shifts, | hypothesized that genetideliénces may exist between populations or
geographic areas. The second objective was tondieie if genetic methods could be used
to accurately assign gender to Northern Pygmy-Owls difficult to accurately sex this
species in the field. For this study, | used mght to assign gender. Bird behavior, i.e.,
female birds remain in the nesting cavity duringstraf the nesting season and are fed by
male birds during that time (Holt and Peterson 20@8@s also used to determine sex. |
hypothesized genetic analysis would be a much macarate method of determining
gender of Northern Pygmy-Owils than just using biodgs and/or behavior-based

predictions in the field.

A few studies have done some genetic testing @waNorthern Pygmy-Owls as
part of investigations of other owl species. Faaraple, (Proudfoot et al. 2005) examined
four Northern Pygmy-Owls as part of their work agrfeginous Pygmy-OwlgGlaucidium
brasilianum). In trying to establish owl family relationship#/ink and Heidrich 2000,
Wink et al. 2009) also examined Northern Pygmy-Owle my knowledge, this work is the

first review dedicated strictly to Northern Pygmyvlpopulation genetics.
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3.3 Study Area

To test these hypotheses | obtained blood anddeaftom owls in northern Idaho (within
80 km of Moscow), Vancouver Island, British Columlind the Rocky Mountain Front
Area (Choteau vicinity) of western Montana (Fig@rg&). According to Holt and Peterson
(2000), the Vancouver Island population is congdex different sub-specieS.(g. swarthi)
than Idaho and Montana populatio® ¢. pinicola). Samples of the Vancouver Island
population were collected at least 530 km fromltfaho study area, and Montana samples

were collected at least 325 km from the Idaho stuega.

Figure 3.1 — Northern Pygmy-Owl Species Range ande&etic Sampling Locations
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3.4 Methods

| examined tissue of 33 Northern Pygmy-Owls froopylations in Idaho and
Montana in the United States and Vancouver IsIBnitish Columbia in Canada. Most of
the samples (n = 25) were collected in northerhad@om wild trapped Northern Pygmy-
Owls. The Rocky Mountain Front Institute providea feather samples from western
Montana and the Pacific Northwest Raptors, Ltdimcan, British Columbia provided
seven feather samples, but two of these birds Wwewe/n siblings and proved to have the
same allele signature at all five loci. The sanffen one sibling was not used in the

microsatellite analysis, but | did determine genaofahis bird with DNA methods.

| extracted DNA using a DNeasy kit from Qiagen, &fadia, CA. | followed
extraction protocols developed by Bush et al. (3006avian blood and body-contour
feathers, but changed protocols slightly for bdtrotd and feathers. | modified the blood
protocol by mixing all of the blood samples witlsily buffer (Longmire et al. 1988)
immediately after the sample was collected in tblelf The lysis buffer was then
substituted for the initial buffer described by Biet al. (2005). From that point, | followed
the Bush et al. (2005) protocol exactly. Samplesavkept in a cooler for transport and

frozen as soon possible upon return from the field.

For feather samples | followed the Bush et al0O8)(protocol as written, except that
| used tips of approximately 5-6 plucked body feash Northern Pygmy-Owl body feathers
are very small and delicate and | felt additiorathers would assure successful extraction.
Feathers from Idaho birds were placed in coin eaped and each envelope was placed in a

plastic bag with a small amount of granular desitcd he samples were transported from
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the field in a cooler and kept frozen until jusioptto extraction. Exact treatment of the
British Columbia and Montana feathers is unknowurt,rhost were from frozen or recent
collections. These feather samples were sent liytonihe Idaho laboratory and no special
precautions were made to keep them cool duringp@m. Because of CITES requirements,

transport of British Columbia samples took over tmeeks to reach Idaho.

| completed DNA analysis on 25 Northern Pygmy-Ofiben Idaho. The ldaho
samples were assayed using blood (n = 10), featherd.0), or both blood and feathers (n
=5). |did not analyze blood from Northern Pyg@y#s of British Columbia or Montana,

the analysis of owls from these areas is basedegntin feathers.

| conducted a limited investigation into possiblierosatellite DNA and sex
determination primers that could be utilized fastspecies, based on previous work of
Proudfoot et al. (2005), Kahn et al. (1998) andiélfsson and Ellegren (1999). | used five
primers that Proudfoot et al. (2005) developed=emruginous Pygmy-Owls and later tested
for cross-species amplification. The cross-speamglification tests revealed polymorphic
loci among four Northern Pygmy-Owls. Kahn et &4B98) and Fridolfsson and Ellegren
(1999) developed molecular methods for sex detetiain in birds and tested these
methods on a variety of species including somespsties, but not the Northern Pygmy-

Owl.

For microsatellite analysis, | used recommendedliitions for polymerase chain
reaction (PCR) described by Proudfoot et al. (2@&)modified these recommendations
slightly as | gained experience with the primerécreased the size of the reactions talR0

and included the following components: QlZ50Taq Flexi DNA Polymerase (Promega -
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Madison, Wisconsin - Gnits/ul), 4 ul manufacturer-supplied (Promega) 5X buffer, dl.af
MgCl, (25 mM), 1.8ul of dNTP (0.2 mM), 1l of fluorescently-labeled forward primer (10
pmoliul), 1 ul of reverse primer (10 pmal), 9.8ul of ddH20, and 1 ul of DNA template
(estimated concentration, ca. 50 ng/microlitefERRconditions were the same as those
described by Proudfoot et al. (2005), except theteld 39 cycles for Primer FEPO_25 and
slightly different locus specific temperatures:iti@ denaturation at 92C for 4 min,
followed by 35 [39 for FEPO__ 25] cycles of denatima for 30 seconds at 9€, annealing
for 30 s at locus specific temperatures (Appendik Bnd an extension of 30 s at’®@ A

final extension at 72C for 4 min succeeded the last cycle.”

For sex-identification | used ail7fPCR reaction originally developed for greater
sage-grousedentrocercus urophasianus) at the University of Idaho Laboratory for
Conservation and Ecological Genetics, which inctuthe following: “3.5ul Qiagen Master
Mix (2X), 0.70ul Q-Solution (5X) — (Qiagen, Valencia, CA, USA), @1(10uM)
fluorescently-labeled primer (Kahn et al. 19984 @.(10 uM) fluorescently-labeled primer
(Fridolfsson and Ellegren 1999), uBddH20 and 1.0l of DNA template. PCR
conditions included initial denaturation at @ for 15 minutes, followed by 8 cycles of
denaturation for 30 seconds at®@4 annealing for 1.5 minutes at 5°C5 and extension at
72°C of 1 minute, followed by 37 cycles of denaturatfor 30 seconds, annealing for 1.5
minutes at 4%, and extension at 72 of 1 minute. A final elongation at D for 30

minutes succeeded the last cycle.”

I measured amplicon size using a 3130x| ABI Gengtialyzer (Applied
Biosystems, Inc., Foster City, CA). Amplicon leingtvere calculated by comparison to

GeneScah" -500 LIZ 500 size standard (Applied Biosystems, )lifior microsatellite loci,
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and initially | used GeneScBh-600 LIZ 600 for sex-determination loci. Howevier)ater
sex-determination runs | only used the Kahn et1&l98) primer set and this was compared
to the GeneScal -500 LIZ 500 size standard. | viewed base paigtlerand assigned
alleles in program Genemapper (Version 4.1). Aoguis that did not exhibit a sufficient
peak height above background, set at 100 RFU, m@rscored, and PCR was repeated

until 1 obtained at least three consistent redolt®ach sample.

The program GENEPOP (Version 4.0.10) was useestofor Hardy-Weinberg
equilibrium using Option 1 — Hardy Weinberg Exaesis and the Sub-option 3- Probability
Test (Raymond and Rousset 2011). This option meslan estimation of P-Values using
the Markov chain method. | also used Option 5 —§ption 1 — Basic Information to
calculate the number of observed and expecteddmtgotes and the F-statisti€ §) which
is a comparison of individual and sub-populationdure (Weir and Cockerham 1984,

Robertson and Hill 1984).

| used program STRUCTURE-Version 2.3.3 (Pritchetrdl. 2011) to test for
clusters of genetically similar individuals. | agsed three populations (Idaho, British
Columbia, and Montana) for the analysis and ramptibgram for 500,000 iterations (burn-
in) and 500,000 repetitions. | assumed defauliesl (Admixture Model, Allele
Frequencies Correlated, and Compute Probabiliyaté [for estimating number of clusters
—K]). Iran the initial model for three differel@vels of K (1-3) and also tested the Idaho
population independently to see if any clusteriagld be seen in these samples. | initially
used four different clusters (K-4) for the Idah@ptation which | based on groupings of
capture locations. | also ran tests for all sustérs (British Columbia, Montana, and four

clusters in Idaho).
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3.5 Results

| was able to successfully extract DNA from allcotlected samples on the first
attempt except for one bird from Montana (Appere®). | reran this sample and extracted
DNA on my second attempt, but could not get the@aro amplify at locus FEPO_25.
This locus also proved difficult for some of théet samples and was the only locus that
was not in Hardy-Weinberg equilibrium for the Idgbapulation (Table 3.1). | could detect
no significant difference between feather and blsahples in regard to amplification or

extraction success.

Allele nucleotide lengths (Appendix E1 and Tabl2) 3)enerally agreed with the
findings of Proudfoot et al. (2005) for the Fermgiis Pygmy-Owl. | found no unique
alleles in either the Montana or British Columb@pplations. All alleles observed in
Montana (n = 2) and British Columbia (n = 6) welsdound in Idaho (n = 25). With the
exception of locus FEPO_25, observed heterozygoesity/similar to expected

heterozygosity in the Idaho population.

| do not report Hardy Weinberg,dand heterozygosity (Table 3.1) results for British
Columbia and Montana populations due to small samsizies. Unreported results for all 33
samples (ldaho, British Columbia and Montana) veamelar to results | report for Idaho. |
found no evidence of clustering of individuals opplations using program STRUCTURE.
All of the tests indicated that genotypes were #yli&ely to be found in all of the
predefined populations. Thus when | ran the pnograth three pre-defined populations (K
= 3) all individuals displayed equal probabiliti@s333, 0.333, 0.334) of being in each of
the populations. Similar results were generatedefeel K-1 to K-6. Thus, when | selected

two populations individual results for each owl weesr the value of 0.500, suggesting that
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all of the owls were equally likely to be foundeither predefined populations. | also ran
program STRUCTURE without locus FEPO_ 25, but thasrabt result in any significant
changes to the results.

| tested all 33 individual owls to determine denand an additional sibling from
Canada that was not used in the microsatelliteyarsa{Appendix E2). With the Kahn et al.
(1998) primer set | was able to successfully dei@ersex of six Northern Pygmy-Owils
whose sex was known prior to DNA analysis. Usimgkahn et al. (1998) primer set, |
successfully predicted the sex of 18 Idaho owlsseheeight at capture was known (female
owls are generally 10 grams heavier than malesfigaddditional owls from Canada
whose probable sex had been determined by persahRekific Northwest Raptors, Ltd. |
found a base pair length of approximately 260 ratades for the Z chromosome amplicon
(male) and 275 nucleotides for the W chromosoméiamp(female). | was unsuccessful
determining sex of Northern Pygmy-Owls using Frisebn and Ellegren (1999) primers.

Weights of two Idaho owls (ID_4, and ID_11) warghe mid-range of weight
values making sex determination by weight quesb&aDNA analysis with the Kahn et
al. (1998) primer set suggested that these two awte both males. Owl BC_34 (Sibling
of Owl BC_33) was initially identified as a male pgrsonnel at Pacific Northwest Raptors,
Ltd., whereas DNA analysis suggested that it wisrale. Subsequent discussion with
personnel at Pacific Northwest Raptors, Ltd. sutggethey were not sure about the sex of
this owl. | reran these samples three times amdhgosame results each time. | had no
prior knowledge of probable sex of the two Montairds which were both determined to

be males.



120

3.6 Discussion

| successfully extracted DNA from both feathers hlabd of Northern Pygmy-Owils using
protocols established by Bush et al. (2005). htbthat five primers that had been
previously identified by Proudfoot et al. (2005) feerruginous Pygmy-Owils also worked
successfully for Northern Pygmy-Owls. HoweveratHdifficulty (inconsistent results) with
primer FEPO_25 during the investigation and samipéekto be run many (5-11) times in
order to make final allele determinations. Simpavblems were encountered with primer
FEPO_25 by Proudfoot et al. (2005) in their stutliferruginous Pygmy-Owls (GA

Proudfoot — pers. comm.). | did not have similasigpems with the remaining four loci.

| had the most difficulty obtaining consistentuks with heterozygote samples
rather that homozygote samples for primer FEPO L2fsus FEPO_25 had the lowest
percentage of heterozygote samples of all examowdnd was out of Hardy Weinberg
equilibrium according to the analysis. Proudfaadle (2006) also reported that this locus
was out of Hardy Weinberg equilibrium in their keginous Pygmy-Owl study. | found that

11 of 33 owls were heterozygous at locus FEPO_25.

At locus FEPO_25 Genemapper analysis provided bitaraus calls for twenty-
three samples, but | had to redo the PCR on nimples multiple times (5 to 11) in order to
make calls. Eight of these more difficult samplese heterozygous. | generally added
more DNA and/or modified annealing temperatureswiheran these samples.
Heterozygous samples generally had lower peak tee{800 — 600 RFU) compared to
homozygous samples (6000-8900 RFU). One samplé MOwi1l) showed weak peaks
(<100 RFU) and I did not consider the results bd#a Locus FEPO_25 exhibited high

allelic dropout rates and | do not recommend itffdure studies of Northern Pygmy-Owils.
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Interestingly, Proudfoot et al. (2006) reported tbaus FEPO_25 was out of Hardy

Weinberg equilibrium in their analysis of 11 loor the Ferruginous Pygmy-Owl.

For loci FEPO 5 and FEPO _17 there was direct opextall alleles between my
study of Northern Pygmy-Owls and a similar studyefruginous Pygmy-Owls (Proudfoot
et al. 2005; Table 3.2). For loci FEPO_25 and FEPQ had general agreement with
Proudfoot et al. (2005), but I did have slightinder nucleotide lengths at the upper end of
ranges for both of these loci. For example, Proodét al. (2005) had a range from (180-
216) for FEPO_25 while my range was (192-220). FHePO_27 Proudfoot et al. (2005)
had a range of (100-140) while my range was (125-14y measurements appeared to
have a two nucleotide longer size difference atddeEPO_27 (for example 144 vs. 146). |
saw the most difference between the two differpeteges at FEPO_43. Proudfoot et al.
(2005) reported a range of (163-227) while | foandnge of (216-264). My measurements
at locus FEPO_43 also suggested a ubiquitous Eaotitk longer size difference (for
example 215 vs. 216). | ascribe nucleotide difiees in length for primer FEPO_27 and
FEPO_43 to standard variation that occurs betwéfopms and polymers used to

determine fragment size.

A comparison of base pair length at locus FEPJo#ABlorthern Pygmy-Owls and
Ferruginous Pygmy-Owls (Table 3.2) suggests thealedlength may be longer in Northern
Pygmy-Owls. However, there still appears to berlapebetween allele sizes for the two
species. This was not the case for the otherlémiimnvestigated in this project, which all
had near complete overlap in allele size with Pfooidet al. 2005 (Table 3.2). Itis
unknown if this difference might be useful in asaigin separation of Ferruginous Pygmy-

Owls from Northern Pygmy-Owils in locations where tnge of these two species overlap.
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| found no clustering of samples or unique alléle¥ancouver Island owls, which
are currently considered a distinct subspeciesveéder, the analysis included very few
samples and only examined five loci. Future stuthay find genetic differences between

the two subspecies as more owls and a greater mwhloei are tested.

Success with sex determination primers was verylgath Kahn et al. (1998)
primers, but my initial use of the Fridolfsson dfitegren (1999) primers was unsuccessful
(Appendix E2). | suspect that this was not duarty problems with the primers, but rather
due to the size standard | used in the analysigrenthct that | was dealing with an owl
species. Fridolfsson and Ellegren reported thab©W fragment length for two owl
species they tested was 1.2 kb in size and nota!dB0 base pairs that they saw in most
other species. Since the initial protocol was Basesage-grouse and | used a size standard
of GeneScall! -600 LIZ, it is likely that | got inaccurate resilvhen using Fridolfsson and
Ellegren (1999) primers. After my initial unsucsgs runs with Fridolfsson and Ellegren
(1999) primers, | abandoned their use in favohefKahn et al. (1998) primer set. | did not
conduct any further testing of the Fridolfsson &fiégren (1999) primers and understand

that they have been successfully used for otherspeties (GA Proudfoot —pers. comm.).
3.7 Conclusions

Contrary to my initial hypothesis, | found no geoelifferences in three populations of

Northern Pygmy-Owls | studied. However, the sagite and number of examined loci
were both small due to limited funding and sampiglability. | found that four of five loci
initially identified by Proudfoot et al. (2005) féerruginous Pygmy-Owl also worked well

for the Northern Pygmy-Owls, but one locus (FEPQ&ipeared to have high allelic
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dropout rates and | do not recommend it for fusitglies of the Northern Pygmy-Owl. The
use of primers developed by Kahn et al. (1998) @dasuccessful for determining gender of

Northern Pygmy-Owls with molecular methods and eai@ly determined sex in all cases.

Table 3.1 - Hardy Weinberg, ks and Expected/Observed Heterozygosity Test Results

Locus (Idaho Hardy Standard Expected Observed Fis Fis
Population  Weinberg Error Heterozygote's Heterozygotes
Only n=25) (P-Value)

FEPO_O05 0.6294 0.0146 19 20 -0.0538 +0.0157
FEPO_17 0.1107 0.0072 18.7 21 -0.1263 -0.0974
FEPO_25 0.0000 0.0000 20.4 9 +0.5632 +0.5411
FEPO_27 0.0804 0.0088 20.7 20 +0.0342 +0.1079
FEPO 43 0.7568 0.0184 22.6 24 -0.0618 -0.0488

1 Computed using Levene’s correction factor
2 Weir and Cockerham 1984
3 Robertson & Hill 1984

Table 3.2 — Comparison of Allele Size Ranges and Kibers of Different Alleles
For the Ferruginous Pygmy-Owl (Proudfoot et al. 208)
And the Northern Pygmy-Owil (this study)

Primer name Allele Size No. of Alleles  Allele Size No. of Alleles
(Proudfoot et al. Range for for Range (This (This study)
2005) Ferruginous Ferruginous study)

Pygmy-Owils Pygmy-Owls
(Proudfoot et  (Proudfoot et

al. 2005) al. 2005)
FEPO_05 237-281 13 241-269 7
FEPO 17 141-177 10 145-165 6
FEPO_25 180-216 11 192-220 8
FEPO_27 100-140 9 126-146 8

FEPO_43 163-227 16 216-264 12
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Appendix A

Habitat Extrapolation to Unsampled Stands
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Characteristics of available habitat were deterchiinem United States Forest Service
(USFS) inventory data for the Clearwater NationadeSt and nearest neighbor projections
(Crookston et al. 2002, Crookston and Finley 2008yentory data were downloaded from
the Clearwater National Forest website

(http://lwww.fs.fed.us/r1/clearwater/gis/vegetatidw/dnventory) accessed on 1/9/2010 and

includes information from the table “cstands_conf@@#P5”. This table represents a
summarization of the data from all field exams agtdd on the Clearwater National Forest
according to guidelines of the Region 1 — Timben8tManagement Record System
(TSMRS) up to August 25, 2009. Inventory dataaiblé “cstands _combo090825” were
updated by the forest service using the Forest dtéiga Simulator (FVS — Crookston et al.
2003) model to 2009 so that all data are consisteatcommon year

(http://lwww.fs.fed.us/fmsc/fvy/

| then worked to compute “most similar neighbordjpctions for stands with
missing data (Crookston et al. 2002, CrookstonFRinkty 2008). The goal was to predict a
“USEID” for every stand in the study area and U information to predict fine scale
variables, such as, major tree species, basalamdaverage diameter breast height for each
unsampled stand in the project area. | wantedatwimunsampled stands with the “most
similar neighbor” field sampled stand in table“c&ta_combo090825” and use that
information to predict values for unsampled stafide USFS data represents the most
comprehensive locally collected vegetative infoliorativailable for the study area and my
goal was to produce an accurate map that wouldajispese values across the entire study

area.
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Using the 2009 satellite imagery and the zonaisttes tool in ArcGIS 10, |
calculated an average color signature for eacldgtalygon in the red, green and blue
bands. | calculated average slope and elevatioeath stand polygon using a digital
elevation model (INSIDE IDAHO — National Elevati@ataset, 10m) and the “Spatial
Statistics Tool” in ArcGIS 10. Average aspectéach polygon was calculated as a
categorical variable in 8 categories (N, NE, E, SESW, W, and NW) because of the
difficulty of averaging aspect data (i.e. Averag&860 and 0 = 180). | used the most
common raster aspect value to make this deterromafror example, if the most common
raster aspect value was between 337.6 and 22.5tahd polygon would be considered to
have a Northerly (N) Aspect. The x and y UTM copaties were calculated for the centroid
of each stand.

These data formed the basic building blocks fanmg “yalmpute” program in
program “R” (Crookston 2008). I, initially, useldet following “X” variables: STAND _ID,
x-UTM coordinate, y-UTM coordinate, Average Colagisature- Red Band, Average Color
Signature — Blue Band, Average Color Signature ee@Band, Slope, Aspect and
Elevation. The independent “Y” variable was “USEH> downloaded from table
“cstands_combo090825”. | then used the “forusefic@and to predict the “most similar
neighbor USEID” for all stands without values (iState, private and the one missing data
USFS stand). | made several runs with the mosiaeguhe numerous available methods
(raw, Euclidean, mahalanobis, ica, msn, msn2, gnd,randomForest) and then visually
compared the resulting stand maps (as determin&tBIiBiD) to my visual observations on

the satellite imagery.
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In the end, | saw problems with all stand maps geed in this manner, but the
analysis suggested that the “raw” method using trdyred, green and blue color signature
gave the best results. When variables such agxoordinates, slope, aspect and elevation
were added to the model, visual comparisons ofdlelting stand maps as compared to the
2009 satellite imagery suggested that these mapsafenuch poorer quality than the maps
produced by merely relying on the color signatureaxh polygon. Errors in expected size
class were generally 20-30% higher as these additiariables were added to the model.
Likewise, maps generated by more complex methocls a8 Euclidean distance had similar
problems and | saw more errors in expected sizs@a compared to the visual
observations.

Following the completion of “yalmpute” runs, | ndvad complete stand coverage
for the entire project area. In addition, to Wsual classification of stand structure and
crown closure of all stand polygons; | now had &8ID” for all stand polygons in the
study area. This allowed me to make “most simmiEighbor” projections for all unsampled
stands based on locally collected field data.

After running the “yalmpute” program to assign “rhesnilar neighbor” projections,
| noticed there still appeared to be some errostand assignment. | further cross-checked
the data set using ArcGIS query tools and visugpection of predicted stand
characteristics. As a result of this final pro¢gélse recommended “USEID” was modified
on 1548 stands or 18.3% of the total. When a émncy between “USEID” and the
satellite imagery was discovered, stands were neadify selecting an alternate field

surveyed stand for a new “USEID”. When modifythg computer generated “USEID”, |
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always attempted to utilize a stand with a sinfalor signature and similar visual

appearance on the satellite imagery to the standestion.
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Appendix B

Summary of Available and Used Habitats
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The entire project area contains 87,762 hectaré@ssdocated in the western two-
thirds of the Palouse Ranger District of the Cledtiew National Forest in Northern Idaho.
Intermingled ownership categorizes the area wifir@gmately 49.7% of the land managed
by the Clearwater National Forest. The remainargls are primarily managed by industrial
forest landowners (27.3%), the State of Idaho (7.886 small non-industrial landowners

(15.7%).

Radio tagged owls utilized a smaller portion of ldwger project area which |
categorized by placing 2500 meter radius circlesitad known locations of individual owls.
This area encompassed 34,815 hectares (Figuraridayas considered available to radio
marked birds. The data presented in this secsiomiénded to give the reader an overview

of available habitat conditions found in the arghzed by the radio marked owils.

It is interesting to note the difference betweendtand exam data and the remotely
sensed Vmap projections displayed in these tablesplecies composition. The remotely
sensed Vmap projections display a much lower péagenof grand fir, cedar and western
hemlock (33% of available habitat) than the staxahe projections (49% of available
habitat). Based on my field reviews of the propea and the fact that the stand exam data
is based on a much more extensive ground basedtoryel believe the stand exam data

gives a more accurate picture of species compasiithe project area.

Several variables were not used in the habitatyaisabecause they are highly
correlated with the parameters that | actually uesgtle synoptic model and the logistic

regression (Appendix B8-B13). However many of éhparameters are often used in the
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development of silvicultural prescriptions andlt feimportant to display their relationship

to the parameters that were actually utilized.

| have broken down the species groupings tha¢d urs the analysis to give the
reader a better idea of the species componenttahleain the study area (Appendix B8, B9,
B12 and B13). As can be seen in the followingdapmost stands on northerly slopes are
dominated by grand fir and sites on southerly dagge dominated by Douglas fir.
Lodgepole pine and high elevation species like kite fir and spruce are minor

components in the study area.



Appendix B1. — Continuous Variables (Available Haltiat = 34815 Hectares, Used = 638 Radio Locations)

Available Habitat Summary (34814.7 Hectares) Useldabitat Summary (638 radio locations)

Mean Standard Min. Max. Mean Standard Min. Max.
Deviation Locations Deviation
Slope % 24.9 14.9 0 161.2 26.1 15.3 0.5 77.7
Elevation (m) 977.0 123.9 644.1 1540.5 941.1 99.5 711.7 1300.7
Stream 151.6 127.9 0 992.7 83.6 88.3 0.1 608.7
Distance
TPHA 2226.0 4263.0 0 59755.7 2448.8 2137.6 0 19190.2
TDTPHA23 19.9 43.7 0 683.2 27.6 27.3 0 148.3
TDTPHA38 6.1 15.2 0 2725 7.9 9.0 0 74.1
Appendix B2. - Proportions Aspect (Available = 3485 Hectares, Used = 638 Radio Locations)

Aspect Aspect Aspect Aspect Aspect Aspect Aspect Aspect Flat Total

North Northeast East Southeast South Southwest West Northwest
Available 0.1081 0.0960 0.1195 0.1278 0.1433 0.1319 0.1409 1326. 0.0002 1.0
Used 0.1113 0.1270 0.1567 0.1082 0.1066 0.1646 0.1348 0900. 0 1.0

Appendix B3. — Proportions HJ_Size (Stand Exam Dat- Available = 34814.7 Hectares, Used = 638 radaxations)

HJ_Size HJ_ Size HJ_ Size HJ_ Size HJ_ Size HJ_ Size HJ_Size Total
Nonstocked Seedling/Shrub Sapling Pole Small Medium Large
Available 0.10 0.10 0.13 0.11 0.32 0.22 0.02 1.0
Used 0.03 0.03 0.08 0.03 0.34 0.46 0.03 1.0

ot



B4. - Proportions Major Species Groups
(Stand Exam Data - Available = 34815 Hectares, Used638 Radio Locatims)

Stand_Exam Stand_Exam Stand_Exam Stand_Exam Total
Non-Stocked DF PP L GF C H WP LP_OTHER
Available 0.07 0.40 0.49 0.04 1.0
Used 0.01 0.37 0.57 0.05 1.0

Appendix B5. — Proportions Vmap Size Class (Availdle = 34815 Hectares, Used = 638 Radio Locations)

Vmap_Size Vmap_Size Vmap_Size DBH-12.5- Vmap_Size DBH- 25.4 — Vmap_Size DBH- > Total

Nonstocked DBH-0-12.4 25.3cm 38.0cm 38.1 cm
cm
Available 0.16 0.09 0.14 0.42 0.19 1.0
Used 0.04 0.03 0.18 0.56 0.19 1.0

Appendix B6. — Proportions Vmap Canopy Class (Avadble = 34815 Hectares, Used = 638 Radio Locations)

Vmap_Canopy Vmap_Canopy Vmap_Canopy Vmap_Canopy Vmap_Canopy Total

Non-stocked 10-24.9% 25-39.9% 40-59.9% > 60%
Available 0.16 0.28 0.04 0.19 0.33 1.0
Used 0.04 0.23 0.01 0.23 0.49

Appendix B7. — Proportions Vmap Major Species GroupgAvailable = 34814.7 Hectares, Used = 638 Radio ¢ations)

Vmap_ Nonstocked Vmap DF PP L Vmap C GF H Vmap LP atal
Available 0.16 0.48 0.33 0.03 1.0
Used 0.04 0.44 0.50 0.02 1.0
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B8 — Species Components of the GF_C__H WP Parame{@&tand Exam Data)

Species GF C H WP Total
Proportion 0.65 0.23 0.03 0.09 1.0
Appendix B9 — Species Components of the PP_DF_L Ramneter
(Not Used in the Analysis — Negatively Correlated ith the GF_C_H_WP Parameter)
Species PP DF L
Proportion 0.20 0.58 0.22
Appendix B10 — Variables Highly Correlated with theHJ_Size Parameter

HJ_Size Mean Mean Mean Mean Mean Mean

HJ CRN_CL BAM2HA TOTVOLM3 BADBHCM QMDCM CRNCL

(Crown Closure (Basal Area - (Total Volumein (Average DBH  (Quadratic (Average

Class 0-4) M?per M3 per Hectare)  of Basal Area Mean Crown

Hectare) Trees in cm) Diameter in Closure
cm) Percentage)

0 0.29 2.22 15.93 12.11 3.64 6.92
1 0.70 4.64 42.87 15.58 6.04 8.37
2 2.55 6.45 38.74 17.22 6.43 23.54
3 3.44 26.2 166.98 21.31 11.91 46.44
4 3.53 40.22 402.49 34.98 16.91 47.45
5 3.60 42.80 475.28 43.53 19.61 45.79
6 3.76 48.28 606.23 60.25 22.16 43.56
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Appendix B11- Variables Highly Correlated with TDTPHA23 and TDTPHA38

RDTPHA23/TDTPHA23 — (Number RDTPHA38/TDTPHA38
Trees or Snags per Hectare over 22.9 cm (Number of Trees or Snags per Hectare over
DBH) 38.1 cm DBH)

Mean (RDTPHA) 8.40 1.75

Mean (TDTPHA) 19.9 6.1

Appendix B12 — Species Components of the Vmap_GF_CH Parameter (Stand Exam Data)

Species GF C H WP Total

Proportion 0.697 0.124 0.177 0.002 1.0

Appendix B13 — Species Components of the Vmap_DF_PPParameter
(Not Used in the Analysis — Negatively Correlatedith the GF_C_H_ WP Parameter)

Species PP DF L Intolerant Mix Total

Proportion 0.13 0.83 0.02 0.02 1.0

vt
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Appendix C

Nest Descriptions
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| located three nests during the course of theystinkst one (Appendix C1) is located in a
stand that is classified in the medium (DBH 38332 cm) sawtimber size class by the
criteria used in the analysis. The stand was @ajap 9.8 hectares, but it is bordered by
many other forested stands that are either inrtral sawtimber (DBH 22.9-38 cm) or
medium sawtimber size classes. The extended &edbod these stands is at least 175
hectares. The nest tree is located on a unifode sbpe that is approximately 55 meters
upslope from a small perennial stream (width 1.5ens¢. There is an old skid trail near the
nest site (10 meters) that is occasionally useahamauthorized ATV route to circumvent
an existing road closure. | saw evidence of sosge(tracks, cut trees, etc.), but never saw
any actual use during my time at the site. | saspwst violations occur during the fall

hunting season.

The second nest is located in a selectively haedesttand that was logged around
30-40 years ago. The size class of the standhisidered to be pole (12.7-22.9 cm DBH).
The nest tree is a moderate sized live grand &r7{4¢m DBH) that has a broken top and
hollow center (Appendix C2 and C3). The nest &pears to be a residual “cull” tree that
was not removed during the original logging. Tlestriree is located approximately 30
meters from the center of a dry side draw that perpendicular to a small perennial stream
(1.5 meters in width) at the base of the slopee distance from the nest tree to the
perennial stream is 125 meters. An old overgrowa skil parallels the side draw near the
nest tree and is located halfway between the restaind the center of the draw. There is

no motorized use of this skid trail.

Nest three was discovered in 2009 and is in theegganeral area and same dry side

draw as nest two which was discovered in 2008.t tihese is located about 190 meters
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upslope from nest two and is in an uncut standlibeders the cutover pole sized stand
where nest two was found. The stand size classnsidered medium sawtimber (DBH

38.1 —53.2 cm — Appendix C4). The stand whergthese is located is 6 hectares, but it is
bordered by several other stands in the small saveti and medium sawtimber size classes
that total over 100 hectares in size. The distamt¢ke edge of the nearby cutover stand
(where nest two was located) is 35 meters. Theisdéscated directly in the center of the
dry side draw. An old grassed over road (untraote)as located 24.4 meters upslope from

nest tree three. The nest snag is in a brokeretbgmand fir snag that is 35.8 cm DBH.



Appendix C1. - Nest Stand 1 Looking Downslope Frormlest Snag
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Appendix C2 - Nest 2 Nest Tree (Forked Tree at th€enter of the Photo)

8¥1



Appendix C3 -Nest 2 stand looking downslope from #nest tree
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Appendix C4 -Nest 3 — Looking downslope toward thaest snag

0ST
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Appendix D

Summary of Survival Values



Appendix D1 — Fragstats Results

owl F' O_Ared O % O_Edgé P_Ared P_% P_Edgeé F_Ared F %  F_Edgé CONTAG
1 L 23.24 7.4 5260 92.9 29.6 14490 198.01 63.0 16930 55.04
2 L 78.41 25.0 12420 0 0.0 0 235.83 75.0 12420 52.64
3 M 89.37 28.5 10850 70.87 22.6 4860 153.86 49.0 0241 47.11
4 L 51.29 16.3 7190 60.81 19.4 7220 202.03 64.3 10610 54.20
5 L 68.43 21.8 10930 0 0.0 0 245.81 78.2 10930 56.08
6 M 209.55 66.7 17920 0 0.0 0 104.51 33.3 17920 44.85
7 M 193.85 61.7 19220 8.17 2.6 2610 112.09 35.7 17390 58.74
8 M 146.16 46.5 9070 22.64 7.2 5030 145.28 46.3 12720 53.83
9 L 35.35 11.3 6320 43.42 13.8 5050 235.24 74.9 10710 62.24
10 L 31.69 10.1 8960 25.66 8.2 2340 256.69 81.7 9520 8.7%
11 M 111.46 35.5 9860 74.37 23.7 8020 128.26 40.8 0412 44.99
12 L 23.65 7.5 4820 57.23 18.2 11950 233.25 74.3 13390 61.44
13 M 142.16 45.3 19910 15.51 4.9 3020 156.46 49.8 @061 53.77
14 M 122.93 39.1 14730 11.43 3.6 3150 179.75 57.2 0318 57.63
15 L 74.31 23.6 20940 39.28 12.5 12420 200.67 63.9 2229 50.24
16 M 244.05 77.6 12370 35.69 11.4 11920 34.56 11.0 0843 62.92
17 L 86.93 27.7 16830 46.23 14.7 10470 180.91 57.6 0@02 48.21
18 M 92.43 29.4 22820 69.19 22.0 12760 152.62 48.6 8a14 42.82
19 L 127.48 40.6 16420 7.82 25 1340 178.99 57.0 16060 58.69
20 L 62.02 19.7 9420 16.21 5.2 3820 235.91 75.1 10200 64.19
21 M 61.19 19.5 10160 4.63 1.5 1030 248.39 79.1 11190 70.18
23 L 9.99 3.2 4920 17.23 5.5 2680 286.87 91.3 7600 181.
24 L 93.4 29.7 18020 73.8 235 9610 146.92 46.8 19730 43.60
25 L 144.35 46.0 18790 23.11 7.4 2680 146.63 46.7 0915 51.87
26 L 17.83 5.7 3610 44 14.0 8050 252.32 80.3 10780 8%57.
27 L 39.41 12.6 8950 53.64 17.1 9530 220.91 70.4 16880 56.81

1 = Owl Fate — Mortality = M, Live=L 2 = Open @rea-Hectares, Percent, Length edge —M)

4 = Forest — DBH >=22.9 cm 5= Circle Caagion

3ok — DBH 12.7-22.8 cm

¢St



Appendix D2 — Correlation Coefficients of FragstatCoefficients
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OArea  Open% OEdge PArea Pole% PEdge FArea For% FEdge Contag
OArea 1.00 1.00 0.61 -0.33 -0.33 -0.18 -0.90 -0.90 0.25 -0.38
Open% 1.00 1.00 0.61 -0.33 -0.33 -0.18 -0.90 -0.90 0.25 -0.38
OEdge 0.61 0.61 1.00 -0.20 -0.21 -0.05 -0.55 -0.55 0.78 -0.59
PArea -0.33 -0.33 -0.20 1.00 1.00 0.82 -0.12 -0.12 0.21 -0.37
Pole% -0.33 -0.33 -0.21 1.00 1.00 0.82 -0.12 -0.12 0.21 -0.37
PEdge -0.18 -0.18 -0.05 0.82 0.82 1.00 -0.19 -0.19 0.32 -0.26
FArea -0.90 -0.90 -0.55 -0.12 -0.12 -0.19 1.00 1.00 -0.37 0.57
For% -0.90 -0.90 -0.55 -0.12 -0.12 -0.19 1.00 1.00 -0.37 0.57
FEdge 0.25 0.25 0.78 0.21 0.21 0.32 -0.37 -0.37 1.00 -0.70
Contag -0.38 -0.38 -0.59 -0.37 -0.37 -0.26 0.57 0.57 -0.70 1.00

Bold Values are highly correlated (>0.60)
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Appendix E

Summary of Genetic Values



Appendix E1 — Characterization of Five PolymorphicPrimer Pairs Originally Developed for Ferruginous Bygmy-Owl DNA
(Proudfoot et al. 2005)

Primer name Sequence (5’-3) — (From Proudfoot et al. 2005) Anakng Repeats in cloned allele —

(Proudfoot et al. temp. CC) — (From Proudfoot et al.

2005) (This study) 2005)

FEPO_05 F-GGAGATGAATCAGCAAACCTGT 54.5 (AGAT)13
R-AAATTTAAACTAGCCTAGAGTCAGC

FEPO_17 F-GGAGAGTGGAATAGACAACCTC 54.5 (TATC)11
R-TGAATATAGGCTCTGTGTGTGG

FEPO_25 F-CCATCTCTCCTGTCCTGAGC 53 (TCTA)15
R-CCATTCTCCTTCCTGTCATAGG

FEPO_27 F-GCACATAATTTATAATACTG 50.3 (GATA)11
R-GGTCTACCTGAGCACA

FEPO_43 F-CGTGAAGGTAAGAGGAGCTGG 59.0 (GGAT)4(AGAT)10
R-GGAGGGAGCCTGGAAATGG AGAC(AGAT)6

Py
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Appendix E2 — Individual Owl Weight, Suspected OwlGender Based on Weight and
Behavior, Gender Identification Based on DNA and Idividual Owl Alleles
(Base Pair Length) at Five Examined Loci

Owl Wt  Suspe DNA FEPO 05 FEPO_17 FEPO 25 FEPO 27 FEPO 43
(gm) cted Sex
Sex

ID-01 UKN 7 M 257 261 161 161 19€ 21z 12€ 134 23z 244

ID-02 60 M? M 257 261 157 165 204 204 134 138 232 252
ID-03 68 F? F 241 261 157 165 200 204 130 138 236 240
ID-04 63 ? M 253 261 161 161 200 212 126 126 228 248
ID-05 57 M M 253 257 161 161 200 200 126 134 240 248
ID-06 56 M? M 249 253 157 161 196 212 126 134 232 264
ID-07 61 M? M 261 261 149 157 204 204 126 130 220 252
ID-08 58 M? M 253 257 153 161 220 220 122 138 220 244
ID-09 56 M? M 257 257 157 161 212 212 130 138 220 248
ID-10 60 M? M 241 257 157 161 208 208 122 130 236 240
ID-11 65 ? M 257 261 157 161 212 212 126 130 248 248
ID-12 57 M? M 261 261 157 165 204 212 126 126 224 232
ID-13 57 M? M 253 257 149 161 200 204 118 138 224 260
ID-14 71 F? F 261 261 161 161 216 216 122 126 236 252
ID-15 67 F? F 253 269 157 165 212 212 122 126 224 236
ID-16 56 M? M 253 257 157 161 208 208 146 146 240 248
ID-17 58 M? M 261 265 145 161 208 208 122 130 224 244
ID-18 58 M? M 253 261 149 165 192 200 118 142 220 236
ID-19 58 M M 257 261 157 161 204 204 122 126 220 240
ID-21 57 M? M 257 261 149 161 200 204 130 142 220 236
ID-23 57 M? M 241 261 157 165 204 204 126 134 220 248
ID-24 56 M M 249 249 153 161 220 220 122 134 228 260
ID-25 66 F F 249 261 157 165 204 212 126 126 236 248
ID-26 57 M? M 257 261 145 157 212 212 126 134 216 224
ID-27 60 M M 253 261 149 157 212 212 122 122 224 236
BC- UKN F? F 253 257 153 161 216 216 130 134 232 240
BC- UKN M? M 257 257 149 157 204 204 130 130 228 236
BC- UKN F? F 253 253 153 157 208 208 126 134 236 264
BC- UKN M? F N/ N N N N N N N N N

BC- UKN M M 249 257 149 161 212 212 126 134 228 244
BC- UKN F? F 249 257 157 161 200 212 122 138 236 236
BC- UKN F? F 249 249 157 161 200 204 122 126 236 236
MT- UKN ? M 253 253 153 165 N/ N/ 126 130 220 236
MT- UKN ? M 257 261 157 161 216 216 122 130 224 224
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Appendix F

Animal Care and Use Protocol



158

University of Idaho
Animal Care and Use Committee

Date: Wednesday, September 20, 2006
To: Edward O. Garton
From: University of Idaho

Re: Protocol 2006-60
Habitat Use and Ecology of Northern Pygmy Ov@a{icidium gnoma)

Your animal care and use protocol for the projacws above was reviewed by the
University of Idaho on Wednesday, September 206200

This protocol was originally submitted for review:d hursday, June 22, 2006

The original approval date for this protocol is: 8desday, September 20, 2006
This approval will remain in affect until: Thursdeyeptember 20, 2007

The protocol may be continued by annual updatet Guinday, September 20, 2009

Federal laws and guidelines require that instigl@nimal care and use committees review
ongoing projects annually. For the first two yeaiter initial approval of the protocol you

will be asked to submit an annual update form desgy any changes in procedures or
personnel. The committee may, at its discretioterek approval for the project in yearly
increments until the third anniversary of the argiapproval of the project. At that time,

the protocol must be replaced by an entirely nelowssision.

Brad Williams, DVM

IACUC Representative
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Appendix G

Copyright Letter from the Wilson Journal of Ornitho logy
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WJO <wjo@unl.edu>

Fri 5/2/2014 1:59 PM

To:

Jageman, Harry (jage6652@vandals.uidaho.edu);
WJO <wjo@unl.edu>;

Get more apps

Bing Maps

Dr. Jageman, thank you for your inquiry. As editor of the Wilson Journal of Ornithology, | am able to
give you permission to include your 2013 article with Graham Frye, "Post-Fledging Ecology of
Northern Pygmy-Owls in the Rocky Mountains", as an appendix to your dissertation. We do ask that
you include the complete citation of the article and appropriately acknowledge the Wilson Journal
of Ornithology and the Wilson Ornithological Society in your dissertation. Thanks, Mary

Mary Bomberger Brown, Editor

Melissa J. Panella, Associate Editor

The Wilson Journal of Ornithology

School of Natural Resources

University of Nebraska

3310 Holdrege Street

Lincoln, Nebraska 68583-0931

E-mail: wjo@unl.edu

Phone: 402-472-8878

Fax: 402-472-2946
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Appendix H

Frye, G. G., and H.R. Jageman. 2012. Post-fledgoaiogy of Northern Pygmy-Owls in
the Rocky Mountains. Wilson Journal of Ornitholo@4:199-207.



