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Executive Summary 
 

This report summarizes results of a telemetry study investigating home range size, habitat 
use, migratory behavior, cache site selection, and seed dispersal effectiveness in Clark‘s 
nutcrackers occupying the Cascade Range and Olympic Mountains in Washington State.  This 
report also presents results of surveys for nutcrackers in which we assessed the efficacy of five 
songbird survey technique for estimating population size in Clark‘s nutcracker and predicting 
seed dispersal probability in whitebark pine.  This study was conducted from April 2006 to 
September 2009 at sites on the Olympic and Okanogan-Wenatchee National Forests. 

Over the course of this study, we obtained 6488 telemetry points on 54 radio tagged 
nutcrackers captured at eight trap sites.  Average home range size among 20 resident (non-
migratory) nutcrackers was 1,274 ha (± 1,669 ha).  We tracked resident nutcrackers year round 
and they selected home ranges that contained mixed forests and either whitebark pine (15 
nutcrackers) or ponderosa pine (5 nutcrackers) forest types.  In winter, spring, and summer, 
nutcrackers were habitat generalists and foraged in all habitat types whereas pine forests were 
used almost exclusively in autumn.  We observed 611 seed cache and 1009 seed harvest events 
by 12 resident nutcrackers in autumn.  These 12 residents showed strong fidelity to home ranges 
for seed caching and 98 percent of all seeds were cached within the boundaries of the home 
range.  However, only 42 percent of all seed harvest events occurred within the home ranges and 
we found that residents commonly traveled on a landscape-scale to locate productive pine stands 
for seed harvest.  As a result, long distance seed transport was common and seeds were 
transported up to 32.6 km between harvest stands and cache sites.   

We evaluated the seed dispersal effectiveness (i.e. proportions of seeds placed in sites 
suitable for seed germination and seedling establishment) of nutcrackers at three spatial scales.  
On a landscape scale, nutcrackers appeared to be effective suggesting that they have the potential 
to contribute to genetic diversity in pines more so than other seed dispersal mechanisms.  
However, their landscape-scale effectiveness was compromised at a microsite scale where fewer 
than 5 percent of all seed caches were placed in microsites suitable for seed germination and the 
establishment of mature trees.  Their habitat-scale effectiveness varied between whitebark and 
ponderosa pine; they placed only 16 percent of all whitebark pine seeds in suitable habitats and 
42 percent of ponderosa pine seeds in suitable habitats.  Thus, in our study area nutcrackers were 
more effective seed dispersers for ponderosa pine than whitebark pine. 

We tracked 21 emigrants in summer and two emigrants in autumn.  On average, 
emigrants ranged more widely than residents in both summer and autumn and they did not show 
fidelity to home ranges for seed caching in autumn.  Consequently, seed transport distances were 
much shorter and the maximum seed transport distance observed by an emigrant was 8.2 km.  
We did not investigate cache site selection or seed dispersal effectiveness of emigrants because 
of small sample sizes. 

We completed 70 hours of surveys for nutcrackers over two years.  We compared 
detection rates among standard point count surveys, playback point count surveys, line transect 
surveys, and driving surveys (modeled after the North American Breeding Bird Survey protocol).  
Overall detection rates were low and variable (5.58 ± 9.75 detections per 30 minutes of survey 
time; n = 140 surveys).  We found that no survey type accurately estimated population size and 
all methods failed to detect radio marked individuals that were within detection distance of 
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surveyors.  A fifth method, distance sampling, proved to be cost prohibitive because of low 
detection rates.   

Cone production within whitebark pine stands ranged between 101 and 4,584 cones/ha 
across all years and sites.  Nutcracker abundance across all survey types combined was not 
correlated with cone production (r2 = 0.0937, P = 0.2912) and we observed nutcrackers pouching 
seeds at all whitebark pine sites in both years.  Because of these low and variable detection rates, 
relative abundance was a poor predictor of seed dispersal probability in stands, and we caution 
against using nutcracker abundance or presence to estimate population size or the likelihood of 
seed dispersal. 
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Introduction 
Whitebark pine (Pinus albicaulis) is a critical component of montane ecosystems in the 

Pacific Northwest, where it contributes to biodiversity and ecosystem function.  Whitebark pine 
is also considered a keystone species throughout its range in western North America (Tomback 
et al. 2001).  It acts as a pioneer species, stabilizes soils, protects watersheds, and produces large 
seeds that are valued by wildlife for food.  In particular, the grizzly bear (Ursos arctos), 
endangered in Washington State and a resident of the Cascade Range, is dependent on whitebark 
pine for forage (Mattson and Reinhart 1994).   

Whitebark pine is undergoing range-wide 
population declines from indirect effects of 
anthropogenic origin.  These declines are attributed to 
the combination of an invasive disease, parasite 
epidemics, and advanced succession due to fire 
suppression.  In a survey of whitebark pine in North 
Cascades National Park, 90 percent of adult trees have 
died in some stands, while 100 percent of saplings in 
other areas are infected with the invasive disease, white 
pine blister rust (Cronartium ribicola) (Ward et al. 
2006).  White pine blister rust often induces top-kill and the subsequent death of cone-bearing 
branches before the tree itself is killed (McDonald and Hoff 2001) and regeneration in infected 
stands may be severely limited.   

Because of its keystone status, a decline in whitebark pine populations has ramifications 
for many taxa.  Of critical importance is the effect of such declines on Clark‘s nutcracker 
(Nucifraga columbiana), which has coevolved with whitebark pine (Lanner 1982, Tomback 
1982, Tomback and Linhart 1990). Clark‘s nutcrackers provide the sole mechanism of primary 
seed dispersal for whitebark pine (Hutchins and Lanner 1982).  Nutcrackers forage on the large 
seeds produced in autumn and scatterhoard thousands of seeds in subterranean caches to be 
retrieved later in the year.  Seeds that are not retrieved by nutcrackers are able to germinate 
(Tomback 1982).  In response to the range-wide decline in whitebark pine, there is concern that 
populations of Clark‘s nutcracker are declining as well.  Breeding Bird Survey (BBS) data and 
anecdotal observations from the northwestern United States support these concerns (R. L. Hutto, 
S. T. McKinney, pers. comm.).  A downward trend in nutcracker populations would have 
reciprocal effects for whitebark pine population regeneration, and consequently for the viability 
of subalpine ecosystems in the Pacific Northwest.  

To sustain whitebark pine communities in the Northwest, and in subalpine ecosystems 
throughout western North America, nutcracker populations must be maintained.  This requires 
information on the habitats that nutcrackers use for critical behaviors.  To date, research on 
Clark‘s nutcracker has been largely restricted to observational studies of harvesting and caching 
behavior (e.g., Vander Wall and Balda 1977, Tomback 1978, Hutchins and Lanner 1982, Balda 
and Kamil 1992).  There has been no systematic study of habitat use or cache placement 
preferences by nutcrackers anywhere in their range.  This study specifically investigated the 
following gaps: 

 Nutcrackers are known to forage on and cache the seeds of multiple species of conifer in 
autumn (Giuntoli and Mewaldt 1978, Tomback 1978), yet the relative importance of 
habitats containing these conifers is unknown (Tomback 1998).   

Clark’s nutcrackers have 

coevolved with whitebark pine. In 

response to the range-wide decline 

in whitebark pine, there is concern 

that populations of Clark’s 

nutcracker are declining as well.  
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 Nutcrackers store seeds anywhere between 0.001 and 22 km from harvest trees and in a 
breadth of landscape features, microhabitats, and microsites (Vander Wall and Balda 1977, 
Tomback 1978, Hutchins and Lanner 1982, Dimmick 1993); a quantitative assessment of 
variation in cache site selection has not been possible because of limitations in study 
methodologies.   

 Information is lacking on home range and habitat use by nutcrackers during the spring 
breeding season; in the literature, only four nests have been monitored, all in one location 
in Montana (Mewaldt 1948, 1956), and there is little information on the habitats used by 
breeding birds (Tomback 1998).   

 As whitebark pine populations continue to decline, there has become a recognized need for 
a standardized, long-term monitoring protocol for Clark‘s nutcracker (D.F. Tomback, S.J. 
Hejl, pers. comm.); the accuracy and effectiveness of the methods under consideration need 
to be determined before any protocol is widely used. 

Overall, the proportional use of different habitats by nutcrackers—particularly for critical 
behaviors such as foraging, seed caching, and reproduction—is speculative because of a paucity 
of quantitative data.  Additionally, there is a recognized need for a reliable protocol for 
monitoring nutcracker populations over long time periods, and such a protocol is lacking at 
present.   

Study Objectives 

The original objectives of this study were: (1) to quantitatively measure habitat use and 
determine habitats that are critical for Clark‘s nutcracker foraging, caching, and breeding; and 
(2) to assess the accuracy and cost-effectiveness of four protocols for monitoring of nutcracker 
populations.  Since we collected data on cone abundance at survey sites, we also assessed 
whether nutcracker abundance accurately predicted seed dispersal probability within whitebark 
pine stands, as proposed by McKinney et al. (2009). 

To address the first objective, home range size and habitat use were compared between 
the autumn seed harvest season and summer.  Differences in habitat use between summer and 
autumn were linked with behavior observations.  We investigated habitat use during the breeding 
season by modeling the selection of habitats within home ranges.  We also modeled autumn 
cache site selection by nutcrackers at three spatial scales: the selection of a caching area within 
the landscape, the selection of habitats within the caching area, and the selection of microsites 
within habitats.  
 To address the second objective, nutcracker abundance was compared among four survey 
techniques: standard point counts, playback point counts, line transects, and breeding bird 
surveys.  Lastly, we correlated cone production with nutcracker abundance, and used behavior 
observations from telemetered nutcrackers to assess whether nutcracker abundance was an 
accurate predictor of seed dispersal probability (McKinney et al. 2009).  
 

Study Area  
We conducted this study from June 2006 through October 2009 at two locations in 

Washington State: in the northeast corner of the Olympic Mountains approximately 30 km 
southwest of Sequim, Washington (approximately 123º 08' W, 47 º 49' N), and on the eastern 
slopes of the Cascade Range, approximately 40 km west of Yakima, Washington (approximately 
120º 58' W, 46 º 45' N) (Figure 1).  We delineated study area boundaries along major ridges and 
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drainages to contain the movements of all resident nutcrackers under study.  The Olympic Study 
Area comprised the upper Dungeness River Basin, including the northeast portions of the 
Olympic National Park and Buckhorn Wilderness of the Olympic National Forest.  Dominant 
cover types in the lowlands include western hemlock (Tsuga heterophylla) and Douglas-fir 
(Pseudotsuga menziesii).  High-elevation forests are dominated by subalpine fir (Abies 
lasiocarpa) and whitebark pine. 

The Cascade Study Area was bordered on the west by the Cascade Crest, to the north by 
the Little Naches River and Wenas Creek, to the east by the forest/shrub-steppe interface, and to 
the south by the Klickitat River.  The land is administered by the U.S. Department of 
Agriculture, Forest Service; the Washington Department of Natural Resources; and the 
Washington Department of Fish and Wildlife.  Approximately one-third of the Cascade Study 
Area is congressionally designated wilderness and most of the remainder is closed to motorized 
use.  Vegetation varies along east-west and elevational gradients.  Locations close to the Cascade 
Crest are dominated by closed-canopy, hemlock and Douglas-fir forests; locations 40 km 
eastward and near the shrub-steppe zone of the Columbia Basin are dominated by open-canopy 
ponderosa pine (Pinus ponderosa) forests.  Whitebark pine occurs in the study area between 
1,400 and 2,300 m elevation.  In western portions of the study area, whitebark pine occurs up to 
treeline (2,100 m) in association with mountain hemlock (Tsuga mertensiana) and subalpine fir.  
In eastern portions of the study area, whitebark pine co-occurs with lodgepole pine (Pinus 
contorta) and subalpine fir at lower elevations (1,400–1,800 m) and forms climax stands near 
treeline (1800–2300 m). 
 For the Olympic Study Area, we used a geographic information system (GIS) to classify 
vegetation using a plant association group (PAG) model developed by the Olympic National 
Forest.  Forest cover types included low-elevation wet forest, high-elevation wet forest, 
whitebark pine forest, and cliffs-talus (Table 1, Figure 2).  In the Cascade Study Area we 
classified vegetation using a digital PAG model developed by the Wenatchee National Forest in 
combination with a canopy closure raster data set and 1-m digital elevation models.  We 
classified six forested and two non-forested habitat types (Table 1, Figure 3).  Forested cover 
types included parkland ponderosa pine; ponderosa pine; mixed low-elevation; mixed high-
elevation whitebark pine; and parkland whitebark pine forest.  Non-forested cover types included 
cliff-talus and burned. We lumped all burns regardless of fire severity, fire intensity, or pre-fire 
stand composition in our classification of burned forest.  Although prescribed fire has been a 
common management tool within the Cascade study area (> 648 km2 treated since the year 2000, 
Fisher et al. 2009), we did not include prescribed burns within our burned habitat group.  This is 
because we never observed nutcrackers using these areas and no nutcrackers occupied home 
ranges containing a prescribed fire footprint.  All burns included within the study area were 
footprints from mixed-severity or stand-replacing wildfires (J. W. Bailey, pers. comm.) and we 
included only burns that were 5 years old or younger. 
 

Methods 

Methods for Objective 1 

We captured Clark‘s nutcrackers at feeding stations baited with raw beef suet from 
March through June 2006, 2007, and 2008 (Figure 4).  We set up feeding stations in areas where 
we observed nutcrackers during reconnaissance surveys in 2005.  We intentionally set up feeding 
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stations within either wilderness or roadless areas and at least 6 km from permanent residences to 
avoid capturing nutcrackers that were habituated to bird feeders or human hand-outs.  All the 
nutcrackers in our study appeared to be entirely wild, and none foraged on human food or visited 
feeders, picnic grounds, or campgrounds during the course of the study. 
 We fitted all adult nutcrackers with a 3.9 g (3 percent of body weight) VHF radio 
transmitter (Advanced Telemetry Systems, Isanti, Minnesota, USA1) that was secured to the 
back with a harness (Figure 5).  The transmitter battery life was approximately 450 days.  We 
tracked nutcrackers year-round to determine home range boundaries but excluded autumn points 
(mid-August through November) for estimating home ranges because nutcrackers harvested 
seeds outside their home range in autumn (Lorenz and Sullivan 2009).  We obtained point 
locations on nutcrackers by homing and recorded the locations using portable global positioning 
system (GPS) units (location error ranged from 1 m to 6 m) (Garmin International Inc., Olathe, 
Kansas, USA).   

We captured and radio tagged resident 
nutcrackers in 2006 and 2008 and both resident and 
emigrant nutcrackers in 2007.  In 2007 we classified 
nutcrackers as resident or emigrant only after 
monitoring their movements during summer.  Resident 
nutcrackers remained on home ranges within the study 

area year-round.  We considered a nutcracker to be an emigrant if (1) we lost its radio signal in 
the study area by 10 July, or (2) it died before July 10 but it had showed continued directional 
movement away from the trap site while alive.  In July 2007 we surveyed our study area via 
aircraft to confirm the number of resident nutcrackers.  During August 2007 we conducted 44 
additional hours of aerial telemetry surveys over the eastern portion of the Washington Cascade 
Range to search for our radio tagged emigrants.  The area surveyed was approximately bordered 
by the United States-Canada border (49th parallel) to the north, the 120th meridian to the east, the 
46th parallel to the south, and the Cascade Crest to the west.  

Emigrant nutcrackers left the study area within days or weeks of capture and we did not 
obtain a large enough sample size of independent point relocations for home range estimation.  
We therefore conducted all analyses with data collected on resident nutcrackers, although we 
report on the behavior of emigrants where possible. 

We allocated different amounts of effort to tracking in different seasons. From mid-
February through early April we visited radio tagged nutcrackers at least twice monthly and 
conducted 2- to 5-hour behavior-watching sessions to note breeding behavior.  We recorded 
locations of nest sites and visited them at least once weekly to monitor status.  We set up digital 
video recorders at the nest sites of two ponderosa pine residents (nutcrackers 211 and 193) to 
continuously follow nesting behavior. 

In May we tracked nutcrackers only opportunistically because most of our effort was 
allocated to trapping and radio tagging a new cohort of nutcrackers.  From June through August 
we tracked nutcrackers 1 to 3 days per week for 1 to 5 hours.  On average we obtained 27.2 (± 
39.9) points per bird per week.  For home range estimation, we included only one telemetry point 
per hour from continuous tracking sessions to eliminate bias caused by autocorrelation of 
sequential relocations.  We delineated home ranges using the 95 percent contour interval of the 
fixed kernel distribution.  We estimated fixed kernels by using least-squares cross validation 
                                                 
1 The use of trade or firm names in this publication is for reader information and does not imply endorsement by the 
U.S. Department of Agriculture of any product or service. 

“Resident” nutcrackers remained 

on home ranges within the study 

area year-round.  
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(LSCV) (Seaman and Powell 1996, Seaman et al. 1999, Worton 1987, 1989).  We used the 
ANIMAL MOVEMENT extension (Hooge and Eichenlaub 1997) of ArcView 3.3 
(Environmental Systems Research Institute, Redlands, California, USA) to estimate kernels; grid 
size was selected automatically.  We used 90 percent kernels for six nutcrackers that had 
multimodal home ranges because they effectively eliminated unused buffered areas around 
infrequently used locations.   
 In autumn we tracked nutcrackers continuously for 1 to 7 hours between one and four 
times weekly.  Nutcrackers most commonly harvested seeds outside the home range and we 
worked in teams of up to four observers to watch individuals for the duration of these sessions.  
Based on prior work with nutcrackers in our study areas, we expected nutcrackers to cache seeds 
mostly or entirely within their home ranges.  Therefore we stationed one observer within the seed 
harvest stand, one within the home range, and others at prominent locations to track birds as they 
traveled between harvest stands and home ranges and to confirm that nutcrackers did not cache 
outside the home range.  We located birds using aerial telemetry when they could not be located 
from the ground.  We delineated 100 percent minimum convex polygons for autumn points to 
estimate the range of space use in autumn. 
 We classified all behavior observed during autumn sessions as seed harvest (consuming 
seeds or pouching seeds), seed caching, seed transport flight, or other.  Outside of autumn we 
classified all behavior as foraging, retrieving caches, or other.  For observations of seed harvest 
and foraging, we noted the species of tree and food type where possible.  For observations of 
seed caching, we recorded whether the cache was made above ground or below ground.  We 
described the location of the cache site relative to nearby features to assist in relocating caches 
for microsite characteristic measurements.  For above-ground caches we noted the substrate and 
when applicable, the species of tree. 
 We revisited all below-ground cache sites in June and July 2009.  We measured microsite 
characteristics at cache sites and at paired random sites that were located 30 m from cache sites 
in a random direction.  At each cache and random site we measured slope and aspect using a 
clinometer and compass, respectively.  Within a 1-m radius circle centered on each cache, we 
visually estimated the percentage of ground covered by litter, soil (including gravel smaller than 
approximately 2 cm diameter), vegetation, or rock (including gravel greater than approximately 2 
cm diameter).  We measured overstory cover (cover above 5 m) and understory cover (cover 
below 5 m) using a moosehorn at five locations (centered on the cache site and 1 m out in the 
four cardinal directions).  We also estimated the distance to cover from predators by measuring 
the distance from the cache site to the stem of the nearest tree with a minimum diameter at breast 
height (DBH) of 15 cm and a minimum height of 3 m.  Furthermore, we noted whether the 
caches or random sites occurred within large forest or open patches (> 75 m diameter), small 
forest or open patches (< 75 m diameter), or at the edge of forests and openings.  We chose 75 m 
to differentiate between large and small patches because this is the approximate scale at which 
Keane and Arno (2001) hypothesized nutcrackers select patches for caching. 

Data Analysis for Objective 1 

We used one-tailed paired t-tests to test the hypothesis of an increase in home range size 
from summer to autumn for four residents for which we observed both whitebark and ponderosa 
pine seed harvest.  We assessed whether summer and autumn home ranges came from a common 
distribution by using multiresponse permutation procedures (MRPP) (Mielke and Berry 1982).  
The MRPP is a nonparametric test that compares intragroup average distances with average 
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distances that would be obtained under the null hypothesis that two Utilization Distributions 
(UDs) come from a common distribution.  We computed MRPP using BLOSSOM statistical 
software (Slauson et al. 1991).   

We assessed static interaction of summer and autumn home ranges by computing both 
the area and volume of overlap.  We determined the area of overlap by calculating the area of 
overlap index (AO) (Seidel 1992).  To determine what portion of summer home ranges are 
contained within autumn ranges we calculated the proportion area of overlap of the summer by 
the autumn range (Ssummer, autumn) (White and Garrott 1990).  We calculated the volume of overlap 
of summer and autumn home ranges by using the volume of intersection statistic (VI) (Seidel 
1992, Millspaugh et al. 2004), which quantifies the volumetric proportion of overlap between 
home range UDs.  The VI ranges from 0 for no overlap to 1 for complete overlap.  We calculated 
summer home range centroids (Garrott et al. 1987) in the ANIMAL MOVEMENTS extension of 
ArcView (Hooge and Eichenlaub 1997) and determined if summer home range centroids were 
within the boundaries of the autumn range.  We compared the elevation of summer and autumn 
home range centriods and used two-tailed paired t-tests to test for significant differences.   

To determine whether nutcrackers migrate altitudinally within autumn we determined the 
mean elevation used by individuals within each week of the seed harvest season and regressed 
week on mean elevation for the 12-week autumn season (6 August through 1 November).  We 
used two-tailed paired t-tests to assess whether there was a difference in the mean elevations 
used for harvesting and caching seeds and ‗other‘ activities during the whitebark pine compared 
to ponderosa pine/Douglas-fir seed harvest seasons.  We compared these mean elevations to the 
elevation of the home range centroid. 

We noted how many autumn cache and harvest events occurred inside compared to 
outside the summer range.  We also measured the distance between the home range centroid to 
each autumn seed harvest and cache event.  We compared means of these distances (home range 
centroid to caches and to harvest trees) to the distance between the centroid and all summer 
movements.  We used this to assess whether nutcrackers traveled within the range of average 
summer movements when caching and harvesting seeds in autumn.  We also determined 
distances from home range centroid to harvest trees and cache sites separately for whitebark and 
ponderosa pine.  We used Mann-Whitney U-tests to test for differences in these travel distances.   

For all residents we used compositional analysis to model spring/summer habitat 
selection on two spatial scales: the selection of home ranges within the study area (Johnson‘s 
second order selection) and the selection of foraging areas within home ranges (Johnson‘s third 
order selection) (Johnson 1980).  We modeled autumn cache site selection on three spatial scales 
corresponding to Johnson‘s second, third, and fourth order selection; we investigated the 
selection of caching areas within the landscape, the selection of habitats within caching areas, 
and the selection of patches and microsites within habitats.   

At the landscape scale (Johnson‘s second order), we compared proportions of caches 
placed within home range to those placed within seed harvest stands.  We used HAWTH‘S 
TOOLS (Beyer 2004) in ArcGIS 3.2 (Environmental Systems Research Institute, Redlands, 
California, USA) to calculate minimum, maximum, and mean distances between cache sites and 
harvest trees for simple comparisons of seed transport distance. To assess territoriality among 
nutcrackers we calculated static interaction among home ranges of different nutcrackers by 
superimposing the two-dimensional kernels.  We measured space use sharing by computing the 
percentage overlap among home ranges (White and Garrott 1990).   
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 For third order selection we overlaid our Cascade Study Area habitat map on the study 
area.  We used compositional analysis with multivariate analysis of variance (MANOVA; 
Aebischer et al. 1993) and SAS statistical software (BYCOMP.SAS; Ott and Hovey 1997; SAS 
Institute 2007) to investigate selection for habitats within the study area and caching areas 
(Erickson et al. 2001, Manly et al. 2002).  Compositional analysis uses the individual animal as 
the sample unit.  If study animals are not detected in one or more habitats, a small non-zero 
number is substituted so that the log-ratio can be calculated for use of the habitat.  The 
substitution of very small values can increase the probability of type I error (Bingham and 
Brennan 2004, Bingham et al. 2007).  Bingham and Brennan (2004) suggested that a substitution 
value between 0.3 to 0.7 percent be used to minimize type I error rates.  Some radio-tagged 
nutcrackers had zero use of at least one habitat type.  We completed four iterations of our 
analysis using substitution values of 0.1, 0.3, 0.5, and 0.7 percent and found no difference in the 
overall significance of the test or in the rankings of the habitats.  We therefore substituted 0.1 
percent for all zero-habitat-use values.   

For nutcrackers selecting below-ground cache sites, we examined their selection of 
different patch types by using Johnson‘s rank method (Johnson 1980).  We tested the hypothesis 
that all patches were equally preferred and compared use of patch types using the multiple 
comparisons procedure (Waller and Duncan 1969).  Because of small sample sizes, we 
confirmed that our data did fit assumptions of normality prior to calculating ranks (White and 
Garrott 1990).  We calculated an F-statistic and selection scores (T-bar scores) using PREFER 
5.1 (Northern Prairie Science Center, U.S. Geological Survey, Jamestown, North Dakota, USA).  

For fourth-order selection we used logistic regression to identify features at the microsite 
scale that influenced cache site selection for below-ground caches only.  Prior to building our 
models we assessed the correlation of all pairwise combinations of covariates.  Multicollinearity 
was evaluated using Pearson product-moment correlations; a correlation of r > 0.5 was regarded 
as strong.  Covariates that induced multicollinearity were eliminated from further model 
consideration.  Evidence of quadratic and cubic covariate effects were investigated in pairwise 
correlation plots.  Since cache site selection in Clark‘s nutcracker has never been studied, prior 
information was absent for us to use as the basis for formulating a set of testable hypotheses.  
Instead, we developed a set of 37 a priori models including 34 fixed-effects models, 2 mixed-
effects models, and a null model.  Model variables included overstory cover, understory cover, 
grass/forb cover, rock cover, bareground cover, aspect, slope, and distance to cover.  The fixed-
effects models included a maximal model containing the above-listed single factors as well as all 
two-way interactions, 32 simplified models of decreasing complexity from the maximal model, 
and a null model with only an intercept.  Unbalanced sampling of nutcracker cache sites occurred 
across individuals and patch types, introducing additional sources of variability to our logistic 
regression models.  Moreover, repeat sampling of different cache sites used by a single 
individual amounts to pseudoreplication (Hulbert 1984).  To compensate for heterogeneous 
sampling across birds and patch types and pseudoreplication, we separately added two random 
intercepts, δi

bird and δi
patch , to our best-fit fixed-effects logistic regression model to investigate 

whether the addition of random effects would improve the model‘s fit.  
 We used a hierarchical information theoretic approach for model selection, in which the 
best-fit fixed-effect model was first chosen.  First, we used Akaike Information Criterion to 
reduce the number of candidate fixed-effects models from 34 to 5.  We did not find evidence of 
overdispersion and therefore we did not use a quasi-likelihood adjustment (QAICc).  We then 
calculated the Akaike weights and ΔAICc of the five candidate models (Hosmer and Lemeshow 
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2000, Burnham and Anderson 2002) and selected the model with the lowest AICc as the most 
parsimonious fixed-effects model.  Model fit of the top fixed-effects model was confirmed 
through the Hosmer-Lemshow goodness-of-fit test statistic.  Two new mixed-effects models 
were then formulated by adding ‗bird‘ and ‗patch‘ random effects to the top fixed-effects model, 
and model fit was evaluated using AICc.  For the most parsimonious fixed- and mixed-effects 
models, we report parameter estimates and their standard errors, odds ratios, and confidence 
intervals.  

Methods for Objective 2 

 To assess whether nutcracker abundance was an accurate predictor of seed dispersal 
probability, we counted whitebark pine cones at one site in the Olympic Mountains and at five 
sites in the Cascade Range in July 2007 and 2009.  Either 5 (one site), 10 (four sites), or 15 (one 
site) mature trees were arbitrarily selected for cone counts at each site.  We did not count cones 
at the Cash Prairie site in 2009 or at the Darland site in 2007.  Since cone production did not vary 
considerably in the Cascade Study Area within years (2007 standard error = 1.62, 2009 standard 
error = 0.52), we extrapolated an estimate of cone production based on the mean number of 
cones across all sites for these two year–site combinations. 

Across all sites and years, six cone count trees were killed by mountain pine beetle 
(Dendroctonus ponderosae) and one was uprooted and killed.  These trees were replaced with 
trees of comparable DBH and height.  Observers counted all cones visible from the north and 
south aspects of each tree using 8 x 42 binoculars.  Cone counts were conducted between 15 July 
and 16 August.  

In 2009 we revisited each site and estimated the density of cone-bearing trees along 
transects following McKinney et al. (2009).  For each site, we established four (two sites) or 
eight (four sites) 10 m x 50 m belt transects.  As described above, we used a GIS to model 
distribution of whitebark pine at each site.  We used HAWTH‘S TOOLS (Beyer 2004) to 
generate a list of coordinates of random points within whitebark pine habitat at each site.  We 
used these random points to select start points for transects; we visited each random point and 
selected the nearest mature whitebark pine tree within 50 m of this random point as the start for 
each transect.  If no whitebark pine tree was located within 50 m of the random point, we omitted 
the random point and selected the next random point available on our list.  We spun a compass 
rosette to obtain a random bearing for the layout of each transect.  We summed all mature cone-
bearing trees within each transect.  For trees within clumps, we considered a tree to be ―any 
single stem or multiple stem clump where two or more stems were joined below 1.4 m height‖ 
(McKinney et al. 2009).  Cone production for each site was calculated as the product of the mean 
number of cones per tree and the mean number of trees per hectare (McKinney et al. 2009).   

To compare detection rates of nutcrackers among survey types, we established routes for 
surveying nutcrackers at one site in the Olympic Mountains and at seven sites in the Cascade 
Range (Figure 1).  We conducted four different types of surveys: standard point counts, playback 
point counts, line transects, and breeding bird survey (BBS) routes.  BBS routes were conducted 
at only four sites because they required a large area and could be established only at sites where 
large tracts of continuous pine habitat were available.  All surveys were set up on roads and trails 
for ease of access.  We designed each survey to last 30 minutes to enable direct comparisons 
among survey types.   

During standard point count surveys we counted all nutcrackers heard and seen for 5 
minutes within and outside a 50-m radius circle centered on the point count.  Flyovers were 
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recorded separately.  Playback point counts immediately followed standard point counts and 
were conducted at the same location.  We broadcast Clark‘s nutcracker regular calls and shrill 
calls (Mewaldt 1956) using the following sequence: (1) 10 sec of regular call, (2) 50 sec of 
silence, (3) 10 sec of shrill call, (4) 50 sec of no playbacks, (5) silence for 2 min, (6) 5 sec of 
regular call followed by 5 sec of shrill call, and (7) 50 sec of silence. We counted all nutcrackers 
heard and seen for 5 minutes within and outside a 50-m radius circle centered on the point count 
and flyovers.  We established six standard point counts (and their paired playback point counts) 
separated by 250 m at each site.  Walking transects were 2 km long and overlapped point count 
routes.  Observers walked 2 km in 30 min and recorded all nutcrackers heard and seen within and 
outside of a 50-m band centered on the transect.  Flyovers were recorded separately.  BBS routes 
were modeled after the North American Breeding Bird Survey protocol (U.S. Department of the 
Interior, U.S. Geological Survey, Patuxent Wildlife Research Center, Laurel, Maryland, USA) 
and partially overlapped both transects and point count routes.  They were approximately 8 km 
(5 mi) in length.  Observers drove the route in a vehicle and stopped every half mile to conduct a 
3-min point count.  Observers counted all nutcrackers heard and seen for 3 min within and 
outside a 50-m radius circle centered on the point count and flyovers.   

Surveys were conducted three times in 2007 (July, August-September, October) and 
twice in 2009 (August-September, October), corresponding to a pre-seed harvest, seed harvest, 
and post-seed harvest nutcracker count.  During all surveys we noted whether nutcrackers were 
simply present or actively pouching seeds. 

In 2007 and 2008 we set up trap stations baited with raw beef suet to capture nutcrackers 
at 12 sites along five survey routes (Table 2).  During a pilot study in 2006, we had found that 
nutcrackers could be effectively captured only during winter (November through May) and when 
there was a substantial snowpack on our study sites.  We were therefore logistically constrained 
to setting up feeding stations that were reasonably accessible on foot during winter and spring 
(i.e., within 15 km distance and 1,050 m elevation of a plowed road), and some survey routes 
were logistically inaccessible.  As described above, we fitted all adult nutcrackers with a VHF 
radio transmitter.   

We tracked radio-tagged nutcrackers year-round to determine migratory status, home 
range boundaries, and the proportion of telemetry locations that occurred within 1 km of all 
survey routes.  During the survey period (July 15 through November 1) we tracked nutcrackers 
intensively for at least one 2–6 hour behavior-watching session each week.  Individual 
nutcrackers were tracked as continuously as possible by one to four observers during these 
sessions to monitor continuous movement.  We recorded behavior during these sessions along 
with the locations of all whitebark pine seed harvest and cache sites.  We used this information to 
determine if seed dispersal occurred within our survey routes.   

While surveys were being conducted, we used a radio receiver to determine whether or 
not detected nutcrackers were marked with a radio tag.  On days that surveys were conducted 
within the home ranges of radio marked nutcrackers, additional observers tracked all radio 
tagged nutcrackers for 30 to 90 minutes either during the survey period or immediately after the 
end of the survey to estimate the proportion of time that radio-marked nutcrackers could have 
been detected by surveyors during the surveys.   

Data Analysis for Objective 2 

Because radio marked nutcrackers were never detected on surveys and thus could not be 
used to estimate population size, we instead estimated the probability of a marked nutcracker 
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being on a survey route (pi) (White and Shenk 2001) during the surveys.  We used this 
information to assess whether our failure to detect marked nutcrackers was likely a factor of 
nutcracker detectability or a failure on our part to establish survey routes in areas frequented by 
marked nutcrackers. 

To assess the efficacy of distance sampling as a means of estimating population size in 
Clark‘s nutcracker, we estimated minimum required sample sizes needed for accurately 
calculating a detectability function (Buckland et al. 2001).  For line transects we estimated the 
minimum length of transect required for a coefficient of variation of 10 percent as 

 

 
 

where b = 3 (Burnham et al. 1980, Buckland et al. 2001),  = 0.10, L0 = kilometers of 
transect surveyed, and n0 = number of nutcrackers detected along transects.  For point counts, we 
estimated the minimum number of point counts required by substituting k0 (number of point 
counts surveyed) for L0 (Buckland et al. 2001). 

To assess the accuracy of different survey types for estimating population size, we 
compared detection rates among survey types and among survey periods (July, August-
September, October) using one-way blocked ANOVA.  For our ―among survey type‖ 
comparison, we summed all nutcracker detections across periods and computed a survey type 
index of abundance (mean number of detections per visit). For ―among period‖ comparisons, we 
summed all nutcracker detections across survey types (walking transect, standard point count, 
BBS) and computed a period index of abundance (mean number of detections per visit).  When 
estimating the period abundance index, we excluded counts of nutcrackers from playback 
surveys because of the potential for artificially inflated abundance estimates caused by the 
attraction of nutcrackers to playback calls. For comparisons of detection rates among survey 
types, we used a single factor ANOVA, with site as a block.  For comparisons of detection rates 
among survey periods, we used a repeated measures design, also with site as a block.  If 
differences among treatments were statistically significant, we used post-hoc Tukey tests to 
assess significant differences among treatment levels. 

We compared detection rates of standard compared to playback point counts for each 
survey period using paired-sample t-tests.  To assess the reliability of nutcracker detection rates 
for predicting seed dispersal probability, we used standard correlation methods and simple linear 
and curvilinear regression.   

All data were analyzed for violations of assumption of normality and heteroscedasicity.  
Our count data were positively skewed and we used square and cube root transformations when 
necessary.  We used SAS 9.2 statistical software (SAS Institute 2007) and R (R Development 
Core Team 2009) for all statistical analyses.  We report values as means ± standard deviation 
unless otherwise noted.  We considered statistical results significant at an α level of 0.05.  
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Results 

Results for Objective 1 

Telemetry 
 We captured and radio tagged 54 juvenile and adult Clark‘s nutcrackers at 10 trap sites in 
the Cascade Range and Olympic Mountains from 2006 through 2008.  We classified 21 adults as 
emigrants and 20 as residents.  Among residents, 3 died or shed their tag during the summer and 
5 left the study area in autumn of 2008, presumably because whitebark pine in the Washington 
Cascade Range did not produce cones in 2008.  Thus we examined summer home range size and 
spring/summer habitat selection by 20 residents, but we modeled cache site selection in only 12.  
Four residents harvested both ponderosa and whitebark pine seeds for comparisons of summer 
and autumn space use. 

One resident (nutcracker 091) shifted its home range in autumn 2008 because of a lack of 
whitebark pine cones in its home range.  Both home ranges were composed of mixed high- and 
low-elevation forest types, but the original home range was 42.0 km from ponderosa pine seed 
harvest stands, and the relocated autumn home range was within 9.2 km of ponderosa pine 
harvest stands.  One whitebark pine resident (nutcracker 893) was tracked over two autumns 
(2007 and 2008), and home range data for this 
individual were combined for both years. 
 Across all seasons we obtained 5,993 points 
on the 20 resident nutcrackers and 495 points on 21 
emigrant nutcrackers.  In autumn we observed 1,009 
seed harvest events by 12 resident caching 
nutcrackers (Figure 6).  We observed 611 caches 
among all seed types.  We observed 155 whitebark 
pine caches being created by 4 residents and 450 
ponderosa pine caches created by 11 residents.  The 
remaining 6 caches were of an undetermined seed 
type.   

Our observation of more ponderosa pine caches than whitebark pine caches could be 
attributed to two factors.  Every nutcracker monitored in this study harvested ponderosa pine 
seeds, but not all nutcrackers harvested whitebark pine seeds, even when whitebark pine seed 
was available.  Also, there was no whitebark pine cone crop in 2008; therefore, all nutcrackers, 
including whitebark pine residents, were forced to migrate or harvest only ponderosa pine.  
Average home range size among all 20 residents was 1,273.6 ha (± 1,669.4 ha).  Average home 
range size for the 12 resident caching nutcrackers was 448.6 ha (± 543.1 ha) and average 
minimum convex polygons (MCPs) of autumn movements was 7,284.3 ha (± 8093.5 ha) (Table 
3).  Home range size was not correlated with the number of point relocations (n = 20, r2 = 0.122, 
P = 0.1214).   

Comparison of summer and autumn space use 
Among four residents who harvested both whitebark and ponderosa pine seed, home 

range size increased in autumn (t4 = 4.4, P = 0.006), and the UDs of summer and autumn ranges 
did not come from a common distribution (MRPP P < 0.04 for all four individuals).  The 
proportion of area of overlap for autumn and summer home ranges was 0.24 ± 0.05, although 

Every nutcracker monitored in this 

study harvested ponderosa pine 

seeds, but not all nutcrackers 

harvested whitebark pine seeds, 

even when whitebark pine seed 

was available. 
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summer home ranges were nearly completely contained within the boundaries of the autumn 
ranges (Ssummer, autumn = 0.75 ± 0.17).  The volume of overlap of summer on autumn ranges was 
0.70 ± 0.22, and autumn on summer ranges was 0.21 ± 0.08.  For all nutcrackers, the summer 
range centroid was within the boundaries of the autumn home range and there was no difference 
in the elevation of summer range centroids (1,568 ± 274 m) and autumn range centroids (1,426 ± 
383 m) (t4 = 1.3, P = 0.28).  

In summer nutcrackers were detected on average 0.6 ± 1.4 km from their home range 
center.  This distance was not different from the average distance traveled between the summer 
range center and autumn caching relocations (n = 5, U = 1.0, P = 0.27), although it was 
significantly less than the average distance between the summer range center and autumn harvest 
relocations (n =5, U = 2.5, P = 0.01).  Overall, nutcrackers placed caches in locations that were 
within the range of normal summer movements, although seeds were obtained from areas well 
beyond the range of summer movements. 

Nutcrackers shifted their seed harvest efforts from high-elevation (1,640–1,890 m) 
whitebark pine to low-elevation (700–1,440 m) ponderosa pine and Douglas-fir on 14 September 
in 2006 and on 21 September in 2007.  Over the course of the seed harvest season, mean weekly 
elevation of relocation points declined by 23 m per week (n = 5, P = 0.04, r2 = 0.35), indicating 
that nutcrackers shifted their use of space to encompass low-elevation areas as autumn 
progressed.  However the regression of elevation on week had a poor fit because as autumn 
progressed nutcrackers shifted only their seed harvest efforts to low elevations; they continued to 
use high elevations for all other activities.  Mean elevation for seed harvest observations was 
1,814 ± 55 m for the whitebark pine season and 1,025 ± 528 m for ponderosa pine/Douglas-fir 
season.  Mean elevation for seed-caching observations was 1,750 ± 7 m for the whitebark pine 
season and 1,607 ± 182 m for the ponderosa pine/Douglas-fir season.  For all nutcrackers the 
mean elevation observed for ‗other‘ activities, including roosting, preening, and social 
interactions, was the same for both the whitebark pine (1,502 ± 258 m) and ponderosa 
pine/Douglas-fir (1,346 ± 271 m) seed harvest seasons (t4 = 1.6, P = 0.18).   

Nutcrackers harvested ponderosa pine/Douglas-
fir seeds at lower elevations (945 ± 108 m) than they 
harvested whitebark pine seeds (1,789 ± 41 m).  
However they carried all these seeds up into high 
elevation portions of their summer range and there was 
little difference in the elevations that they used for 
caching whitebark (1,750 ± 10 m) compared to 
ponderosa pine/Douglas-fir seeds (1,773 ± 13 m).  
Pooling observations for all resident nutcrackers, 

whitebark pine seeds were harvested 205 ± 338 m above the home range center, whereas 
ponderosa pine/Douglas-fir seeds were obtained 507 ± 301 m below the home range center.  
There was much less variability in the elevations nutcrackers used for caching seeds, and they 
cached all seeds at nearly the same elevation as their home range centroid.  On average 
whitebark pine seeds were cached 17 ± 9 m below the home range centroid and ponderosa 
pine/Douglas-fir seeds 31 ± 41 m above of the home range centroid.   

Summer selection of home ranges within the landscape and foraging habitat within home ranges 
 Among all 20 residents, home ranges contained proportionately more mixed forest and 
parkland whitebark pine compared to their availability in the study area (Wilks‘ Lambda = 0.038, 

Residents selected home ranges 

that contained proportionally more 

mixed and whitebark pine forest 

types compared to their availability 

in the study area. 
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F[7, 12] = 43.30, P < 0.0001) (Table 4).  Five of these nutcrackers occupied home ranges that 
included a mixed-severity ponderosa pine burn but lacked whitebark pine.  The remaining 15 
nutcrackers occupied home ranges that contained whitebark pine.   

We observed 714 summer foraging events (Figure 7).  We did not obtain a large enough 
sample of summer foraging observations on ponderosa pine residents.  Whitebark pine residents 
used habitats in proportion to availability when foraging (Wilks‘ Lambda = 0.0449, F[5, 2] = 8.50, 
P = 0.1086), although mixed forests were ranked significantly higher than whitebark and 
ponderosa pine stands (Table 5).   

Summer and autumn behavior of emigrants 
Large flocks of emigrant nutcrackers were 

conspicuous on the study area from September 2006 
through spring 2007, presumably because of a large 
whitebark and ponderosa pine crop in autumn 2006.  
They ranged throughout the transitional and subalpine 
zones and between approximately 800 and 1,800 m 
elevation. We captured and radio tagged 21 emigrants 
in spring 2007 and monitored their movements from 
April through July 2007.  During this time, emigrants 
ranged up to 7,540 ha (100 percent MCP) in area and between 785 and 2,118 m in elevation, 
often moving over a wide range of elevations over the course of a single day.  Moreover, 
individuals moved both upslope and downslope on summer days and there was no general trend 
in movements that would indicate an altitudinal migration (Table 6).   

We observed 181 foraging events by emigrants totaling 755 minutes in 2007 (Table 7).  
In contrast to resident nutcrackers, which were most commonly observed foraging on insects and 
other invertebrates (81 percent of observations), emigrants were most commonly observed 
foraging on germinating whitebark pine seedlings on communal caching grounds (71 percent of 
observations).  Emigrants foraging on germinating seedlings scrutinized the ground surface, 
particularly focusing on areas where snow had recently melted or at the bases of logs and 
vegetation.  Whitebark pine seeds were located and consumed as seedlings emerged and became 
visible above the ground surface. This behavior has previously been reported in nutcrackers and 
was called ―prolonged searching‖ by Vander Wall and Hutchins (1983).  We did not observe 
emigrants retrieving caches from memory.  Emigrants also foraged in other parts of the study 
area on insects and ponderosa pine seeds retained in cones from the previous autumn‘s cone 
crop.  When engaged in prolonged searches and foraging on ponderosa pine seed, they were 

typically in conspicuous and vocal flocks of 10–150 
individuals.  Overall, emigrants appeared to track 
concentrations of food by traveling with flocks of 
conspecifics rather than by migrating altitudinally.  
Emigrants vacated the study area singly over a 6-week 
period in late spring and early summer; the first emigrant 
left the study area on 24 May and the last departed on 3 
July (Table 6).   

In autumn 2007, none of the 21 emigrants radio 
tagged the previous spring returned to the study area.  We relocated two emigrants north of the 
study area during aerial telemetry surveys.  One emigrant, nutcracker 591, was relocated 173 km 
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north of the study area along Sawtooth Ridge, east of Lake Chelan, Washington (approximately 
120°15' W, 48°6' N).  We tracked nutcracker 591 only during the whitebark pine seed harvest 
season.  It ranged over 274 km2 in August and crossed Lake Chelan to Domke Lake 
(approximately 120°36' W, 48°10' N) before its radio signal was lost on 5 September.  We 
assumed that it continued wandering and left the Washington Cascades because we did not 
relocate it on two flights and 9 hours of aerial tracking in mid-September.  Because of logistical 
constraints, between 22 August and 5 September we obtained relocation data on only 5 days, and 
seed harvest and caching data on only 2 days.  We observed only seven seed caches created by 
this nutcracker, but all seeds were placed within the harvest stand.  Within 10 days of placing 
these caches, nutcracker 591 had ranged over 250 km2 and between mid-elevation transitional 
forest types at 1,354 m and high-elevation whitebark pine stands at 2,123 m.  We did not observe 
it retrieve its caches before emigrating and to our knowledge nutcracker 591 did not have fidelity 
to the area where it cached.   
 The second emigrant, nutcracker 505, was relocated approximately 92 km north of the 
study area on Mount Stuart, Washington (approximately 120°53' W, 47°29' N) and ranged more 
than 175 km2 (100 percent MCP) during the whitebark pine seed harvest season (August 16 to 
September 14).  It moved between ponderosa pine stands at 721 m and whitebark pine stands at 
1,974 m during this time.  It was not logistically possible to watch seed harvesting and caching 
by nutcracker 505 at all times because it was harvesting and pouching seeds on nearly vertical 
cliffs.  By using triangulation, we estimated that nutcracker 505 was traveling between 600 and 
1,700 m between harvest trees and caching grounds.  After September 14, nutcracker 505 
stopped wandering and settled on an apparently stable home range near Teanaway Ridge 
(approximately 120°49' W, 47°23' N), where it remained until its radio battery failed in June 
2008.  From mid-September through November, nutcracker 505 harvested whitebark pine, 
ponderosa pine, and Douglas-fir seeds up to 8.2 km from Teanaway Ridge and all seeds were 
transported to the home range for caching.  Whitebark pine seeds were harvested at 
approximately 2,075 m elevation and Douglas-fir and ponderosa seeds were harvested at 804 m 
elevation.  The home range of nutcracker 505 on Teanaway Ridge contained mostly mid-
elevation forests between 972 and 1,288 m. 

Autumn selection of caching areas within the landscape 
 In autumn, our 12 resident seed-caching nutcrackers harvested seeds both inside and 
outside their home ranges.  Five nutcrackers harvested seeds both inside and outside the home 
range boundary and seven harvested seeds only outside the home range, because cones with seed 
were not available to them in their home ranges.  For all but one nutcracker that harvested seeds 

both inside and outside the home range, cones were first 
harvested from trees within the home range, suggesting 
that nutcrackers preferred to harvest cones from trees 
within the home range.  Nutcracker 211 was the single 
exception; he first harvested seeds from low-elevation 
ponderosa pine forests outside the home range before 
harvesting seeds from higher ponderosa pine seed 

sources within his home range.  Presumably he was taking advantage of early ripening of cones 
at low elevations outside of his home range.      

Overall, 43 percent of all seed harvest events occurred outside the boundaries of the 
home range.  All residents showed strong fidelity for their home range when caching seeds and 
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98 percent of seeds were cached within the boundaries of the home range.  The remaining 2 
percent of seeds were cached by two residents within the seed harvest stand at the beginning or 
end of the seed harvest season.  Seed harvest stands used by these individuals for caching were 
12.2 and 32.5 km from the home ranges.  Both these individuals cached the majority of their 
seeds (collectively 91 percent) within the home range.  We later observed both these nutcrackers 
transporting seeds to the home range from these harvest stands and therefore it is possible that 

they used the harvest stand as a temporary storage 
location (Hutchins and Lanner 1982).   
 Because nutcrackers transported seeds from trees 
outside the home range to cache sites within the home 
range, long-distance seed transport was common.  On 
average whitebark pine seeds were transported 10.5 km 
(± 0.6 km) and ponderosa pine seeds 9.0 km (± 0.2 km) 

between harvest trees and cache sites (Table 8).  However, there was considerable variation 
among individuals in seed transport distances depending on the location of the seed source 
relative to the home range.  Some individuals never transported seeds farther than 2.4 km, 
whereas others never transported seeds less than 27.9 km.  Maximum seed-transport distances 
were nearly equal for both species of pine; whitebark pine seeds were transported up to 32.6 km 
and ponderosa pine seeds up to 32.5 km (Table 8).   
 Our measurements of seed transport account only for direct, straight-line distances 
between harvest trees and cache sites.  They do not account for nutcrackers deviating from a 
direct flight path and they do not account for changes in elevation and mountain ranges that 
occurred between seed harvest stands and cache sites.  For example, nutcracker 312 transported 
seeds 32.5 km, and two ridges of 1,850 m elevation occurred between the seed harvest stands at 
640 m and his home range at 1,460 m (Figure 8).  Thus, long-distance seed transport flights are 
likely more energetically costly than reflected by the seed transport distances reported in this 
study.   

We did not calculate time budgets of nutcrackers harvesting and caching seeds, although 
we found that caching bouts (time from arrival within the home range until emptying of pouch 
and leaving the home range) typically lasted between 20 and 40 min, and seed harvest bouts 
(time from arrival within seed harvest stands until filling of pouch and leaving the seed harvest 
stand) lasted from 1 to 5 hr.  Seed transport time varied from 3 min when nutcrackers were 
harvesting and caching seeds within their home range to approximately 40 min for nutcrackers 
transporting seeds over 20 km.  Nutcrackers made between 1 and 10 seed transport flights daily 
between harvest stands and their home range and would sometimes visit different seed harvest 
stands separated by up to 7 km within a single day.   

Autumn selection of habitats within caching areas 
 Once within the home range, ponderosa pine 
residents selected ponderosa pine stands for caching 
and avoided burns and mixed low-elevation forests 
(Wilks‘ Lambda = 0.020, F[3,2] = 32.19, P = 0.0303) 
(Table 9).  Whitebark pine residents did not show significant overall selection (Wilks‘ Lambda = 
0.232, F[3,2] = 2.20, P = 0.3278), but mixed low-elevation forests and cliffs/talus slopes were 
ranked higher than the high-elevation habitats.  The selection of habitats differed among 
nutcrackers occupying ponderosa compared to whitebark pine habitats, although generally drier 
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forest types and lower elevation habitats were selected above wetter forest types and higher 
elevation habitats (Table 10).   

Autumn selection of microsites within habitats 
 Nutcrackers cached 57 percent of seeds above ground in the forest canopy and the 
remaining 43 percent were cached below ground in soil, forest litter, or rock (Figure 9).  A 
higher proportion of caches were placed above ground in wetter forest types and higher elevation 
habitats, whereas most below-ground caches were placed on cliffs or in low-elevation, dry forest 
types (Table 11, Figure 10).  When selecting below-
ground cache sites, nutcrackers did not show 
significant selection for different patch types (F = 
2.59, d.f. = 4, 3, P = 0.23).  However, this lack of 
significance may be the result of a small sample size 
(n = 7 nutcrackers) because we found that 
nutcrackers showed strong selection scores in favor 
of small forest patches and edges but avoidance of 
small and large open patches (Figure 11). 
 We measured microsite characteristics at 171 below-ground caches and paired random 
sites.  Cache sites were closer to cover ( x cover = 4 m) and had more overstory ( x overstory = 20 
percent) and understory cover ( x understory = 16 percent) than random sites ( x cover = 9 m, x overstory = 
8 percent, x understory = 3 percent) (Table 12).  The most parsimonious model describing cache site 
selection included only understory and distance to cover (AICc = 420.86, wi = 0.3706, K = 2) 
(Table 13).  The goodness-of-fit test indicated that the variables in the top model adequately fit 
the data (χ2 = 4.62, d.f. = 8, P = 0.79).  The generalized linear mixed model showed that 
individual birds did not vary in their selection of microsite features.  The odds of a nutcracker 
selecting a site for a cache decreased 13 percent for every 1 m increase in distance from a tree 
offering cover, and increased 2 percent for every 1 percent increase in understory cover (Table 
14).  Overall, as distance to cover decreased and percentage understory increased, the probability 
of a site being used for caching increased (Figure 12). 
 We visited all cache sites 1 to 3 years after cache placement.  Although sites had the 
potential to change between placement and our visit, we think it unlikely that the parameters of 
interest (distance to cover, aspect, slope, etc.) changed substantially between these visits.  During 

our second visit to cache sites we did not observe a single 
germinating pine.  Thus the seeds either had been placed 
in locations unfavorable for germination and seedling 
survival, were consumed, or were re-cached by a pilfering 
animal or the cache owner. 

Breeding attempts by seed transporting nutcrackers 
We did not obtain information on reproductive 

status for one seed-caching nutcracker that was shot and 
killed or for two nutcrackers that shed their tags or died 
before the breeding season. Six seed-caching nutcrackers 
attempted to breed over the course of the study and two 

did not (Table 8).  One additional nutcracker attempted to breed in 2007 but did not attempt to 
breed in 2008.  The seven breeding nutcrackers transported seeds on average 2.60 km (± 1.60 
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km), whereas the three non-breeding nutcrackers transported seeds 21.31 km (± 8.96 km) on 
average.  Although it is possible that these three nutcrackers attempted to breed and we missed 
the cues, we do not think that this is likely because during the breeding season (mid-February 
through May) we visited radio tagged nutcrackers at least once weekly for 2- to 5-hr behavior-
watching sessions and never observed nest building or carrying of nest material, even though we 
found nutcrackers to be conspicuous when constructing nests in other parts of the study area.  If 
these three nutcrackers did attempt breeding, than our conservative deduction is that they failed 
in their nesting attempts within the first 2 weeks of nesting. 

Of the breeding nutcrackers, only one successfully fledged young (nutcracker 719).  We 
set up digital video recorders at the nests of nutcrackers 193 and 211 (Figure 13) and did not 
observe evidence of helpers at the nest.  However, we observed one non-breeding nutcracker 
feeding young (nutcracker 893) and three non-breeding nutcrackers carrying food to begging 
fledglings (nutcrackers 312, 211, and 632).  (In these latter three instances we inferred feeding 
because the fledglings were concealed by foliage of trees.)  These observations suggest that 
cooperative breeding occurs during the post-fledging period in Clark‘s nutcracker.   

Year-round home ranges of some residents overlapped and we saw no evidence of 
territoriality during the breeding season.  We computed the percentage of overlap of home ranges 
for nutcrackers captured at the same site.  Among nutcrackers captured at a site in ponderosa 
pine, the average percentage overlap was 0.18 (± 0.30, n = 5).  Among whitebark pine residents 
captured at the same site, average overlap was 0.27 (± 0.33, n = 3).  At one extreme, the year-
round home range of whitebark pine resident 043 was 90 percent contained within the home 
range of nutcracker 893.  Alternatively, whitebark pine resident 746 was captured at the same 
feeder site and occupied a home range that did not overlap with either nutcracker 043 or 
nutcracker 893. We observed that non-tagged nutcrackers sometimes nested in loose colonies; in 
2007, six pairs nested within approximately 275 ha, an area approximately half the size of the 
average home range in this study.   

Suitability of cache sites for pine establishment 
Whitebark pine is a subalpine tree that matures in whitebark pine and mixed high 

elevation forest types, and in burns and cliff-talus habitat types in our study area.  Ponderosa pine 
matures in ponderosa pine and mixed low elevation forest types, as well as in burns and cliff-
talus habitat types (Lillybridge et al 1995).  We assessed the suitability of selected habitat types 
by determining the numbers of seeds of each type 
placed in these habitats.  To assess the suitability of 
nutcracker cache sites at a microsite scale, we referred 
to results of seedling germination trials conducted by 
McCaughey and Weaver (1990) and Keyes et al. 
(2009), in which whitebark and ponderosa pine seeds 
show the highest germination and seedling survival 
rates when sown in mineral soil (compare to forest 
litter) and in partial shade (compared to full sun). 

In our study, of 605 caches where the seed type 
was known, 42 percent (254 caches) were placed below-ground where germination was possible.  
However, only 42 percent of below-ground whitebark pine caches (25 caches) were placed in 
cliffs/talus, whitebark pine, or mixed high-elevation forest types where seedling establishment 
would be possible (Table 11).  Of the below-ground whitebark pine caches, only four caches 
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were placed in partially shaded locations with less than 50 percent litter cover where germination 
would be likely.  Thus, of all whitebark pine seeds cached by nutcrackers in this study, only 2.6 
percent (four caches) of 155 caches were placed in microsites and habitats where seedling 
establishment was likely. 

A higher proportion of ponderosa pine seeds were placed in sites suitable for 
establishment; 98 percent of below-ground ponderosa pine caches (190 caches) were placed in 
cliffs/talus, burns, ponderosa pine, or mixed low-elevation habitat types where establishment was 
possible (Table 11).  However most of these locations were unsuitable for seed germination 
because they were placed in microsites that lacked cover or contained only forest litter.  A total 
of 21 caches were placed in partially shaded locations with less than 50 percent litter cover. 
Thus, of all ponderosa pine seeds cached by nutcrackers in this study, 4.7 percent (21 caches) of 
450 caches were placed in microsites and habitats where seedling establishment was likely. 

Results for Objective 2 

Surveys  
We completed 70 hr of surveys for Clark‘s nutcrackers across all years, periods, and 

sites.  Overall detection rates were very low and highly variable (5.58 ± 9.75 per 30 minutes of 
survey time; n = 140 surveys).  We found no significant difference in detection rates among 
survey types (F = 1.74, P = 0.1715, n = 56) although we detected more nutcrackers on transect 
and breeding bird surveys compared to point counts (Table 15).  We detected more nutcrackers 
during the second survey period (F = 8.05, P = 0.0016, n = 40), which corresponded to the 
middle of the cone harvest season for whitebark pine (Table 15).   

Detection rates between standard and 
playback point count surveys were comparable for 
the first (t = 0.00, P = 1.000, n = 8) and second 
survey periods (t = -1.01, P = 0.3454, n = 8) (early 
and mid seed harvest season).  However, during the 
third survey period, detections were higher for 
playback point counts compared to standard point 
counts, although this difference was not quite 
significant (t = -2.04, P = 0.0812, n = 8) (Figure 14).  While we observed no responses to 
playback calls during the early and mid seasons, we observed responses on 17 percent of points 
during the late season (n = 126 playback point counts).  On most of these occasions, the playback 
calls elicited immediate but non-aggressive responses (i.e., nutcrackers approaching the observer 
to within 20 m and calling regular calls).  However, on three occasions, observers playing the 
recorded calls were aggressively approached by single or paired nutcrackers that made physical 
or near-physical contact (approaching within 0.5 m).  These five aggressive nutcrackers were 
identified as adults by plumage and all repeatedly responding to the playback recording with 
rapid regular calls and bill-swipes.  Although we did not distinguish between responses to 
regular versus shrill calls, most responses appeared to be in response to playbacks of regular 
calls.   

Because of low detection rates, the amount of survey effort required for accurate 
estimates of nutcracker detectability for distance sampling was prohibitively high.  During the 
peak of nutcracker abundance in August and September, a minimum of 45 km of transects or 249 
point counts would need to be surveyed annually per site to accurately assess nutcracker 
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population size using distance sampling (Table 16).  For surveys conducted in July or October, 
we estimated that up to 300 km of transects or 993 point counts would need to be surveyed for a 
similar level of accuracy. 

Telemetry 
We attempted to trap nutcrackers along 12 survey routes in 2007 and 2009 but succeeded 

in capturing nutcrackers along only 2 routes in 2007 and 4 routes in 2009 (Table 2).  We radio 
tagged 31 nutcrackers and obtained 2,912 telemetry points on these nutcrackers.  Across the 4 
survey routes where nutcrackers were captured, between 12 and 82 percent of all telemetry 
points occurred within 1 km of survey routes (Figure 15).   

Of the 31 nutcrackers captured at sites along survey routes, 17 emigrated from the study 
area in summer.  Nine remained as residents that established home ranges containing portions of 
survey routes.  Only 3 of these nutcrackers retained their radio tag and remained as residents 
during autumn when we conducted surveys; 3 emigrated from home ranges in autumn to harvest 
seeds outside the home range, 1 died, and 2 shed their tags during the summer prior to the seed 
harvest season.  Overall, at the time of surveys in autumn 2007 and 2009, 2 radio-tagged 
nutcrackers occupied home ranges that overlapped the Cash Prairie survey route in 2007 and 1 
occupied a home range on the Cleman survey route in 2007.  During the entire survey period (21 
July through 1 November) we obtained 1,233 telemetry points on these 3 resident nutcrackers.  
Fourteen percent of points occurred within 100 m of the survey transects and 49 percent within 
500 m.   

We never detected radio-tagged nutcrackers during 12 total survey hours at the Cash 
Prairie site and Cleman sites.  By radio-tracking nutcrackers during surveys, we found that 
marked nutcrackers were commonly within detection distance during surveys.  Overall, we 
obtained 132 telemetry points during 7.9 hours of tracking on the three resident nutcrackers 
during or immediately after surveys.  From these tracking sessions we found that Cash Prairie 
residents spent 21 percent of minutes within visual detection distance and 40 percent of minutes 
within auditory detection distance during surveys (Table 17).  The single Cleman resident spent 
0 percent of minutes within auditory detection distance and 4 percent of minutes within visual 
detection distance.  The probability of a nutcracker being within detection distance during 
surveys (pi) ranged from 0.23–0.53 for Cash Prairie 
nutcrackers and was 0.03 for the single Cleman 
nutcracker. 

Over the course of the survey period we 
observed 215 whitebark pine seed harvest events by 
telemetered Clark‘s nutcrackers at the Cash Prairie 
site and 108 whitebark pine seed caching events by 
telemetered nutcrackers at both the Cash Prairie and 
Cleman sites.  During surveys, we recorded 12 seed 
harvest events (pouching whitebark pine seeds) by 
radio-tagged nutcrackers and 7 seed caching events 
by tagged nutcrackers.  Thus, although seed-dispersing, radio-telemetered nutcrackers were 
within detection distance of observers during surveys, observers failed to detect their presence.  
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Cone production and nutcracker abundance 
Cone production within whitebark pine stands ranged between 101 and 4,584 cones/ha 

across all years and sites (Table 18).  Nutcracker abundance across all survey types combined 
was not correlated with cone production (n = 14, r2 = 0.0937, P = 0.2912) (Figure 16) and we 
observed nutcrackers pouching seeds at all whitebark pine sites in both years.  However, 
cumulative nutcracker abundance was correlated with the number of minutes of survey time (n = 
11, r2 = 0.9603, P < 0.0001) (Figure 17).   

Discussion 
The first objective of our study was to quantify year-round habitat use by Clark‘s 

nutcrackers.  We found that habitat composition of home ranges was consistent among all 
seasons although habitat use varied between seasons for different behaviors.  Year-round, 
nutcrackers selected home ranges that contained predominately mixed forests, although stands of 
pure pine occurred in all home ranges.  Foraging habitat varied between summer and autumn; 
summer foraging occurred in all habitat types whereas autumn forging occurred only in pine 
forests.  Although we did not measure habitat selection in winter and spring, we inferred that 
nutcrackers most commonly selected low-elevation habitats within their home ranges during 
these seasons because nutcrackers rely on seed caches for winter and spring sustenance and we 
observed that nutcrackers selected low-elevation habitats within their home ranges when caching 
seeds.   

The second objective of this study was to assess the accuracy of four survey techniques 
for monitoring population trends in Clark‘s nutcracker. We found that there was no difference in 
detection rates among survey methods and that all methods failed to detect some portion of the 
population.  Because of the shortcomings of the tested methods, we suggest that other survey 
methods be tested for possible use in monitoring nutcracker populations. 

Seasonal differences in space use by resident nutcrackers 
Clark‘s nutcrackers in this study appeared to be habitat generalists during summer when 

selecting habitats for foraging.  We found only weak evidence of habitat selection for summer 
foraging, and mixed forests were selected over stands of pure pine.  This is in contrast to 
foraging in autumn, which only occurred in stands of pine.  Nutcrackers favored pine forests in 
autumn likely because they rely on pine seed in autumn and they store large quantities of seeds 

for winter survival and spring breeding.   
Tomback (1978) suggested that Clark‘s 

nutcrackers are altitudinal migrants between summer and 
autumn because they move between pine forests 
producing seeds at different elevations.  Resident 
nutcrackers in this study did not exhibit altitudinal 
migration either between summer and autumn ranges or 
within the autumn seed harvest season.  Summer and 
autumn ranges of all resident nutcrackers overlapped and 
they used high-elevation portions of their summer range 

in autumn on a daily basis irrespective of whether they were harvesting high-elevation (1,640–
1,890 m) whitebark pine seeds in early autumn or low-elevation (700–1,440 m) ponderosa 
pine/Douglas-fir seeds later in the season.  We observed residents placing caches predominately 
within their high-elevation summer range.  Since nutcrackers forage on cached seeds extensively 
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during winter and spring (Mewaldt 1956, Giuntoli and Mewaldt 1978), this suggests that the 
summer range is also the winter and spring range and therefore resident nutcrackers do not 
migrate altitudinally at any time during the year.   

Although we did not observe altitudinal migration between summer and autumn, we did 
observe resident nutcrackers using space differently between autumn and summer.  For example, 
autumn home ranges of residents were significantly larger than summer ranges.  Because this 
study is the first to estimate home range size in Clark‘s nutcracker, comparisons of summer and 
autumn home range size with other studies is not possible.  However, multiple studies have 

investigated home range size in sympatric species, and 
both summer and autumn home ranges of nutcrackers 
were considerably larger than would be predicted by 
correlations of body mass and home range size.  The 
mean nutcracker summer range of 1,273 ha is larger 
than the 58–59 ha 95 percent kernel range reported for 
the Steller‘s jay (Cyanocitta stelleri) (Vigallon and 

Marzluff 2005, Marzluff and Neatherlin 2006) in western Washington, although both species 
weigh approximately 130 g (Greene et al. 1998, Mewaldt 1948).  Clark‘s nutcracker autumn 
ranges were also larger than those of reported for the congeneric spotted nutcracker (Nucifraga 
caryocatactes) of Eurasia.  Clark‘s nutcracker 100 percent MCP autumn ranges in our study 
averaged 7,284 ha compared to 97 and 313 ha autumn ranges reported for the spotted nutcracker 
in the Alps, even though the spotted nutcracker similarly harvests and stores seeds (Rolando 
1996, Rolando and Carisio 1999). 

The difference in summer and autumn space use and overall expansion of home range 
size in autumn is a result of long-distance forays from home ranges that radio-tagged residents 
undertook to obtain conifer seeds.  Rather than migrating and vacating their home range when 
harvesting seeds from distant sources, nutcrackers returned to their home range multiple times 
daily to cache seeds.  We observed residents transporting whitebark pine seeds up to 32.6 km, 
ponderosa pine seeds up to 32.5 km, and Douglas-fir seeds up to 3.7 km.  While average seed 
transport flights in autumn were considerably shorter, the overall result of these long-distance 
flights by residents was an increase in autumn range 
size.   

Our observations of long-distance seed transport 
flights are comparable to and build upon previously 
published observations of seed harvest and transport 
behaviors of nutcrackers in other regions.  Vander Wall 
and Balda (1977) reported seed transport flights of up 
to 22 km by Clark‘s nutcrackers transporting Colorado 
pinyon pine (Pinus edulis) seeds in Arizona, and others 
have reported seed transport flights of 3–12.5 km for 
whitebark pine and limber pine seeds (Tomback 1978, Vander Wall 1988, Hutchins and Lanner 
1982, Dimmick 1993).  While such extraordinary long-distance seed caching flights were first 
reported 30 years ago, the reasons for them have remained speculative (Vander Wall and Balda 
1977, Vander Wall 1988).  Our results are the first to show that resident nutcrackers transport 
seeds long distances for the purpose of caching them within their home range.  Although 
residents may expend considerable amounts of energy transporting seeds in autumn, such an 
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expenditure is beneficial because it enables them to have food stores within their year-round 
range for surviving winter and breeding in spring (Vander Wall and Balda 1977). 

Irrespective of long-distance seed transport flights, Tomback (1978) proposed that 
nutcrackers undergo altitudinal migration because she observed nutcrackers harvesting seeds in 
conspicuous flocks that shifted between high-elevation whitebark pine seed sources in late 
summer and low-elevation Jeffery pine (Pinus jeffreyi) in mid-autumn.  We similarity observed 
an elevational shift in harvest behavior of residents, and residents formed conspicuous flocks in 
low-elevation ponderosa pine forests in our study area in mid-autumn.  By tracking the daily 
movements of individually marked nutcrackers, however, our results show that residents 
congregate in low-elevation habitats for seed harvesting purposes only.  Residents transported 
most seeds out of these stands and several hundred meters in elevation up into the high-elevation 
home range.  Seed transport flights between low-elevation harvest trees and high-elevation cache 
areas have also been reported in Arizona (Vander Wall and Balda 1977), Utah (Vander Wall et 
al. 1981, Vander Wall 1988), and Colorado (Baud 1993, Torick 1995).   

Migratory behavior of emigrant nutcrackers 
Although we did not specifically test hypotheses regarding space use by emigrant 

nutcrackers, our results suggest that like residents, emigrants do not exhibit altitudinal migration.  
During both summer and autumn, emigrants moved over large geographic areas compared to 
residents and over a range of elevations that encompassed both whitebark and ponderosa pine 
cover types.  In both seasons emigrants frequently moved between ponderosa and whitebark 
cover types in one day and there was no trend in movements by emigrants either upslope in 
summer or downslope in autumn.  Space use by emigrant nutcrackers in our study was complex 
and was poorly described by altitudinal migration. 

Collectively our results show that there are differences in space use between residents 
and emigrants.  As such, our results provide the first empirical support for a model of differential 
space use by resident and emigrant nutcrackers first proposed by Vander Wall et al. (1981).  As 
predicted by Vander Wall et al. (1981) all residents in our study occupied home ranges in which 
several species of large-seeded conifer were available within seed transport distance.  In autumn, 
they harvested seeds from many sources although they demonstrated fidelity to the home range 
for all other activities, especially seed caching.  We suggest that residency is a preferred strategy 
and that residents occupy landscapes in which multiple species of large-seeded conifer are 
available within 30 km of the home range.  Residents rarely need to emigrate because seeds of at 
least one species are available every autumn.   

Regarding emigrant nutcrackers, Vander Wall et al. (1981) predicted that in autumn they 
track concentrations of cones on a regional scale and move throughout areas that they have never 
encountered previously.  We suggest that these individuals originate from home ranges in 
landscapes that are less diverse, such that seed production is not consistent enough between years 
for a stable, resident lifestyle.  Vander Wall et al. (1981) proposed that emigrants tend to move in 
conspicuous flocks, which may provide protection from predators; protection offered by the 
flock in unfamiliar areas may compensate for competition for resources.  Emigrants do not show 
fidelity to one wintering area.  Rather, they settle in conifer stands where production is high and 
cache seeds in preparation for winter.  Those that winter successfully attempt to breed in spring 
and return to the area from which they emigrated in June and July of the following year.  We do 
not know the locations of the natal ranges of emigrant nutcrackers radio tagged in our study 
because we have no data on their movements prior to their capture in spring 2007.  We therefore 
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have no information on whether emigrants in our study originally occupied landscapes without 
multiple seed sources.  However, we observed that radio-tagged emigrants ranged widely in 
autumn compared to residents.  In late autumn, we observed that one emigrant settled in a 

location where three species of conifer were producing 
cones. Additionally, we observed that radio-tagged 
emigrants occupied the study area during 1 year of high 
cone production but did not show fidelity to this 
wintering area in the following year.   

We observed seed harvest and caching by two 
emigrants in autumn.  Before settling they cached seeds 
in harvest stands, although these seed cache were not 

retrieved before the birds emigrated from the area.  Despite the apparent wasted energy, 
emigrants have very little to lose but possibly much to gain by caching seeds in harvest stands as 
they travel.  The energy expended to cache seeds in the harvest stand is fairly minimal because 
the seeds are not transported long distances.  Emigrants would benefit from placing the seeds in 
personal caches because these seeds are thus made unavailable to other seed predators in the 
harvest stands.  As predicted by Vander Wall et al. (1981), emigrants travel on a regional scale to 
locate the most productive harvest stands.  If an emigrant does not locate a highly productive 
stand, it could return to any of the previously visited stands and retrieve its caches during the 
winter.  Yet if a more productive stand of conifer is located, an emigrant could readily settle.  
Under these circumstances a winter home range would be established and seeds cached 
previously in other regions would be abandoned.   

Cache site selection by resident nutcrackers 
Resident Clark‘s nutcrackers in this study selected for specific features at multiple spatial 

scales.  They cached seeds at protected microsites in the driest and lowest elevation habitats 
within their home ranges.  We found evidence that nutcrackers compromised either personal 
safety (i.e., they selected sites in the open or far from cover) or energy acquisition (i.e., they 
selected sites where the food store was vulnerable to pilferage by rodents) when choosing cache 
sites at each scale of selection.  On a landscape scale they compromised energy to transport seeds 
long distances to safe home ranges.  Within the home range they avoided open burns and cached 
seeds at microsites close to cover.  These sites were more protected from predators, but because 
small mammals also use sheltered sites for foraging and caching (Hollander and Vander Wall 
2004, Thayer and Vander Wall 2005) these sites were more vulnerable to pilferage.  Rodent 
pilferage can be a major cause of cache loss for Clark‘s nutcracker, and more than 80 percent of 
simulated nutcracker caches have been pilfered in some studies (Tomback 1980, Hutchins and 
Lanner 1982, Baud 1993).  Thus, nutcrackers selected sites for caching that compromised the 
safety of their food stores but secured their personal safety.  This is consistent with studies of 
foraging tradeoffs in small songbirds, which most often treat predation as a greater threat than 
starvation (Bednekoff and Houston 1994). 
 Even though nutcrackers favored protected microsites, they also commonly used open 
cliffs for caching when available, which is consistent with findings of Vander Wall and Balda 
(1977) and Hutchins and Lanner (1982).  Despite the predation risk associated with open cliffs, 
these sites may represent preferred caching habitat when available because of an absence of 
cache-pilfering rodents.  Additionally, steep cliffs shed snow more easily than level ground and 
timbered slopes, thus enabling access to caches in winter (Vander Wall and Balda 1977).  Thus, 
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nutcrackers may have selected cliffs in this study because there were multiple benefits that 
outweighed the cost of high predation risk.   

In support of this observation, we found that open burns were avoided.  Burns potentially 
represent preferred caching habitat because granivorous rodents have difficulty detecting 
olfactory signals from seeds buried in ash (Briggs and Vander Wall 2004).  However, the burn in 
this study was on relatively level ground (6–44 percent slope) and was not steep enough to 
slough snow.  Despite the fact that caches would not be pilfered, we suggest that nutcrackers 
were not willing to risk caching in such an open area where predation risk was high and the 
benefit of cache accessibility in winter was absent.  We urge caution when interpreting these 
results, however.  Our conclusions may be oversimplified because nutcrackers likely make cache 
site selection decisions based on interactions of factors (Bekoff et al. 1999).  Additional studies 
of nutcracker caching behavior in burned and unburned forests of different severity, intensity, 
and pre-fire stand condition are needed before far-reaching conclusions are made on the 
suitability of burns for seed caching. 
 We found that nutcrackers commonly cached seeds above ground in the forest canopy, 
and more caches were placed above ground than below ground in our study.  Above-ground 
caching has been reported before in Clark‘s nutcracker but is generally considered a rarity 
compared to below-ground caching (Vander Wall and Balda 1977, Dimmick 1993).  It is 
possible that above-ground caching is unique to this 
population of nutcrackers.  Alternatively, above-ground 
caching may be more common in populations 
occupying wetter, colder climates and higher latitudes.  
Previous studies of nutcracker caching have occurred in 
lower latitudes or drier forest types (such as Arizona 
[Vander Wall and Balda 1977]; Wyoming [Hutchins 
and Lanner 1982]; and California [Tomback 1978, 
Dimmick 1993]).  However, we feel that it is unlikely that above-ground caching is limited to 
wet and cold environments because in our study residents of both high-elevation whitebark pine 
and low-elevation ponderosa pine forests placed most caches above ground.   
 We feel that it is more likely that above-ground caching has been under-reported for two 
reasons.  First, above-ground caching is less likely to attract the attention of human observers 
because nutcrackers use trees for multiple behaviors such as preening, perching, bill-swiping, 
and general foraging.  They are more likely to attract human attention when selecting cache sites 
on the ground because nutcrackers most commonly visit the ground in autumn to cache or 
retrieve seeds.  Second, past studies were unable to track the movements of individuals, so 
human observers visited areas where flocks of nutcrackers were conspicuously caching.  
Nutcrackers would be most conspicuous when caching on large open slopes, where they are 
highly visible and often in flocks, which reduces predation risk.  However, a solitary nutcracker 
could safely place caches above-ground in trees.  In fact, a nutcracker would benefit from 
remaining quiet and inconspicuous when caching in safe sites to minimize the chances that 
conspecifics would observe their cache and thus be able to pilfer it.  By using radio telemetry, we 
were equally likely to observe nutcrackers caching below-ground, on open slopes, and in large 
flocks, as we were to observe nutcrackers caching above-ground, alone, and in forested areas.    
 There are multiple benefits to caching above-ground in trees: nutcrackers are concealed 
from predators; they are elevated and thus can more quickly escape if pursued; seeds are 
incapable of ‗escaping‘ through germination; the seeds are protected from pilfering chipmunks 
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(Tamias spp.); and the seeds are above the level of winter snowpack.  Yet since above-ground 
caching is not always used, there must also be significant costs.  It is possible that such caches 
are more easily pilfered by arboreal squirrels (Tamiasciurus spp.), chickadees (Poecile spp.), and 
nuthatches (Sitta spp.).  Above-ground caches also may be more easily pilfered by conspecifics; 
although observational spatial memory is required to pilfer below-ground caches, visual searches 
may reveal the locations of above-ground caches because they cannot always be completely 
concealed.  In support of this idea, we observed two resident nutcrackers systematically 
searching along branches and within clumps of foliage in trees within their home ranges.  This 
behavior was unique to November and December, when the seed harvest season had ended but 
when cached seed would be relatively abundant.  On three occasions we observed these 
nutcrackers extract and consume pine seeds that they located in the tree canopy.  Presumably 
these nutcrackers were intentionally searching the trees within their home ranges for cached seed 
placed above ground by other nutcrackers.   

When high-elevation habitats were used for caching, we found that nutcrackers mostly 
selected above-ground caches.  For example, when caching in high-elevation whitebark pine and 
mixed high-elevation forest types, nutcrackers placed 91 percent of all seeds in above-ground 
cache sites.  In low-elevation forest types, they placed only 47 percent of caches above ground in 
trees.  High-elevation forest types in our study area on average receive more than 1,500 cm of 
snowfall compared to 355 cm in low-elevation ponderosa pine forest types (Burns and Honkala 
1990, Lillybridge et al. 1995).  Thus nutcrackers may select above-ground sites when caching in 
habitats that accumulate a lot of snow.   

 Regardless of the placement of caches above or 
below ground, all nutcrackers showed preference for the 
lowest elevation forest types available to them within 
their home range.  Whitebark pine residents selected low-
elevation mixed forest and avoided whitebark pine and 
mixed high-elevation stands, whereas ponderosa pine 
residents selected open ponderosa pine forests and 
avoided mixed low-elevation forests.  Interestingly, 

whitebark pine residents selected the same habitat type that ponderosa pine residents avoided.  
Again, this suggests that the habitat type is less important for cache placement than the amount 
of snow likely to accumulate in the habitat.   

Considering the behavioral plasticity within this one population, we feel that it is 
important to study habitat selection of caching nutcrackers in other regions before conclusions of 
habitat preferences are made. Had we investigated cache site selection only by whitebark pine 
residents, we would have erroneously concluded that nutcrackers prefer mixed low-elevation 
forests for caching because of the habitat type rather than winter accessibility.  Similar 
conclusions were drawn by Vander Wall and Balda 
(1977) from observations of nutcrackers caching in 
Arizona.   
 Despite the apparent preference for caching in 
low-elevation forest types, nutcrackers showed strong 
fidelity to the home range for caching and disregarded 
favorable low-elevation caching habitat when 
transporting seeds from distance sources.  For example, when transporting seeds between harvest 
stands and the home range, whitebark pine residents transported seeds over parkland ponderosa 
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pine stands en route to less preferable caching habitat such as mixed low-elevation forests within 
their home range.  Similar fidelity to home ranges for caching was observed by Swanburg (1956) 
in the Eurasian spotted nutcracker (Nucifraga caryocatactes).  Swanburg (1956) also found that 
nutcrackers used these ‗territories‘ for breeding.  Clark‘s nutcrackers in this study also used 
home ranges for both seed storage and breeding, although territoriality was not observed during 
the breeding season.  The home ranges of many nutcrackers in this study overlapped.  We also 
observed nutcrackers nesting in loose colonies and on three occasions we observed nutcrackers 
feeding fledglings of other nutcrackers.  Overall, our results show that despite the fidelity of the 
home range for seed caching, Clark‘s nutcrackers are not territorial and they may cooperate 
during some parts of the breeding cycle.  Various forms of cooperative breeding occur 
throughout the family Corvidae (e.g., Woolfenden and Fitzpatrick 1984, Marzluff and Balda 
1992, Waite and Strickland 1997) and it is likely that Clark‘s nutcrackers are not an exception. 
 Because nutcrackers showed fidelity to their home range even when collecting seeds 
from distant sources, seed transport distances in our study were greater than reported in past 
studies.  Prior to telemetry studies with Clark‘s nutcracker, the maximum seed transport distance 
recorded for whitebark pine was 12.5 km (Tomback 1978) and the maximum seed transport 
distance reported for any type of seed was 22 km (Vander Wall and Balda 1977).  We found that 
maximum seed transport distances for both whitebark and ponderosa pine were nearly equal and 
this suggests that at our study site, 32.5 km represents a threshold beyond which seed transport 
for either species is unlikely to occur.  Indeed, one nutcracker with a home range 42 km from a 
seed harvest stand relocated her home range in autumn to within 9 km of the harvest stand rather 
than transport seeds such a great distance.  Our average seed transport distances for both species 
of pine were also nearly equal, suggesting that 10 km represents a common average seed 
transport distance for nutcrackers harvesting pine seeds in our study area.   

 Nutcrackers transported seeds to the home range 
in order to have a ready supply of food in a centralized 
and familiar location.  Home range fidelity is common in 
animals because home ranges represent secure areas 
where individuals are familiar with the locations of 
protected sites and food patches.  Transporting seeds 
during autumn eliminates the need for costly excursions 
for food in winter when weather would be severe and day 
lengths short (Vander Wall and Balda 1977).  However, 
despite the advantages of transporting seeds to the home 
range in autumn, we found that autumn seed transport 

was costly for breeders.  Nutcrackers with average seed transport distances exceeding 11 km did 
not attempt breeding, whereas all individuals that transported seeds no farther than 5 km did 
attempt to breed.  This is further supported by between-year differences in breeding by 
nutcracker 893.  We tracked nutcracker 893 over two seed harvest seasons and two breeding 
seasons.  In the first year (2007), his average seed transport distance was 3.2 km and he 
attempted breeding the following spring.  In the following year (2008), his average seed transport 
distance was more than three times that of the previous year (11. 6 km), and he did not attempt to 
breed to following spring.  Nutcrackers may forfeit their ability to breed by engaging in 
energetically costly long-distance seed transport.  Overall, the location of cone-producing stands 
relative to the home range is a determining factor in the distance the nutcrackers transport seeds, 
and thus the quantities of seed stored and ultimately breeding season fitness.  Collectively these 
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results indicate that the juxtaposition of seed harvest stands on the landscape is a determining 
factor in home range quality, and cone production on a landscape scale limits nutcracker 
populations. 

Implications of cache site selection for pine seed dispersal 
Because of their long-distance seed-transport behavior, nutcrackers have the potential to 

contribute to genetic diversity in pines more so than other seed dispersal mechanisms.  Despite 
our small sample size of 12 resident nutcrackers, the ―seed shadow‖ of pines in the center of our 
study area was spectacular; over the course of three autumn seasons, seeds were transported up 
to 32.6 km east, 32.5 km northwest, 25.6 km west, and 20.8 km south of seed harvest trees.  We 
recognize that the effectiveness of nutcrackers as seed dispersers depends on both the quantity of 
seeds dispersed and the quality of sites for seed germination, seedling establishment, and plant 
maturation (Schupp 1993).  However, our results suggest that as long distance seed dispersal 
agents, nutcrackers have keystone functions for pines in montane ecosystems in western North 
America. 
 Keane and Arno (2001) suggested that stand-level silvicultural treatments such as 
prescribed fire and mechanical thinning may increase nutcracker caching in treated stands, 
leading to an increase in regeneration.  They hypothesized that these habitats were preferred by 
caching nutcrackers and thus nutcrackers would be attracted to these areas for caching.  Given 
the fidelity for home ranges observed in our study, we feel that it is unlikely that such stand-level 
treatments would influence the landscape-scale caching decisions of resident nutcrackers.  While 
transporting seeds between harvest stands and home ranges, nutcrackers traveled over every 
possible forest type in our study area, including but not limited to thinned and clear-cut forests 
and burns of different forest type, age, intensity, and severity.  Moreover, the overall avoidance 
of burns by nutcrackers in this study suggests that prescribed fire alone is not likely to increase 
caching by any nutcrackers, even for emigrant nutcrackers that do not show fidelity to home 
ranges for caching (Lorenz and Sullivan 2009).  This may be because burns generally lack 
protective cover that was important for seed caching nutcrackers in this study.  If managers 
would like to increase the suitability of burns for caching, we suggest that they ensure that 
overstory or understory cover is retained within treated stands to provide nutcrackers with a 
means of protection from predators. 

On habitat and microsite scales, nutcrackers 
placed only 3 and 5 percent of whitebark and 
ponderosa pine seed caches in sites where seed 
germination and seedling establishment was likely.  
We based our assessment of the suitability of 
habitats and microsites for germination on previous 
studies of germination requirements in these pines 
(e.g., McCaughey and Weaver 1990, Keyes et al. 
2009).  We were surprised to find that at the habitat 
scale, nutcrackers were more effective seed 
dispersers for ponderosa pine than whitebark pine.  Nearly half of all below-ground ponderosa 
pine seeds caches were placed in habitats where seedlings could establish as mature trees; only 
16 percent of all whitebark pine seeds were placed in habitats favorable for tree maturation.  
Prior to this study, nutcrackers were generally considered effective seed dispersers for whitebark 
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pine (Tomback 1982) and their role as seed dispersers for ponderosa pine had received 
comparatively little attention. 

At the microsite scale, nutcrackers were ineffective seed disperses for both species of 
pine.  Both whitebark and ponderosa pine seedlings show the highest survivorship when placed 
in partially shaded locations and in mineral soil (McCaughey and Weaver 1990, Keyes et al. 
2009), but nutcrackers placed only 3 to5 percent of seeds in such microsites.  These results build 
upon previous work by Vander Wall and colleagues (e.g., Vander Wall 1997, Hollander and 
Vander Wall 2004, Thayer and Vander Wall 2005) that birds act as important long-distance seed 
dispersal agents for North American pines, but their microsite-scale caching decisions are 
relatively ineffective for dispersal compared to other 
agents.  For example, nutcrackers in this study placed 
only 31 percent of caches in sites with protective cover 
and only 13 percent in mineral soil.  Although caution is 
needed when comparing results across studies, Vander 
Wall (1997) and Thayer and Vander Wall (2005) found 
that scatter-hoarding rodents cached up to 95 percent of 
seeds near (and in the partial shade of) nurse shrubs and 
up to 90 percent in mineral soil.  In a comparative study of seed dispersal effectiveness of 
Steller‘s jays and yellow-pine chipmunks (Tamias amoenus), Thayer and Vander Wall (2005) 
found that chipmunks cached more seeds in mineral soil and under nurse shrubs compared to 
jays.  They went on to suggest that rodents can improve the quality of bird dispersal by pilfering 
caches placed by birds in unsuitable microsites and recaching seeds in sites near nurse shrubs 
and in mineral soil (Vander Wall 1997, Thayer and Vander Wall 2005).   

Currently, all seed dispersal in whitebark pine is attributed to Clark‘s nutcracker.  Yet 
seed fate pathways in whitebark pine have not been formally studied.  It is possible that pilfering 
of nutcracker caches by rodents increases the effectiveness of nutcracker seed dispersal.  There 
are certainly ample opportunities for rodents to obtain seeds from nutcracker caches; in previous 
studies, rodent pilferage of simulated nutcracker caches exceeds 80 percent (Tomback 1980, 
Hutchins and Lanner 1982, Baud 1993).  Given the ineffectiveness of microsite-scale cache site 
selection by nutcrackers in this study, effective long distance seed dispersal by Clark‘s 
nutcracker may depend on habitat-scale pilfering of nutcracker caches by rodents.  It is possible 
that rodents play an important role in secondary phases of seed dispersal for whitebark pine, and 
our results suggest that for whitebark pine,the long-standing tenet of an exclusive bird-pine 
mutualism should be revisited.    

Clark’s nutcracker surveys 
We were unable to assess the accuracy of different survey techniques for estimating 

population size in Clark‘s nutcracker because marked nutcrackers were not detected during 
surveys.  We also had many surveys with few or no detections.  This appeared to be a function of 
nutcracker detectability; even during surveys with no detections, we found that marked 
nutcrackers were commonly within detection distance of surveyors but were silent and 
inconspicuous.  Overall, given our low detection rates and the inability of surveys to detect 
nutcrackers that were known to be present, we feel that conventional songbird survey methods 
do not reliably estimate either nutcracker abundance or seed dispersal probability.   

Our conclusions are not especially surprising given the relationship of Clark‘s nutcracker 
to crows and jays in the family Corvidae.  Some species of corvid can pose problems for 
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managers attempting to estimate population parameters from conventional land bird survey 
methods (Balda 2002) because conventional methods such as unadjusted point counts and 
distance sampling require that birds are ‗available‘ for detection during the survey period (that is, 
they call, sing, or perch in conspicuous locations such that it is possible to detect their presence) 
(Farnsworth et al. 2002).  Many species of corvid may not be available during surveys because 
they do not advertise breeding condition or territory boundaries with characteristic or reliable 
songs and calls.  Estimating population sizes also requires relatively large sample sizes, and 
because corvids typically occupy large home ranges, detection rates are often low unless large 
areas are surveyed.  Corvids such as pinyon jays (Gymnorhinus cyanocephalus) and Clark‘s 
nutcrackers present additional challenges for monitoring programs because their life history 
strategies are centered around ephemeral food supplies; they readily emigrate from regions of 
low food production and congregate in regions of food abundance (Vander Wall et al. 1981, 
Marzluff and Balda 1992).  Thus, detection rates from counts more accurately assess the 
response to food availability rather than estimate the size of the population of interest.  Standard 
surveys also require that birds behave independently of one another (Bibby et al. 2000).  Yet 
pinyon jays and nutcrackers are social species, particularly when congregating in areas of food 
abundance in autumn; the location, behavior, and vocalizations of the flock influence the 
locations, behavior, and vocalization rates of individuals (Marzluff and Balda 1992, Tomback 
1998). 

Distance sampling has been proposed as an effective method for estimating population 
size in Clark‘s nutcracker.  Our results suggest that for all but the most highly populated areas, 
distance sampling is likely to be cost-prohibitive because distance sampling requires large 
numbers of individual detections for estimating detection probabilities (Buckland et al. 2001, 
Rosenstock et al. 2002).  For Clark‘s nutcracker, we estimated that up to 1,000 point counts per 
year per habitat would be necessary to estimate the detectability function at our study sites.  The 
effort and cost required to conduct such an extensive point count survey is likely beyond the 
scope of most management agencies.  Moreover, it is in regions with low populations of 
nutcrackers that accurate estimates of population size are most important, and an even larger 
sample size of surveys would be necessary in such areas.  Our results suggest that distance 
sampling is not likely to provide an accurate or cost-effective means of monitoring the status of 
nutcracker populations in many parts of their range. 

Despite shortcomings of traditional songbird 
survey techniques for monitoring Clark‘s nutcracker, less 
conventional methods that have been developed for 
monitoring functionally rare species may be useful.  For 
example, occupancy modeling and Bayesian approaches 
have been used to model population size based on 
presence/absence data (MacKenzie et al. 2002, Peterson 
and Bayley 2004).  Other less model-intensive methods 

include double sampling (Bart and Earnst 2002) and time-to-detection methods (Farnsworth et 
al. 2002).  For managers who would like to implement Clark‘s nutcracker surveys, time-to-
detection methods be used in conjunction with point counts in densely forested habitats and 
walking transects in open habitats.  Occupancy modeling would be useful in areas where 
nutcracker abundance is very low, but inferences associated with occupancy modeling are more 
restricted.  We also suggest that counts be conducted during July, which would help to eliminate 
bias associated with counting large numbers of emigrants from other regions (Bart et al. 2004).  
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(Emigrant nutcrackers may be attracted to cone-producing stands beginning in August and they 
may linger and overwinter in these regions until the following spring [Vander Wall et al. 1981, 
Lorenz and Sullivan 2009]). 

We caution against using nutcracker presence or abundance to model the probability of 
seed dispersal within stands.  This is because nutcrackers were poorly sampled by conventional 
survey methods in this study and many individuals were not detected.  For example, McKinney 
et al. (2009) predicted that seed dispersal probability for our Cash Prairie and Cleman sites 
would be near or at zero.  Yet we observed three radio marked residents place more than 97 
percent of all of their seed caches at these sites.  Additionally, we found that nutcracker 
abundance was not correlated with cone abundance, and therefore cone abundance alone was not 
responsible for nutcracker presence within stands.  Nutcracker seed dispersal is likely affected by 
several landscape- to range-wide-level parameters such as:  

 Proportion of emigrants compared to residents harvesting seeds;  
 Juxtaposition of home ranges relative to cone-producing stands (Lorenz and Sullivan 

2009);  
 Nature of the granivorous rodent community (McKinney and Tomback 2007, Thayer and 

Vander Wall 2005);  
 Cone production in multiple species of pine on a range-wide scale (Vander Wall et al. 

1981); and  
 Habitat and microsite features of the harvest stand.   

Conclusion 
Outside the autumn seed harvest season, Clark‘s nutcrackers in this study were 

generalists in their selection of habitats.  Mixed-forest types were selected both for home ranges 
and foraging, although home ranges and foraging occurred in all habitat types ranging from 
lowland ponderosa pine forests to high-elevation whitebark pine stands.  In autumn, however, 

nutcrackers were habitat specialists and foraged 
exclusively in pine stands where seed cones were 
available.  Since home ranges did not often contain 
cone-producing pine stands, nutcrackers commonly 
traveled outside the home range and on a landscape scale 
to harvest cones.  Autumn cone production on a 
landscape scale therefore appears critical for overwinter 
survival and spring productivity in Clark‘s nutcracker, 
and cone production likely limits populations of 
nutcrackers in the Cascade Range.   

We found that both whitebark and ponderosa 
pine seeds were heavily used by nutcrackers.  Although 
ponderosa pine and whitebark pine stands have been 
altered since historical levels (Tomback et al. 2001, 

Krannitz and Duralia 2004), populations of ponderosa pine at present are relatively stable.  
However, whitebark pine in the Cascade Range is declining because of mountain pine beetle and 
white pine blister rust (Ward et al. 2006, and references therein).  Consequently, Clark‘s 
nutcracker populations in the Cascades are likely declining and will not stabilize unless alternate 
pine seed sources become available or whitebark pine populations rebound.  Ponderosa pine is 
the primary alternative food source for nutcrackers in the Cascade Range.  Therefore, increasing 
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the vigor of ponderosa pine stands may sustain nutcracker populations until whitebark pine 
recovers, and management of low-elevation ponderosa pine stands may be critically linked to the 
restoration of high-elevation whitebark pine stands. 

In addition to investigating general habitat selection, we separately modeled cache site 
selection by nutcrackers in autumn.  We found that seed dispersal effectiveness was influenced 
by several factors including migratory status and the position of the summer home range relative 
to autumn seed sources.  On a landscape scale, nutcrackers were important long-distance seed 
dispersers in our study area.  Yet long-distance seed dispersal was not compatible with 
reproductive fitness, and nutcrackers that dispersed seeds long distances forfeited their ability to 
breed to following spring.  On a microsite scale, we found that only 3 to 5 percent of seeds were 
placed in locations suitable for seedling establishment.  However, we also found that all habitats 
and microsite features were used at least on a few occasions.  For pines that are dispersed by 
nutcrackers, this ensures that despite the caching preferences of nutcrackers, at least some caches 
in all years are placed in sites suitable for germination.   

We found that nutcracker surveys were fairly ineffective because detection rates were 
very low.  Moreover, we were unable to assess the accuracy of survey techniques for monitoring 
Clark‘s nutcrackers because they failed to detect all individuals.  Overall, our results suggest that 
conventional methods for monitoring nutcrackers may produce biased estimates of population 
size.  Because of the shortcomings of these conventional methods, we suggest that managers 
either use double sampling (Bart and Earnst 2002) or time-to-detection methods (Farnsworth et 
al. 2002).  Where nutcracker abundance is very low and detections are rare, we suggest that 
managers use occupancy modeling (MacKenzie et al. 2002).  These methods do not require 
much additional training for field personnel compared to conventional methods and they are 
reasonably cost-effective.  Double sampling and time-to-detection methods also enable the 
estimation of probability of detection or availability which leads to more accurate estimates of 
population size (Bart and Earnst 2002, Farnsworth et al. 2002).  Regardless of the survey type 
used, managers in most regions should expect that detection rates of nutcrackers will be low and 
that large amounts of survey time will be needed for accurate information on population status.   

We found that nutcracker abundance was a poor indicator of seed-dispersal probability 
because nutcracker presence could not be reliably determined within stands.  We suggest that 
managers rely on cues of nutcracker seed harvest, such as the presence of nutcracker harvested 
cones, rather than observations of nutcrackers when estimating the probability of seed dispersal. 
We discourage managers from using standard methods such as unadjusted point counts and area 
searches, unless subsequent management decisions explicitly recognize the limitations of such 
methods for making inferences about population parameters. 
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Table 1. Definitions of habitat types classified within the Olympic and Cascade Study Areas. 
Habitat type Description 
OLYMPIC STUDY AREA  
Low elevation wet Forest dominated by western hemlock, Douglas-fir, and/or pacific silver fir (Abies amabilis) with 

canopy cover > 10% 
High elevation wet Forest dominated by subalpine fir and western redcedar (Thuja plicata) with canopy cover > 10% 
Whitebark pine Forest where whitebark pine occurs as a mature tree in the overstory 
Cliff/talus Slopes with a minimum 40% incline and canopy cover < 2% 
  
CASCADE STUDY AREA  
Parkland ponderosa pine Forest dominated by ponderosa pine with canopy cover < 10% 
Ponderosa pine  Forest dominated by ponderosa pine with canopy cover > 10% 
Mixed low elevation Forests dominated by grand fir (Abies grandis) or Douglas-fir and containing ponderosa pine, western 

larch (Larix occidentalis), western hemlock as components in the overstory 
Mixed high elevation Forest dominated by mountain hemlock, subalpine-fir, and subalpine larch (Larix lyallii) and possibly 

containing whitebark pine, Englemann spruce (Picea engelmannii), western white pine (Pinus 
monticola), grand fir as components in the overstory 

Whitebark pine Forest dominated by whitebark pine with canopy cover > 10% 
Parkland whitebark pine Forest dominated by whitebark pine with canopy cover < 10% 
Cliff/talus Slopes with a minimum 40% incline and canopy cover < 2% 
Burned Forest burned in wildfires between 2000 and 2008 
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Table 2. Number of Clark‘s nutcrackers captured and radio tagged at feeder sites along 
established survey routes in the Olympic and Cascade Mountains, Washington, in 2007 and 
2008, and the number of resident nutcrackers that occupied home ranges overlapping survey 
routes. 

Year Survey route 
Feeder 
number 

Distance from 
feeder to survey 

route (km) 

Number of 
nutcrackers 
radio tagged 

Number of residents with 
home ranges that 

overlapped survey routes 
2007 Ahtanum 1 0.01 0 - 

  
2 0.80 0 - 

  
3 0.71 0 - 

 
Cash Prairie 1 0.05 18 2 

 
Cleman 1 0.03 0 - 

  
2 0.05 1 1 

  
3 0.25 0 - 

  
4 1.00 0 - 

 
Timberwolf 1 0.18 0 - 

  
2 0.75 0 - 

 
Upper Nile 1 0.00 0 - 

  
2 0.28 0 - 

All 2007 sites combined 12 0.34 (mean) 19 (sum) 3 (sum) 
2008 Ahtanum 1 0.47 2 1 

  
2 1.11 0 - 

 
Cash Prairie 1 0.03 3 2 

  
2 0.23 0 - 

  
3 0.26 0 - 

  
4 0.77 0 - 

 
Cleman 1 1.23 0 - 

  
2 2.25 4 2 

 
Marmot Pass 1 0.01 0 - 

  
2 0.01 0 - 

  
4 1.98 3 1 

 
Timberwolf 1 0.04 0 - 

All 2009 sites combined 12 0.70 (mean) 12 (sum) 6 (sum) 
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Table 3. Home range size (95 percent fixed kernel), range of autumn movements (100 percent minimum convex polygon (MCP)), and 
number of point relocations and caches obtained for 12 radio tagged resident Clark‘s nutcrackers in the Cascade Range, Washington, 
from 13 June, 2006, through 20 July, 2009. 

Bird ID Sex 
Home range 
kernel (ha) 

Home range 
kernel (km2) 

Autumn 
MCP (ha) 

Autumn 
MCP (km2) 

Number of point 
relocations 

Number of 
caches 

505 male 138.6 1.4 28098.5 281.0 255 21 
746 male 138.8 1.4 14379.2 143.8 324 96 
091 female 161.4 1.6 1471.6 14.7 302 33 
043 female 183.5 1.8 5170.0 51.7 663 64 
632 male 188.7 1.9 663.8 6.6 368 84 
719 female 249.6 2.5 1716.8 17.2 161 32 
211 male 290.3 2.9 1756.4 17.6 533 80 

893 (2007) male 355.8 3.6 5450.9 54.5 526 79 
893 (2008) male - - 14572.6 145.7 302 17 

312 male 366.3 3.7 11434.8 114.3 368 25 
781 male 460.0 4.6 677.3 6.8 373 39 
332 male 776.0 7.8 8368.5 83.7 285 7 
193 male 2074.7 20.7 935.4 9.4 409 34 

Mean 
 

448.6 4.5 7284.3 72.8 399 51 
Standard deviation 

 
543.1 5.4 8093.5 80.9 169 31 
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Table 4. Simplified ranking matrices for radio tagged Clark‘s nutcrackers in the Cascade Range, Washington, comparing habitat of 
home ranges to habitat composition within the study area.  The sign of the t-value is indicated by + or –, and +++ or --- indicates 
significant deviation from random at P < 0.05.  Ranks are equal to the sum of positive values in each row and a large rank indicates 
more preferred. 

 
Habitat type 

Habitat type Burned 

Mixed 
high 

elevation 

Mixed 
low 

elevation 

Parkland 
whitebark 

pine Cliff/talus 
Whitebark 

pine 
Ponderosa 

pine 

Parkland 
ponderosa 

pine Rank 
Mixed low elevation + + . +++ +++ +++ +++ +++ 7 
Parkland whitebark pine + + --- . + + + +++ 6 
Mixed high elevation + . - - + + + + 5 
Burned . - - - + + + +++ 4 
Whitebark pine - - --- - + . + + 3 
Ponderosa pine - - --- - + - . +++ 2 
Cliff/talus - - --- - . - - + 1 
Parkland ponderosa pine --- - --- --- - - --- . 0 
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Table 5. Simplified ranking matrices for radio tagged Clark‘s nutcrackers that were residents of whitebark pine forests in the Cascade 
Range, Washington, comparing summer foraging habitat to habitat composition within home ranges.  The sign of the t-value is 
indicated by + or –, and +++ or --- indicates significant deviation from random at P < 0.05.  Ranks are equal to the sum of positive 
values in each row and a large rank indicates more preferred. 

 
Habitat type 

 
Habitat type 

Mixed high 
elevation 

Mixed low 
elevation 

Parkland 
whitebark pine Cliff/talus 

Whitebark 
pine 

Ponderosa 
pine Rank 

Mixed low elevation + . +++ +++ +++ +++ 5 
Mixed high elevation . - + + +++ + 4 
Parkland whitebark pine - --- . + + + 3 
Ponderosa pine - --- - + + . 2 
Cliff/talus - --- - . + - 1 
Whitebark pine --- --- - - . - 0 
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Table 6. 100 percent minimum convex polygon (MCP) range size (ha) of and range of elevations (m) used by 21 emigrant nutcrackers 
in 2007 from the date that they were released with a radio tag until either the last day they were detected in the study area or the day 
that their tag was retrieved, for deaths and shed tags.  Ranges were calculated only for individuals with more than 10 relocation points.   

Bird ID Age1 
Number 
of fixes Period of tracking 

100% minimum 
convex polygon (ha) 

Range of elevations used 
within study area (m) 

Average daily change 
in elevation (m) 

043[1]2 A 13 12 May-5 June 122.27 1441-1829 -916.23 
107 A 25 12 May-20 June 1701.21 1038-2036 315.87 
220[1] 2 A 5 3 May-1 June - 1144-1698 - 
220[2] 2 J 3 9 June-3 July - 1759-1775 - 
240 A 20 3 May-1 June 108.85 1749-1920 124.60 
322 A 6 28 April-31 May - 1118-1539 - 
382 A 11 28 April-5 June 427.27 1426-1836 -130.90 
422 A 129 12 May-3 July 7539.95 1319-2118 -46.46 
483 A 12 28 April-23 May 95.97 1161-1781 -39.62 
505 A 25 19 April-27 June 1946.04 1350-1889 -237.69 
521 A 6 24 April-1 June - 851-1538 - 
529 A 15 28 April-7 June 233.70 1290-1800 80.67 
546 A 0 12 May-25 May - - - 
557 A 6 22 November-21 March - 785-1633 - 
591 A 85 24 April-27 June 4995.74 1348-2081 50.67 
607 A 8 3 May-31 May - 1063-1772 - 
621[1] 2 A 4 3 May-30 May - 1136-1783 - 
621[2] 2 J 2 9 June-19 June - 1753-1762 - 
733 A 12 3 May-30 May 3882.03 1174-1909 -58.83 
884 A 4 24 April-28 May - 1226-1407 - 
983 A 4 24 April-25 May - 1657-1778 - 

1 Nutcrackers were aged as either adult (after-hatch-year) or juvenile (hatch-year) or according to Mewaldt (1958) and A=adult and J=juvenile. 
2 Radio tags for nutcrackers 043[1], 220[1], and 621[1] were retrieved because of death (nutcrackers 043[1] and 621[1]) and shed tag (nutcracker 220[1]).  These 
tags were later fitted to the following nutcrackers captured on a later date: 043, 220[2], and 621[2].  All of these nutcrackers were emigrants except for nutcracker 
043, who was a resident of the Cascade Study Area in 2007.  
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Table 7. Number of independent foraging events and total time spent foraging for different food items by resident and emigrant 
Clark‘s Nutcrackers from May through July, 2007. 

Description of food 
item 

Residents Emigrants 

Number of independent 
foraging events 

Total time spent foraging 
for food item (min) 

Number of independent 
foraging events 

Total time spent foraging 
for food item (min) 

Insect 114 309 36 231 

Germinating 
whitebark pine seed 0 0 129 364 

Ponderosa pine seed 
within cones 5 45 11 138 

Whitebark pine seed 
within cones 7 47 0 0 

Seed retrieved from 
personal cache 9 15 0 0 

Unknown 5 16 5 22 

Total 140 432 181 755 
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Table 8. Distances that whitebark and ponderosa pine seeds were transported between seed harvest trees and cache sites by 12 resident 
Clark‘s nutcrackers during the autumns of 2006, 2007, and 2008, in the Cascade Range, Washington, and whether breeding was 
attempted in the spring following seed harvest.   

Seed type Bird ID 
Minimum seed 

transport distance (km) 
Maximum seed 

transport distance (km) 
Average (SD) seed 

transport distance (km) 
Nested following 

seed harvest? 
Whitebark pine 043 0.00 2.39 0.67 (0.22) Yes 

 
893 0.00 12.77 2.01 (0.28) Yes 

 
719 0.05 7.49 3.60 (0.32) Yes 

 
5051 26.54 32.55 29.82 (0.11) - 

      Ponderosa pine 719 0.00 3.03 0.46 (0.44) Yes 

 
193 0.00 4.38 0.86 (0.51) Yes 

 
211 0.01 8.26 2.89 (0.14) Yes 

 
632 3.11 5.63 4.00 (0.23) Yes 

 
893 (2007) 2.63 6.24 4.28 (0.64) Yes 

 
781 3.56 5.24 4.41 (0.33) Yes 

 
0911 0.00 8.74 4.96 (0.27) - 

 
893 (2008) 2.76 18.38 11.56 (4.17) No 

 
7461 6.15 20.78 17.17 (0.45) - 

 
505 12.95 26.07 20.05 (1.11) No 

 
332 20.80 25.58 23.18 (0.40) No 

 
312 27.95 32.53 29.19 (0.48) No 

1 Breeding status was not determined because of mortality or shed tag: nutcracker 505 died from a shotgun wound in October 2006, nutcracker 091 shed her tag 
in February 2009, and nutcracker 746 either died or shed his tag in December 2008 but the tag was in a wilderness area and was never retrieved. 
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Table 9. Simplified ranking matrices for radio tagged Clark‘s nutcrackers in the Cascade Range, Washington, comparing habitat of 
used cache sites to habitat composition within home ranges for five ponderosa and five whitebark pine residents separately.  
Whitebark and ponderosa pine seed caches and seed harvest observations for all autumn seasons from 2006 through 2009 were 
lumped.  The sign of the t-value is indicated by + or –, and +++ or --- indicates significant deviation from random at P < 0.05.  Ranks 
are equal to the sum of positive values in each row and a large rank indicates more preferred. 
 
PONDEROSA PINE RESIDENTS 

 
Habitat type 

 
Habitat type 

Mixed low 
elevation 

Ponderosa 
pine 

Parkland ponderosa 
pine Burned Rank 

Parkland ponderosa pine +++ + . +++ 3 
Ponderosa pine + . - +++ 2 
Mixed low elevation . - --- +++ 1 
Burned --- --- --- . 0 

      WHITEBARK PINE RESIDENTS 

    
 

Habitat type 
 

Habitat type Cliff/talus 
Whitebark 

pine 
Mixed high 
elevation 

Mixed low 
elevation Rank 

Mixed low elevation + + + . 3 
Cliff/talus . + + - 2 
Mixed high elevation - + . - 1 
Whitebark pine  - . - - 0 
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Table 10. Proportion of different habitat types used by seed-caching Clark‘s nutcrackers in the Cascade Range, Washington, and 
availability of habitat types within home ranges for five ponderosa and five whitebark pine residents separately. Whitebark and 
ponderosa pine seed caches and seed harvest observations for all autumn seasons from 2006 through 2009 were lumped.   
 
PONDEROSA PINE RESIDENTS       

 Habitat type 
  Mixed low elevation  Ponderosa pine  Parkland ponderosa pine Burned  

Bird ID Used Available Used Available Used Available Used Available 
193 0.03 0.25 0.38 0.20 0.59 0.33 0.00 0.21 
211 0.05 0.09 0.44 0.18 0.44 0.11 0.08 0.62 
505 0.19 0.47 0.52 0.11 0.29 0.13 0.00 0.30 
632 0.10 0.53 0.18 0.20 0.73 0.22 0.00 0.05 
781 0.72 0.48 0.13 0.13 0.15 0.17 0.00 0.22 

         
WHITEBARK PINE RESIDENTS       

 Habitat type 
  Cliffs/talus  Whitebark pine  Parkland whitebark pine Mixed low elevation  

Bird ID Used Available Used Available Used Available Used Available 
043 0.13 0.12 0.06 0.08 0.33 0.54 0.48 0.26 
312 0.00 0.06 0.00 0.07 0.00 0.23 1.00 0.64 
719 0.41 0.13 0.00 0.07 0.13 0.26 0.47 0.53 
746 0.50 0.32 0.37 0.28 0.03 0.06 0.11 0.34 
893 0.18 0.12 0.07 0.08 0.41 0.33 0.34 0.47 
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Table 11. Number of whitebark and ponderosa pine seeds placed in above- and below-ground cache sites and in different habitats by 
12 resident Clark‘s nutcrackers of the Cascade Range, Washington, from 2006 through 2009. 
  Whitebark pine seed caches Ponderosa pine seed caches   

 Habitat type 

Number (proportion) 
of above-ground 

caches 

Number (proportion) 
of below-ground 

caches 

Number (proportion) 
of above-ground 

caches 

Number (proportion) 
of below-ground 

caches 
Total placed in 

habitat type 
Cliff/talus  9 (0.06) 18 (0.12) 11 (0.02) 36 (0.08) 74 
Mixed high elevation 54 (0.35) 5 (0.03) 4 (0.01) 2 (0.00) 65 
Mixed low elevation 18 (0.12) 28 (0.18) 73 (0.16) 42 (0.09) 161 
Parkland whitebark pine 2 (0.01) 0 0 1 (0.00) 3 
Parkland ponderosa pine 4 (0.03) 4 (0.03) 58 (0.13) 67 (0.15) 133 
Whitebark pine 6 (0.04) 2 (0.01) 47 (0.10) 1 (0.00) 56 
Ponderosa pine 2 (0.01) 3 (0.02) 62 (0.14) 40 (0.09) 107 
Burned 0 0 1 (0.00) 5 (0.01) 6 
Total 95 60 256 194 605 

 



Clark‘s nutcracker habitat use and relative abundance 

52 
 

Table 12. Proportion of cache sites compared to paired random sites associated with different 
microsite features for 171 below-ground caches created by 12 resident Clark‘s nutcrackers in the 
Cascade Range, Washington, from 2006 through 2009.  Whitebark and ponderosa pine seed 
caches are combined. 

 
Cache sites Paired random sites 

Microsite feature Mean Standard deviation Mean Standard deviation 
Overstory cover (%) 20.85 32.79 7.84 20.66 
Understory cover (%) 16.24 31.29 3.14 13.91 
Grass cover (%) 31.84 25.15 34.47 28.02 
Litter cover (%) 28.60 29.41 17.02 21.26 
Rock cover (%) 17.23 21.35 19.58 23.65 
Bare ground cover (%) 22.27 22.11 28.71 24.60 
Slope (%) 51.42 30.38 49.31 30.84 
Distance to cover (m) 3.79 3.99 8.94 13.18 
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Table 13. Akaike‘s information criterion, ΔAICc, Akaike weights (wi) for top-ranked logistic regression candidate models assessing 
microsites-scale cache site selection by Clark‘s nutcrackers in the Cascade Range, Washington (2006–2009).  Akaike‘s information 
criterion is based on -2 × log likelihood (L) and the number of parameters (K) in the model. 

Model -2(L) K AICc ΔAICc  wi 
understory+distance 414.86 2 420.9 0.0 0.3706 
understory+distance+δi

patch 412.00 3 420.0 0.9 NA 
understory+overstory+grassforb+distance 411.60 4 421.8 0.9 0.24255 
understory+overstory+distance 413.97 3 422.1 1.2 0.20728 
understory+overstory+grassforb+rock+distance 411.06 5 423.3 2.4 0.11252 
understory+overstory+grassforb+rock+bareground+distance 410.82 6 425.2 4.3 0.04478 
understory+overstory+grassforb+rock+bareground+aspect+distance 410.72 7 427.2 6.3 0.01643 
understory+overstory+grassforb+rock+bareground+aspect+slope+distance 410.68 8 429.2 8.3 0.00584 
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Table 14. Model variables, coefficient estimates (βj), coefficient standard errors, and odds ratios 
from the best supported fixed-effects and mixed-effects models explaining microsite-scale cache 
site selection by Clark‘s nutcrackers in the Cascade Range (2006–2009). 
Variable Estimate Standard error Odds ratio Variance 
Fixed effects models 

Understory cover (%) 1 0.0177 0.0066 1.0179 NA 
Distance to cover (m)2 -0.1274 0.0281 0.8804 NA 

     Random effects models 

    Understory cover (%) 0.0115 0.0070 1.0115 NA 
Distance to cover (m)1 -0.1337 0.0319 0.8748 NA 

δi
patch NA NA NA 0.2234 

1 p < 0.01 
2 p < 0.0001 
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Table 15. Mean, minimum, and maximum numbers of Clark‘s nutcrackers detected on four 
different survey types and during three survey periods in the Olympic and Cascade Mountains, 
Washington, in 2007 and 2009. 

 
Mean Minimum Maximum 

Survey type 
   BBS 6.30 (8.14) 0 27 

Playback point count 5.75 (9.26) 0 23 
Standard point count 4.30 (8.60) 0 49 
Transect 6.50 (12.00) 0 64 

    Survey period 
   1 (July) 3.25 (3.38) 0 10 

2 (August-September) 9.46 (13.79) 0 64 
3 (October) 2.86 (4.30) 0 19 
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Table 16. Minimum required sample size for kilometers of transects and numbers of point counts 
needed to estimate a detectability function for distance sampling of Clark‘s nutcrackers in the 
Cascade and Olympic Mountains, Washington, with a desired coefficient of variation of 0.10.  
Estimates are based on number of nutcrackers detected during transects and point counts (n0), 
lengths of transects surveyed (L0), and number of point counts surveyed (k0) in 2007 and 2009. 
 
TRANSECTS 

    
Month L0 n0 L0/n0 

Estimated number of kilometers 
required for distance sampling 

July 16 27 0.59 177 
August-September 32 201 0.15 45 
November 32 32 1.00 300 
Average across all months 80 260 0.30 92 

     POINT COUNTS 

    
Month k0 n0 k0/n0 

Estimated number of points 
required for distance sampling 

July 48 28 1.71 513 
August-September 96 115 0.83 249 
November 96 29 3.31 993 
Average across all months 240 172 1.39 419 
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Table 17. Number and proportion of minutes spent by radio tagged Clark‘s nutcrackers within 100 m (visual detection distance), 200 
m (auditory detection distance), and 500 m of survey routes while surveys were being conducted.   

Site Survey period Bird ID 

Number (proportion) 
of minutes spent 

within 100 m 

Number (proportion) 
of minutes spent 

within 200 m 

Number (proportion) 
of minutes within 

500 m 

Number of total 
minutes tracked 
during surveys 

Cleman 1 (July) 211 0 5 (0.07) 12 (0.18) 67 

 2 (Aug.-Sept.) 211 0 0 0 16 

 3 (October) 211 0 0 0 56 

       Cash Prairie 1 (July) 043 50 (0.75) 67 (1.00) 67 (1.00) 67 

 2 (Aug.-Sept.) 043 0 4 (0.27) 15 (1.00) 15 

 3 (October) 043 0 0 25 (0.20) 128 

 1 (July) 893 14 (0.35) 20 (0.50) 40 (1.00) 40 

 2 (Aug.-Sept.) 893 7 (0.14) 17 (0.35) 49 (1.00) 49 

 3 (October) 893 0 25 (0.71) 35 (1.00) 35 
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Table 18. Whitebark pine cone production estimates and white pine blister rust infection at seven 
survey sites in the Olympic and Cascade Mountains, Washington, 2007 and 2009. 

Site Year Cones/ha ln(cones/ha)2 Site-level average blister 
rust infectiona 

Cash Prairie 2007 123 23 no data 
 2009 101 21 
Cleman 2007 0 0 0 
 2009 0 0 
Clover Spring 2007 2070 58 18.2 
 2009 2676 62 
Darland 2007 4584 

 

71 16.2 
 2009 3434 66 
Marmot Pass 2007 1272 51 19.6 
 2009 329 34 
Timberwolf 2007 1309 52 26.3 
 2009 1003 48 
Upper Nile 2007 849 45 55.7 
 2009 552 40 

a Estimates of blister rust infection are percent of trees with some sign of infection and data are from Shoal and 
Aubry (2004) for Clover Spring, Marmot Pass, Timberwolf, and Upper Nile. 
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Figure 1. Location of Cascade Study Area (right) and Olympic Study Area (bottom left) in Washington State, and locations of Clark‘s 
nutcracker trap sites (2006–2009) and survey routes (2007 and 2009). 
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Figure 2. Examples of habitat types within the Olympic Study Area. 
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Figure 3. Examples of habitat types within the Cascade Study Area. 
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Figure 4. A Clark‘s nutcracker visiting a feeding station (top) and two nutcrackers trapped in 
mist nets at a feeding station (bottom) at sites in the Cascade Range, Washington. 
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Figure 5. A Clark‘s nutcracker being fitted with a radio tag (top) (nutcrackers were hooded while 
being processed to reduce stress) and prior to release (bottom), showing the placement of the 
radio tag on the back of the nutcracker. 
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Figure 6. Examples of Clark‘s nutcracker foraging behavior in autumn: nutcracker 893 
harvesting ponderosa pine seeds (top) and nutcracker 781 transporting ponderosa pine seeds 
between a seed harvest stand and his home range (bottom) (note that nutcracker 781 has a 
distended sublingual pouch because he is transporting multiple seeds). 
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Figure 7. Examples of Clark‘s nutcracker foraging behavior in summer: nutcracker 332 
searching for spruce bud worm larvae in a grand fir (top) and nutcracker 345 skimming meadow 
grasses to flush grasshoppers (bottom). 
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Figure 8. Seed transport flights of four resident Clark‘s nutcrackers harvesting and caching 
ponderosa pine seeds.  Polygons represent minimum convex polygons of summer points for the 
four nutcrackers (clockwise and starting at the easternmost home range, nutcrackers 505, 893, 
332, and 312).  Hollow circles represent seed harvest events and solid circles represent seed 
caching events.  Arrows indicate direction of seed transport from seed harvest stands to home 
ranges.  Seed harvest stands occurred between 649–792 m elevation and home ranges between 
1220–1859 m elevation.  Nutcrackers 332 and 312 transported seeds over ridges of 1780 m to 
2000 m elevation when traveling between harvest trees and cache sites.   
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Figure 9. Typical sites used for above- and below-ground caches: Clark‘s nutcracker 312 placing 
ponderosa pine seeds in an above-ground cache site in a mixed high-elevation forest type within 
his home range (30.2 km from the seed harvest tree) (top) and Clark‘s nutcracker 632 placing 
ponderosa pine seeds in a below-ground cache site in a ponderosa pine forest type in his home 
range (4.3 km from the seed harvest tree) (bottom). 
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Figure 10. Map of the Cash Prairie site in the Cascade Range, Washington, showing placement 
of above- and below-ground caches (above), and photo of the area depicted in the map (below).  
Caches were placed by resident Clark‘s nutcrackers 043, 719, 746, and 893 during the autumns 
of 2006, 2007, and 2008.  Note that most above-ground caches were placed at high elevations 
and on north-facing slopes whereas most below-ground caches were placed at low elevations and 
on south-facing slopes. 
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Figure 11. Selection of patches of different size and type by seed-caching Clark‘s nutcrackers in 
the Cascade Range, Washington, from 2006 through 2009.  Selection score represents the mean 
difference in ranks between used and available patch types within home ranges.  Negative scores 
represent selection and positive scores represent avoidance of different patch types. 
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Figure 12. Mean predicted probability that a microsite was selected for a below-ground seed 
cache by Clark‘s nutcrackers in the Cascade Range, Washington, 2006–2009.  Probability is 
plotted as a function of mean percentage understory cover within a 1-m radius circle centered on 
the cache site at four distances (1 m, 5 m, 10 m, and 20 m) from a tree that could be used by a 
nutcracker for cover from predators (see text for an in-depth description of parameters). 
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Figure 13. An untagged Clark‘s nutcracker brooding nestlings at the Ahtanum site (top) and set-
up of the digital video recorder at the nest for nutcracker 211 at the Cleman site (bottom) (nest 
site is concealed by foliage in the photo but location is indicated by the arrow). 
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Figure 14. Comparison of mean number of Clark‘s nutcrackers detected on standard compared to 
playback point count surveys for early, mid-, and late-season visits during surveys conducted in 
the Olympic and Cascade Mountains, Washington, in 2007 and 2009.   
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Figure 15. Proportion of all telemetry points that occurred within 1 km of four major survey routes in the Olympic and Cascade 
Mountains, Washington, for all radio tagged Clark‘s nutcrackers captured in 2007 and 2008.  
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Figure 16. Simple linear regression of Clark‘s nutcracker abundance (survey periods combined) and transformed whitebark pine cone 
production (ln(number of cones per hectare)2) for 14 year–site combinations in the Olympic and Cascade Mountains, Washington, 
2007 and 2009. 
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Figure 17. Simple linear and curvilinear regression of number of Clark‘s nutcrackers observed as a function of minutes survey time 
and the natural log of minutes survey time on six survey routes in the Olympic and Cascade Mountains, Washington, in 2007.  The 
dashed line indicates time interval when nutcracker presence was recorded at all sites.   
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