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OBJECTIVE 1: Develop a grizzly bear den habitat selection model that can be applied at
the landscape level to remote sensing imagery to predict high, medium, and low
probability denning habitat.

JOB/ACTIVITY 1A: Develop a grizzly bear den habitat selection model.

Problems with the scale of available Digital Elevation Models (DEM) continue to thwart
our objective to develop a habitat selection model and map. We obtained a DTM derived
from the National Elevation Dataset (NED) 1/3 arc-second imagery that had been
upgraded by incorporating Interferometric Synthetic Aperture Radar (IfSAR) imagery of
the North Slope. Horizontal resolution of this imagery was ca. 10 m; however, vertical
resolution was +7 m. This limited its usefulness because this magnitude of elevation error
on the Coastal Plain of the North Slope could make the difference between well-drained
and wetland habitat (i.e., suitable versus unsuitable denning habitat). We compared slope
and aspect measured at 120 dens encompassed by the coverage with slope and aspect
derived from the DEM. Resolution scale errors were apparent. In some cases, aspect
differed by 180° between the den and the map. Clearly, mapping at a finer scale will be
necessary to accurately delineate suitable denning habitat. We are awaiting public release
of Alaska Statewide Mapping Initiative DTM’s for the study area which were acquired
from orthoimagery at 2.5 m resolution, but they have yet to become available.
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We recently investigated another technique to collect digital orthoimagery at a meter to
sub-meter scale. The technique was developed by Dr. Matthew Nolan of the University
of Alaska Fairbanks and involves collection of digital imagery acquired by 2 digital
cameras mounted in a small fixed-wing aircraft flown on a survey grid at relatively low
altitude. We contracted with Dr. Nolan to acquire the imagery and process it for a Digital
Elevation Model. He acquired the imagery on a selected section of the study area
encompassing the lower Kachemach and Miluveach rivers where there are 9 dens on
which we have collected data. There are no results to report because he is completing the
conversion to the DEM. Funding for the contract was through federal aid.

We are also preparing a cooperative agreement with Repsol Exploration & Production,
USA, for access to a DEM for the same small section as above. Their DEM was
generated from LiDAR data acquired for areas in which Repsol has an interest and that
overlap our study area. This will allow us to use the imagery to test another potential
method to investigate the availability of denning habitat.

Although we have no DEM at a scale for us to generate a habitat availability map, we
have analyzed data on den use. We focused on slope and aspect because our experience
suggested that these influence location of snowdrifts which grizzly bears require for
insulation over their dens. Although analysis for slope is fairly straightforward, analysis
of aspect required use of circular statistics. We analyzed for differences in sex, females
with offspring, age, den year, and feeding type (food conditioned vs. natural food). Mean
aspect was 212° and 80% of den aspects were between 120° and 288°. There were no
differences among any of the parameters. We analyzed slope for the same parameters.
Mean slope varied from 22° to 25° for all sex and offspring classes, but there were no
statistically significant differences. Eighty percent of dens fell on slopes between 13° and
36°. There does appear to be a trend toward flatter slopes over time. We will investigate
potential reasons for this. We will also investigate the effects of feeding type on distance
of dens from permanent oil field activities. We have noticed that only food-conditioned
bears have denned within the active oil fields, suggesting that their habituation to human
activity may allow them to exploit denning habitat that bears feeding on natural food only
may avoid for denning. Consequently, den site selection for natural food bears may differ
slightly from that of food-conditioned bears.

JoB/ACTIVITY 1B: Collect data on habitat characteristics of radiomarked bears, and field
verify areas of high, medium and low probability denning habitat based on the predictive
model generated in job 1a.

Due to reduced funding from the National Fish and Wildlife Foundation (NFWF) and
poor weather we restricted our fall 2013 den location radiotracking flights to the
immediate oil field area. We located 11 dens of radiomarked bears by interpretation of
their radio signals. All or a portion of these dens will be inspected in FY15. Interestingly,
2 of those dens were located within 800 m of proposed industrial winter activities that
could have potentially disturbed the denning bears and been in violation of permit
stipulations on those projects. Therefore, we worked with industry to accommodate their
schedule and work needs without subjecting the bears to undue disturbance.
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In FY14 we inspected 3 dens of radiomarked bears from den year 2012-2013 (FY13).
These dens had been included as part of the den detection project (see job 1c) because
they were within feasible distance to run the scent dog without contracting with
over-snow vehicles. Data on habitat characteristics of these dens will be added to update
the den habitat model in job 1a.

No progress was made on field verification of the den habitat selection model pending
release of the higher resolution DEM (see job 1a).

JoB/AcTIVITY 1c: Evaluate the efficacy of den detection methods (e.g., hand-held and
airborne Forward Looking infrared “FLIR” imagers, trained scent dogs).

Operational funding for this job was through the NFWF which ended summer 2013. In
FY14 we inspected 3 dens originally detected by Karelian Bear Dogs in March 2013. All
3 dens were confirmed positives, and the alerts were within 7 m of the den entrance.
Results from this job were included in the final report to NFWF.

JoB/AcTIvITY 1D: Construct and instrument an artificial den to test the accuracy of FLIR
under varying snow conditions.

Operational funding for this job had been through a grant from NFWF, and this funding
was reduced for FY14. Therefore, we did not perform any work under this job. Results
from this job were included in the final report to NFWF.

OBJECTIVE 2: Investigate the response of bears feeding on naturally-available foods to
the removal of food-conditioned bears.

JOB/ACTIVITY 2A: Capture bears and replace radio collars.

In summer 2013 we recaptured 11 radiomarked bears and replaced their VHF radio
collars. We flew 3 radiotracking flights and relocated up to 35 bears on each flight. A
previously identified and long-time food-conditioned female continued to periodically
use anthropogenic food available in Deadhorse and at the North Slope Borough landfill.
Her daughter, who had been feeding on exclusively natural foods in the Kuparuk-Alpine
oilfield area for the previous 7 years, moved into the Prudhoe Bay area and fed in the
landfill during summer 2013.

JoB/AcTIVITY 2B: Analyze grizzly bear DNA specimens for individual relationships.

Operational funding for this job was from NFWF, and that funding ended in FY13. We
did not continue to collect hair from barbed wire traps located on oil field power poles.
Results from previous years were reported in the NFWF final report. In general,
degradation of samples resulted in no new bears being identified. Wildlife Genetics
International suggested that the DNA was denatured because ultraviolet light from
continuous daylight on the North Slope in combination with the long delay between
sample collections (e.g., 2-3 weeks) allowed UV to degrade the DNA. In addition, some
of the samples were contaminated by creosote on the power poles.
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Because we already had genetic data from the bears we recaptured in summer 2013, we
did not collect any further samples from them. However, in our ongoing attempt to
identify the fate of noncollared offspring of oil field bears, we continued to collect
genetic samples from bears killed by hunters adjacent to the oil fields. These samples will
be submitted for analysis in winter 2014-2015.

JoB/AcTIVITY 2C: Analyze grizzly bear tissue for stable isotopes.

We collected hair and blood samples from the bears we captured and from bears that
were killed by hunters. Those samples were processed by the University of Alaska
Fairbanks-Stable Isotope Facility. Although several of the previously identified
food-conditioned bears continued to have isotope signatures consistent with an
anthropogenic food diet, none of the hunter-killed bears or other radiocollared bears had
an isotope signal derived from anthropogenic food.

OBJECTIVE 3: Prepare annual and final progress reports, interim and final technical
reports, and give presentations at scientific forums.

JOB/ACTIVITY 3: Data analysis and reporting.

Data analysis was ongoing.

SIGNIFICANT DEVIATIONS AND/OR ADDITIONAL FEDERAL AID-FUNDED
WORK NOT DESCRIBED ABOVE THAT WAS ACCOMPLISHED ON THIS
PROJECT DURING THIS SEGMENT PERIOD

None.

PUBLICATIONS
A copy of the final report (pdf) to NFWF was submitted along with this annual report.

e BENTZEN, T.W., R. T. SHIDELER, AND T. M. O’HARA. 2014. Use of stable isotope
analysis to identify food-conditioned grizzly bears on Alaska's North Slope. Ursus
25(1):14-23.

e A manuscript entitled “Effects of food-conditioning on grizzly bears in the North
Slope oil fields, Alaska” was previously submitted to the journal Ursus and
returned with suggested revisions. The original submittal included data through
2004 only. Therefore, the analysis and manuscript is being updated with
additional data collected through 2012 and will be resubmitted in FY15 to Ursus.

e | coauthored a poster for the American Geophysical Union annual meeting:
JONES, B. M., G. M. DURNER, J. STOKE, R. T. SHIDELER, C. J. PERHAM, AND
G. LisTON. 2014. Remote identification of potential polar bear maternal denning
habitat in northern Alaska using airborne LiDAR. American Geophysical Union
Annual Meeting, 9-13 September 2013, San Francisco, California.
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V.

RECOMMENDATIONS FOR THIS PROJECT

Operational funding for this project had been provided by a grant from NFWF that
expired at the end of December 2013. Funding for orthographic mapping and analysis
was by federal aid. The following recommendations apply to future research and
monitoring:

1. Maintain a sample of ca. 30 radiomarked bears within the oil field region and monitor
demographic characteristics, oil field use, and den locations.

2. Conduct radiotracking surveys of dens within the oil-field region and provide
locations to industry to meet their permitting requirements to avoid occupied dens.
Upon completion of a den habitat suitability map, ground-truth locations to evaluate
the precision of the map.

3. Once an accurate den habitat map becomes available, identify areas that may be
affected by industry winter activities and apply a feasible detection method to identify
active dens.

4. Continue to collect and analyze genetic data from newly captured bears, from hair
collected at snares around the oil field, and from hunter harvest or department bear
control projects.

5. Instrument the artificial den and survey with the handheld IR imager to evaluate the
effects of weather (e.g., wind velocity, temperature differential between surface and
den) and snow conditions (e.g., depth, density, presence/absence of ice layers) that
may affect the IR signal. Investigate the possibility of converting this to a graduate
level project at UAF.

6. Continue to conduct handheld IR imager surveys of dens within reasonable access of
the oil field permanent or ice road system until there is sufficient data to evaluate
feasibility of this method under a variety of weather (e.g., surface wind velocity) and
snow (e.g., depth, density, presence/absence of ice layers) conditions using the
artificial den(s) as subjects. Investigate the possibility of converting this project into a
graduate level project at UAF.

7. Continue to evaluate the feasibility of using dogs to detect denning bears, especially
focusing on the weather and snow conditions (e.g., snow depth, snow density,
presence of ice layers) when dogs fail to locate the den or require an unacceptably
long time (e.g., >0.5 hr) to detect the den.

8. Investigate the efficacy of employing new technologies such as FLIR-equipped
Unmanned Aerial Vehicles (“drones”) perhaps in concert with a UAF graduate
project.

9. Expand the geographical scope to areas such as northeastern NPR-A where there has
been reduced effort, and where industry is actively exploring and developing.
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The coastal region of the North Slope of the Brooks Range, Alaska,
between the Canning River and Teshekpuk Lake.

Evaluate grizzly bear den detection methods, identify and map denning
habitat, and study effects of food-conditioning in Arctic Alaska. Project
will aid industry in reducing disturbance to active dens.

In 2010-11 38 bears, including 1 new to the study and 37 that had
previously been marked, were radio-tracked for a total of 286 locations
including den sites. Circumstantial evidence suggests that the new bear
had been living within the eastern portion of the oilfield prior to her
capture and had become food-conditioned which indicates that
attractants management in the oilfield region was less than desirable.
Attribute information from new dens, combined with data from previous
dens, indicates that slope and aspect are important predictors of den
locations; however, evidence that bears select sites based on these
attributes has yet to be confirmed. We have been frustrated by the
continued lack of an available digital map (e.g., from a Digital Elevation
Model) at a scale that will meet the goal of mapping probabilistic den
habitat for use in oilfield planning and winter operation. Proof-of-
concept testing of methods to detect dens continued in 2010-11. We
completed both airborne and hand-held Forward Looking Infrared
(FLIR) surveys and a scent dog survey in winter 2010-11, and in
summer 2011 we inspected sites selected for the test. We continued
genetic testing of hair and tissue samples from captured and other bears.

. Food-conditioning: Although there are a few (likely 4)
individuals that are still food-conditioned, especially those that have
access to the North Slope Landfill and unsecured garbage in Deadhorse,
these appear to be related to existing food-conditioned individuals. This
suggests that current garbage management practices are not attracting a
large number of bears from great distances. However, increased oil and
gas activity is predicted for this area. Genetic and stable isotope
monitoring should continue in order to identify those that are not
currently marked.

. Den detection: Evaluation of the three detection methods was
incomplete. However, we have added considerably to knowledge about
what will be required for successful implementation of both airborne
and handheld infrared imaging, and the use of dogs to detect dens. We
have demonstrated that both types of IR imagers can detect grizzly bear
dens; however, low sample sizes have frustrated our ability to identify
limiting factors that prevent accurate detection. In particular, airborne
FLIR has great potential if the operational constraints such as
availability, compatibility of components, and cost can be reduced. The
optimal situation would be an aerial vehicle that is matched to the proper
FLIR unit, permanently residing in the oilfield during winter so that it
can take advantage of short periods of suitable weather, and not cost-
prohibitive. Such a system does not exist at this time, but Remotely
Operated A
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Conservation Activities
Progress Measures
Value at Grant Completion

Identify denning habitat
Other (Proportion of study area with habitat identified)
50

Conservation Activities
Progress Measures
Value at Grant Completion

Evaluate feasible detection methods
Other (Methods described and ranked)
40

Conservation Activities
Progress Measures
Value at Grant Completion

Evaluate methods to reduce anthropogenic attractants
Other (Methods described and ranked)
10
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Final Programmatic Report Narrative

1. Summary of Accomplishments

In four to five sentences, provide a brief summary of the project’s key accomplishments and outcomes that were
observed or measured.

Between 2012 and 2013 we re-captured 17 females and 10 males to maintain our radio-collared sample of ~30-
35 individuals. During the same period we obtained 162 and 98 radio-locations, respectively of ~30-35
individuals. We continued proof-of-concept testing of 3 methods to detect grizzly bear dens: airborne Forward-
Looking Infrared (FLIR) and handheld Infrared (IR) imagers, and trained scent dogs. We were able to test only
3 dens with the airborne FLIR but were successful on 2 demonstrating that airborne FLIR is potentially useful
for detecting grizzly bear dens but our sample size was too small to identify optimal as well as inadequate
conditions for its use. Of the 3 methods tested, dogs had the highest rate of success (100%). We populated a
Digital Elevation Map (DEM) derived from a combination of National Elevation Dataset (NED) and
Interferometric Synthetic Aperture Radar (IfSAR) with 199 den locations we had inspected as of 2013. As in
2010-2011 we were frustrated by the lack of correlation between the slope and aspect values collected at the
dens and values on the DEM, and suspect that the DEM scale was insufficient to identify the microscale sites
that bears use for dens. We continued collection of genetic samples from captured animals and from hair snares
on power poles and other locations and submitted these for genetic analysis.

2. Project Activities & Outcomes

Project 28137 was primarily a continuation of Project 22110 in the same study area (Fig. 1). Funding for
Project 28137 was reduced by ~50%, requiring elimination of some activities and modification of others. These
are identified in the Outcomes section. There was carryover funding for activities in 2013 which are also
identified in the appropriate sections.

Activities
Describe and quantify (using the approved metrics referenced in your grant agreement) the primary activities
conducted during this grant.

We continued activities associated with the major components of the study: (1) radio-tracking and visual
observation of bears to obtain locations of use (including the oilfield), associations among bears, offspring
production and survival, and den locations; (2) sample collection for DNA and stable isotope analysis; (3)
proof-of-concept testing of den detection techniques and a Probability of Detection (POD); (4) development of
a den habitat model; and (5) production of a probabilistic map of den habitat for industry and agency use.

e Captures: In 2012 and 2013 we recaptured 17 females and 8 males and replaced collars, collected
specimens, and took measurements. This allowed us to maintain a radio-collared sample of 32-37
bears/year. At least five additional bears were observed in the oilfields, including one that appeared to be a
food-conditioned subadult. Unfortunately, due to limited aircraft time and poor weather during the period
we were unable to search for unmarked animals during the 2012 and 2013 capture sessions.

e Radio-tracking Surveys: In 2012 we flew 7 radio-tracking flights and obtained 162 locations, 154 of which
were marked bears and 8 were unmarked. In 2013 we flew only 4 surveys and obtained 98 locations.

1
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Ninety-five of these locations were of 28 marked bears, 1 was an un-collared adult male with one
identifiable ear tag, and 2 were unmarked subadults. In April 2013, 2 radio-collared bears were killed as
part of a muskox predator control program. Between June 2 and June 22, 2013, a marked female with 2
yearlings died of unknown causes. Also in 2013 a 37 year old female that had been in the study since 1994
shed her collar and was not observed again. Prior to den emergence 2013 a 24 year old female that had been
in the study since 1995 either died or shed her collar. On the June 2 flight her collar was transmitting from
her den and we assumed she had either died, shed her collar, or possibly was resting in the den. However,
in September when we had a helicopter available we went to retrieve the collar but it was transmitting under
a recently deposited gravel bar in the river. Her fate is unknown but we assume she is dead.

Confirmation of QOilfield Use: To supplement aerial radio-tracking observations in the oilfields we
established a formal system for reporting bears observed from the ground by industry security and
environmental personnel. Reports from security officers were especially useful because they consistently
patrolled the entire oilfield road system 24 hrs/day. Although each radio-collared bear was ear-tagged with
a color combination unique to that individual, visibility and sight distances did not always allow the
observer to identify individual bears. Therefore, many of the observations from oilfield personnel were
duplicative with either our observations of radio-collared bears or were the same unknown individuals
sighted multiple times. Nevertheless, the observations were instructive in that they documented locations of
bears in the oilfields and in several cases confirmed presence of bears that were not in the radio-collared
sample.

o Observations from aerial and ground radio-tracking: In 2012 there were at least 3 radio-collared
females with 7 two year olds among them, 2 radio-collared females with 4 cubs between them, and 1
radio-collared female without offspring, whose home range included at least part of the oilfields.
Four radio-collared adult males also used all or part of the oilfields. During radio-tracking surveys
we observed several unmarked bears in the oilfields. Two of the radio-collared females with
offspring were considered food-conditioned because they frequently fed on anthropogenic food in
Deadhorse, around facilities in the eastern oilfields, or at the landfill. One of these, female #147,
shed her collar in early July 2012 but was subsequently observed frequently by oilfield personnel.

In 2013, 4 radio-collared females with 7 cubs among them, one radio-marked female with 3
yearlings, and 2 independent cubs used the oilfields. Three radio-marked adult males inhabited parts
of the oilfield. Female #147 and her yearling were observed in and around Deadhorse and the
landfill in 2013, occasionally accompanied by another unmarked subadult that was not her offspring.
In 2013 at least 2 radio-collared females (#006 and #023) and their offspring, as well as 2 unmarked
independent subadults, were considered food-conditioned because they were observed frequently
around Deadhorse, facilities in the eastern oilfields, and the landfill. The aforementioned bear
#147was also considered food-conditioned. Females #006 and #147 have been food-conditioned
most of their life. However, female #023 had been food-conditioned early in her life but had spent
the last 7 years solely on natural food. We cannot explain why she reverted to human food after
such a long time, but perhaps 2013 was a particularly poor year for natural food. Her return to
Deadhorse and the landfill meant that she and her 3 yearlings moved at least 50km from her
previously occupied home range.

o Ground visual observations: In 2012 the earliest report was on May 10 of 2 unmarked subadults
travelling together in the Kuparuk oilfield. They were frequently observed from early to mid- June.
Subsequently there were >200 observations of marked and presumed unmarked bears throughout the
oilfields until the last observation on November 13.

In 2013, the earliest report was on April 30 of an unmarked subadult in the Sagavanirktok River
delta. During the first week of May, 2 unmarked subadults were observed together around the Point
Thomson ice road between Deadhorse and the Badami development Fig. 1). Subsequently there
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were >250 observations around the oilfields. In November, 2 unaccompanied cubs of the year,
apparently siblings, appeared in the eastern portion of the oilfield, eventually residing in the landfill
and presumably denning in or near it.

o Stable isotope analysis to detect food-conditioned bears: We have shown previously that bears
feeding primarily on anthropogenic foods and bears feeding primarily on natural foods can be
differentiated from each other by analysis of ratios of stable isotopes §*°C and §'°N. Therefore, to
supplement our ground and radio-tracking observations, we collected hair and blood samples from
captured bears and hair samples from bears Killed by hunters in or near the study area from spring
2011 to spring 2012. Thirty-nine samples of hair and 30 of whole blood were collected during
captures in 2011 and 2012, and 6 samples of hair were collected from harvested bears. Thirteen
samples of hair and 10 of red blood cells (RBCs) from radio-collared bears and 6 hair samples from
harvested bears that resided in or near the oilfields were analyzed by the University of Alaska-
Fairbanks Stable Isotope Facility. We compared results from this analysis with those from a
manuscript recently accepted for publication in the journal Ursus (Bentzen, T.W., R.T. Shideler, and
T. O ’Hara. 2014. Use of stable isotope analysis to identify food conditioned grizzly bears on
Alaska’s North Slope. Ursus XX). For the radio-collared bear sample, means for 2011-2012 hair and
RBC §"°N were 5.1 and 5.2 ppt, respectively. Means for §'*C for hair and RBC were -23.3 and -
24.9 ppt, respectively. For the harvested bears, means for 2012-13 hair were 4.9 ppt for §"°N and -
23.4 ppt for §°C. These values are within the ranges of values we had found for bears feeding
solely on natural foods. None of the samples collected in 2011-2012 fell within the range of values
for food-conditioned bears. However, bear #147 was observed feeding in the landfill prior to her
initial capture in October 2011. Contrary to expectations, her hair and RBC isotope values fell
within the values for bears feeding on natural foods only. We can explain the discrepancy in the
values for hair because depending upon the stage of hair growth the values can reflect diets over a
period of months or even the entire year. Therefore, the isotope values in her hair could have
reflected a long period of feeding on natural foods prior to her feeding at areas with human food.
However, the RBC values should have reflected her recent feeding on anthropogenic sources.
Possibly she had been feeding primarily on natural foods for a few weeks prior to feeding in the
landfill and her RBC values were dominated by the natural food isotopic signatures. Nevertheless,
with the exceptions of bear #147, results from the isotope analysis indicate that no recently captured
bears had become newly food-conditioned in 2011-2012.

Genetic analysis for individual relationships: As described in the report for Project 22110, we collected
hair samples at dens, conflict sites, and power pole hair traps around the oilfields as well as skin and hair
from captured bears. We also collected tissue samples from bears killed in the region by hunters and a
muskox predator control program. We submitted 51 samples to Wildlife Genetics International (WGI),
Nelson, B.C., Canada, for analysis to confirm individual identification (genetic “fingerprinting”), gender,
and relatedness. Results were not available by the close of the previous grant period and are reported here.
Genetic samples from this project were also provided to the U.S. Geological Survey (USGS) Alaska Science
Center genetics lab for a study to identify the timing of divergence of polar bears from their grizzly bear
ancestors and to identify a putative grizzly bear/polar bear hybrid.

o Captured animals: We submitted samples from 13 newly (2009-2011) captured bears and one
previously captured bear. WGI confirmed that 8 of these had one or both parents among the
previously marked bears, and that 2 of the adult females were likely siblings. Identification of
offspring born to previously captured females was especially useful because the fate of weaned
offspring is an important component in modeling the demographics of the bears in the oilfield
region. As a result of DNA “fingerprinting” we also discovered that a large adult male we captured
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as “new” in 2010 was, in fact, previously captured in 2004. He had shed his collar in 2005 and his
fate had been unknown. He was killed in 2013 in the muskox predator control program.

Harvested bears: All grizzly bears killed by hunters in the Game Management Unit encompassing
the study area were required to have the hide and skull of the bear inspected at an Alaska
Department of Fish & Game (ADFG) or state wildlife enforcement office, or by an approved
taxidermist. We requested that ADFG offices inspecting bears harvested in our area collect a small
hide sample for DNA analysis. Of the 20 samples from bears either harvested or killed as part of a
muskox predator control program, DNA was successfully extracted from 18. Two samples were too
degraded for successful extraction. Genotypes from 7 of the 18 indicated they were bears that had
been previously captured in the study area but had shed their radio collars and would not have been
confirmed without genetic analysis. Relationship analysis confirmed that 2 more bears had one or
more parents in the study area. The gender of one bear had been listed as “unknown” on the
inspection form. It had no genetic match in the study population but its sex was confirmed
genetically and corrected in the database. The genders of 2 other bears had been incorrectly listed on
the forms and were corrected by DNA analysis.

Power pole hair traps: We had established barbed wire hair traps on 14 power poles around the
oilfield. We wrapped barbed wire around the polar 1.5m above the ground and baited it lightly with
a combination of commercial salmon oil and various commercial trap scents. The intent was to
attract bears that were already in the immediate area but not draw bears from far away. From June-
October 2010 and 2011 we collected 11 hair samples from 6 poles over 85 sample periods. DNA
could not be extracted from any of the samples. In most cases, weathering and degradation of the
sample appeared to have denatured the DNA. In 4 samples, the creosote from the pole interfered
with the analysis, and 3 had inadequate amount of follicles. It is likely that there was too long an
interval between collection periods for arctic tundra areas where solar insolation due to long day
length and lack of shade can denature the DNA and render the hair brittle (D. Paetkau, Wildlife
Genetics International, pers. com., 9 May 2013). In addition, we suspected that exposure to frequent
and strong winds on the Arctic Coastal Plain fractured hair strands already brittle from exposure to
sunlight. This convinced us that were actually blowing some of the more friable samples away. We
continued the power pole hair trap experiment in 2012 and were able to collect 9 samples from 4
poles over 32 sample periods. From 2010 to 2012, only 6 sites appeared to attract bears, and 2 of
these were responsible for multiple collections. Although success in obtaining samples was slightly
better in 2012, continuation of this technique will require modifications to make it more efficient.
We will submit the 2012 samples for analysis when funding becomes available.

Other sources: We collected hair near 3 bear dens but all samples were too degraded to extract
sufficient DNA. In fall 2011 we collected hair where a bear had rubbed on an old pipe at an
abandoned drill site. A few hours later we biopsy-darted a subadult grizzly bear in the vicinity and
secured a skin sample. Although there was no match with existing bears in the study, the 2 samples
were duplicates, indicating that the same young bear we darted had rubbed on the pipe. We
collected hair from a vehicle that had been broken into by a family group, but the hair was too
weathered for successful identification. We collected hair at a carcass of a subadult bear presumably
killed by one of our collared males but that sample was too degraded as well.

Putative polar bear hybrid: In early summer 2013 USGS personnel working in National Petroleum
Reserve-Alaska (NPR-A) (Fig. 1) reported a light-colored female grizzly bear with 3 very light
(almost white) yearlings. Their report fostered speculation that these were grizzly bear-polar bear
hybrids. Upon further investigation we confirmed that the female was bear #117 from our study. We
collected genetic samples from her and 2 of her 3 offspring and sent those to the USGS-Alaska
Science Center genetics laboratory to analyze for hybrids. We also sent blood and tissue samples
from an additional 30 bears whose home ranges overlapped polar bear habitat along the Beaufort Sea
coast. These are to be used for deep genomic sequencing to detect when polar bears diverged from
their grizzly bear ancestors. Results from those analyses should be available in summer 2014.
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Proof-of-Concept: Methods to Detect Grizzly Bear Dens: Much of industry exploration and construction
activity off the permanent road system occurs in winter, when grizzly bears are in dens. Avoidance of these
dens by industry activities is not only a human safety and wildlife impacts issue but also is required by state
and federal permit stipulations. However, compliance with these stipulations requires foreknowledge of the
den location. As described in the report for Project #22110, we have been evaluating 3 methods to detect
bears in their dens that were not dependent on fall radio-racking surveys. The reasons were threefold: (1)
not all bears in the oilfield region are radio-collared; (2) there is no guarantee that ADFG will continue
capturing and radio-marking bears in the oilfield region; and (3) in any given year, stochastic effects such as
weather and funding can affect the success of the fall den surveys by ADFG. Therefore, a method (or
methods) by which industry and agencies can detect dens without radio-telemetry is desirable for the long
term and estimation of a Probability of Detection (POD) would allow assessing the success of these
methods.

o Location of radio-collared bear dens: During fall 2011 and fall 2012 we located dens of 42 radio-
collared bears. We inspected 13 dens, 3 of which had been tested with airborne FLIR, 7 of which
had been tested with the handheld IR camera, and 9 of which had been tested with scent dogs.

o Airborne Forward-Looking Infrared (FLIR) evaluation: Airborne FLIR was first used
experimentally to detect polar bear dens in 2000 (York et al. 2004). With FLIR, detection of the den
requires sufficient contrast between IR radiation emanating from the den and the background solar
radiation reflecting from adjacent surfaces or residual heat from recent snowfall or diurnal solar
insolation. Ground and snow surface anomalies (e.g., buried drums, lumps of slumped tundra) can
create “hotspots” that could be mistaken for a den (i.e., false positives). Image clarity and contrast
are affected by weather characteristics such as moisture in the air (e.g., snow, fog), wind speed, air
temperature-dewpoint temperature difference, and other factors such as time of day (daylight vs.
dark vs. civil twilight) or elapsed time since last snowfall. The optimal survey timing is either
before sunrise or sufficiently long after sunset to allow the ground surface to cool. Capricious
weather and obscuration of ground reference by accumulated snow made helicopter flight crews
reluctant to fly surveys during darkness even if the ship is IFR-equipped. However, flight crews
were more willing to operate during civil twilight if there was good ground visibility. To optimize
survey timing, we calculated the extent of civil twilight during the 2011-2012 denning period from
data available from the U.S. Naval Observatory. Civil twilight was maximum (ca. 5-6 continuous
hours) during the weeks of 26 November and 15 January. After 16 January, daylight gradually
increases at mid-day so that by 28 February continuous civil twilight is <1 hr/day. As day length
increases, contrast between the den and background IR radiation decreases substantially because
residual “warming” from solar radiation creates a mottled surface that can obscure the den’s IR
signature. This condition can wash out low-intensity hotspots which become more easily
misinterpreted or overlooked altogether.

Between January 20 and 22, 2012, we flew airborne FLIR surveys with a Star Safire III™ (FLIR
Systems, Inc., Wilsonville, OR, USA) gimbal-mounted on a Bell 412 helicopter. The Safire I1I™
acquired images in the 3-5u wavelength range and could discriminate temperature differences as
small as 0.1°C. The image was displayed in grayscale on a video monitor. We flew to the
approximate locations of the dens identified from the fall radio-tracking survey and began orbiting
the putative locations at 200-250m altitude (Table 1). On January 20 we discovered that the internal
GPS unit and Digital Video Recorder (DVR) connections had malfunctioned. The DVR is important
because potential dens (“hotspots™) are not always visible in real time but can be detected during
post-flight review of the videotape. Nevertheless, we saw the image of den #147-11 on January 20
and acquired a video recording of it on January 21. On January 22, temperatures plummeted to -
38°C, close to the lower operational limit for the helicopter. Although there were visible ice crystals
in the air (which can scatter the IR signal) we surveyed den #023-11 and den #130-11 until
mechanical problems with the helicopter forced us to end the flight. By the next day extremely cold
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temperatures (approaching -50°C) exceeded the temperature limits for the helicopter. Even if the
temperature would have moderated in the near future, increasing wind speed would likely have
prevented acquisition of an acceptable FLIR image. With no improvement in the forecast over the
next several days and with the FLIR contract due to expire, we scrubbed the mission.

Although we acquired a good IR signature at den #147-11 on both flights, ground inspection of the
site in August 2012 indicated that the obvious hotspot we’d assumed was the den was in fact an old
day bed on the dune face. The actual den entrance was located lower on the dune, a few meters from
the hotspot. It is possible that the original hotspot was emitting heat through arctic ground squirrel
tunnels that perforated the den and dune face; however, we could not confirm this. In a post hoc
review of the videotape after our summer den inspections, we identified a small hotspot at the
confirmed den location but it is eclipsed by the more obvious larger hotspot. We had fortuitously
confirmed the hotspot as a true positive because the den was there; however, it was in reality a false
positive. We could detect no hotspot at the coordinates for den #023-11 located during the fall
radio-tracking survey. However, ground-truthing in summer revealed that the coordinates were ca.
100m from the true location. After we discovered the true location of the den a post hoc review of
the videotape revealed a dim but visible IR signature at the true den location. This image could
easily have been missed if we had no prior knowledge that the den was in the area. In contrast, the
image of den #130-11 was one of the brightest we have ever observed, in spite of deteriorating
survey conditions. It would have likely been detected even without foreknowledge of the den
location.

Due to reduced funding for project #28137 and the operational limitations we had encountered with
the 2010-2011 and 2011-2012 missions, we opted to eliminate the aerial FLIR component from
winter 2012-2013. However, we have shown that under suitable conditions grizzly bear dens can be
detected by airborne FLIR. Our sample size was insufficient to identify those conditions, as well
calculating a Probability of Detection. Future research could expand the “search image” for grizzly
bear dens, allow calculation of a POD that would also identify conditions under which we would not
expect to acquire a suitable image (i.e., a POD that does not meet minimum criteria for concluding
that there is no den—a true negative).

Handheld IR imager evaluation: We evaluated the efficacy of detecting dens with IR imagery using
a P660 Thermacam™ handheld infrared imager (FLIR Systems, Inc., Wilsonville, OR, USA). The
P660 detects IR in 7.5- 13 wavelength range and, similar to the FLIR unit above, converts
temperature differences to the visible spectrum. The P660 displays still images on a LCD screen in
shades and color combinations (“palettes”) selected by the user, and can capture still images on
radiometric jpegs for subsequent processing. We analyzed the radiometric jpegs using QuickReport
1.2™ (FLIR Systems, Inc., Wilsonville, OR, USA). QuickReport 1.2™ allows manipulation of the
color palette of the radiometric image to visually enhance temperature differences, and provides a
variety of program tools, including a pixel by pixel analysis of the scene, to compare “hotspots” with
adjacent areas. We accessed remote sites using a tracked vehicle (Hagglunds “Bearcat”™). We
collected weather data and snow depth at the site. We used radio-telemetry to locate the den within
an approximate 10m radius and then proceeded to acquire thermal images at 5, 10, 20, and 40m from
the putative den.

We surveyed 7 dens of radio-collared bears once each from February 5 -10, 2012, and one den on
January 19 and again on February 5, 2012 (Table 1). We were unable to acquire any image at one
den, and could not detect an image at >20m from any den. Den #146-11 was located on a steep bank
of a gully with dense shrubs >3m tall that prevented us from obtaining an image >5m from the den.
On both visits to den #147-11, we detected the same well-defined “hotspot” that we had detected
with the airborne FLIR (Fig. 2). We had initially incorrectly assumed this was a true positive until
ground-truthing in August 2012 (Fig. 3). Consistent with the results from the airborne FLIR, the
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handheld IR image shows a small hotspot at the actual den entrance but it is eclipsed by the much
larger hotspot over the day bed. Sample size for the handheld IR investigation was too small to
identify optimal and inadequate conditions for its use; however, lack of image acquisition at
distance >20m suggest that its utility as a large-scale detection technique are limited and that it might
be more useful in proofing a suspected location.

o Trained scent dogs: We tested the ability of 2 trained Karelian Bear Dogs to find dens by releasing
them singly >=100m downwind from the putative den location and allowing each up to 20 minutes
to find the den and alert on its location. After 20 minutes without an alert we brought them near the
location indicated by the radio signal, and broke the dense snow surface with a series of probe holes.
If they then alerted on a spot we considered that an “assisted” alert. If they did not alert at all we
considered that a miss. In 2012, there were 6 dens tested with either the aerial FLIR, handheld
imager, or both that were within feasible distance of the road system to test the dogs. In February,
2012, each dog independently located all 6 dens. In 2013 we tested 2 dogs on den #006-12 and 1 dog
on dens #023-12 and #130-12. At all 9 dens tested in 2012 and 2013, the dogs detected all dens and
alerted within a mean distance of 3.2m (SD=x1.4m, range 2-5m) from the den entrance. We also
experienced 2 notable examples of the advantages of using dogs during these detection surveys. At
den #007-11 the wind exceeded 54 km/hr and occasionally gusted to ~64 km/hr. Neither dog
appeared fazed by the high wind and blowing snow that created a near whiteout, and both
successfully detected the den (Fig. 4). These conditions would have precluded use of IR-based
imagers. Another example occurred as we were enroute den #023-12 whose location had been
discovered by radio-tracking the previous fall. As we traveled to the putative coordinates of the den,
the dog diverted from our line of travel and ran upwind toward a pingo. Thinking he was
misbehaving | called him back. Subsequently we discovered that the actual den location was in that
pingo, 915m from the original, presumed location. The dog had scented the den at >300m distance
and headed toward it. Because of the large error between the putative and actual den locations it is
possible but unlikely that we would have detected the actual den location using airborne FLIR, and
certain that we would not have detected it with the handheld imager.

o Atrtificial den: In the report for grant # 22110 we described the artificial den at the Kuparuk
Industrial Center pingo we had constructed in October 2010. Here we report results from the
handheld IR imager surveys at that location for winter 2010-2011 as well as surveys at a new
location in 2011-2012 and 2012-2013. On October 7, 2011, we excavated a new artificial den in a
west-facing stream bank near Kuparuk Drillsite 2M. Electricians from Kuparuk Central Processing
Facility 2 hard-wired the electrical cable into the drillsite to ensure a more reliable power supply to
the den heaters. In addition, access to the site was restricted; therefore, there was less likelihood that
the setup would have been interfered with. On October 25, 2012, we excavated a replacement den in
the same location after the 2011-2012 den slumped in summer 2012 (Fig. 5). As explained in the
previous report, we installed internal and external thermistors and a 60-watt heater in the dens. We
attempted images with the FLIR Systems, Inc. P660™ Thermacam hand-held IR imager at intervals
from the den entrance of 1-3 m, 10 m, 20 m, 40 m, and 60 m. We collected on-site snow surface and
air temperatures, and measured snow depth, and wind velocity during each survey. In a few cases we
supplemented weather data from the Kuparuk Airport 20 km away. Although we acquired a few
images in 2011 and 2012, none were at distances >20m, and for several attempts no images were
apparent. Interruptions with the power supply continued to occur. We are attempting to rectify
those for future testing.

e Den Habitat Selection Model: We intended to develop a generalized linear model for den habitat selection
using attributes of the 305 dens of 90 different individuals inspected through 2013. Our selection attributes
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for each den included slope, aspect, ecotype at the den site, geomorphic type, soil type and color,
presence/absence of Arctic ground squirrels, presence/absence of shrubs around the entrance, distance to
human activity, and bear feeding type (i.e., food-conditioned vs feeding on natural food only). Aspect
proved to be an important attribute that characterized den site use. The distribution of den aspect was
significantly non-uniform with a mean of 214.9°T and 213.7°T for non-pingo and pingo dens, respectively.
Statistical comparison of aspect for dens on pingos (n=55), which have 360° aspect available for selection,
and dens on other geomorphic types (n=210) indicated no statistical difference between the two sample
populations. This suggests that bears are selecting aspects at micro-sites non-randomly, and the aspect
corresponds to leeward from the prevailing wind where the deepest snow drifts accrue. Furthermore,
analysis revealed that sex, age, and reproductive status had no biologically significant effect on the aspect at
the den. Slopes at dens were from 10° to 49°, with a mean of 24.7° and a distribution skewed toward the
steeper slopes. The lower limit on slopes is probably related not only to the constructability of the den
(bears have to remove and deposit tailings from the excavation away from the entrance) but also to the
saturation of permafrost soil in the area (shallower slopes do not drain). The upper limit on slopes used by
bears is the potential for the slope to slump, but mid-range slopes would allow easier tailings disposal and
also collect drifting snow well. We characterized the ecotypes around each den using the classification
system of Jorgenson and Heiner (2003). Of the 15 ecotypes found on the Arctic Coastal Plain, bear den
sites were located in only 8. Ninety-five per cent of the sites were in only 4 ecotypes: Upland Dryas Dwarf
Shrub Tundra, Riverine Low Willow Tundra, Upland Moist Sedge-Shrub Tundra, and Riverine Barrens.
These ecotypes were immediately around the den site, often small inclusions within a broader area of
wetland tundra that was unsuitable for den construction.

We originally had identified 2 methods for validation of a den habitat selection model: (1) comparison of
used vs. available by measuring similar attributes at randomly selected points in the study area
approximately equal to the number of dens, and (2) comparison of used vs. available by collecting the same
variables from a suitable digital land cover map that would incorporate slope and aspect (e.g., a Digital
Elevation Map--DEM), 2 attributes that appeared to be very important. Method 1 would have required
considerable helicopter time to collect data on several hundred random locations and would have been
prohibitively expensive. Method 2 required a map of major attributes (e.g. slope, aspect) at a sufficient
resolution to allow direct comparisons between measurements at the den and values from the map. The map
approach had the additional advantage that this same map could be used to generate a map of probabilistic
categories of den habitat—i.e., one of the goals of this project. This is discussed in more detail in the
Habitat Mapping section.

Because, as discussed below, we have been unable to resolve issues of scale with the digital products
currently available, the habitat selection model has reverted to a habitat use model. Once we obtain an
appropriate map we will compare use vs. availability and build the den habitat selection model from that.

Habitat Mapping: In portions of the NPR-A, a DEM based on the NED 1/3 arc-second imagery had been
improved with recent Interferometric Synthetic Aperture Radar (IfSAR) data to obtain a resolution of 10m x
10m cell size. This DEM overlapped a portion of the western study area and encompassed locations of 66
dens that had been inspected since the U.S. Department of Defense removed Selective Availability in 2000.
Therefore, these locations were within a GPS error of <3m of their true location. We compared slope and
aspect values derived from the DEM with slope and aspect data collected at each den. Even with the
improved accuracy and precision over the original NED imagery we found very poor correlation (r=.03)
between the values from the imagery and the measurements at the den. We believe that due to the relatively
flat topography of most of the Arctic Coastal Plain, the averaging method used to define the value for each
10m x 10m cell artificially flattened the topography, thereby reducing the slopes of stream banks and other
vertical topographic features that bears used for denning. However, in several cases there was as much as
180 ° difference in aspect between the values measured at the den and those on the DEM, and >45°
differences were common. These differences are unlikely to be related to the slope errors. Differences of
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this magnitude prevent the map from accurately portraying true denning habitat and from being useful in
preparing a den habitat selection model.

In late 2013, we obtained a preliminary DEM prepared by B. Jones of the USGS-Alaska Research Center
using IfSAR data from a portion of NPR-A which encompassed the western extreme of the study area. We
populated the DEM with locations of 67 dens, some of which overlapped the previous NED/IfSAR DEM.
Correlation between the measurements at the den and the values for each of the 5m x 5m cells was poor.
Furthermore, at 12 of the 67 locations the DEM had slope values =0°, when the slopes at the dens were all
>14°. To improve the correlation between the DEM and measured values we compared 3 mathematical
averaging methods used to obtain a cell value in a DEM. The 3 methods—“4-Cell,” “Sharpnack and
Akins,” and “Horn’s”—all use slightly different algorithms to calculate the slope and aspect values. Horn’s
is the method used by ArcGIS 10™ (Esri, Redlands, CA), the program we used to compare the DEM and
den data. Superficially the 3 methods appeared comparable to each other but varied widely from the
measured values. Analysis of this dataset was not complete as of the end of the reporting period.
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Briefly explain discrepancies between the activities conducted during the grant and the activities
agreed upon in your grant agreement.

We were able to conduct only a partial airborne FLIR survey in winter 2011-2012 due to electrical problems
with the FLIR unit, mechanical problems with the helicopter, and severe weather that caused us to
prematurely scrub the FLIR mission. We were able to detect 2 dens, one of which we detected on 2 separate
flights, and due to a coordinate error could not detect a third den until a post hoc analysis after the true
location was known. Unfortunately, our small sample size limited our ability to analyze covariates such as
weather and snow data that are important components of calculating a POD for each method.

We were unable to develop a den habitat selection model and denning habitat map due to the lack of
suitable and available base maps. We had previously compared the data acquired at the den with the
Ecosystems of Northern Alaska map (Jorgenson and Heiner 2003) and the National Elevation Dataset 1/3
arc-second Digital Elevation Models. Neither these nor a version of the NED improved with IfSAR data
have proven suitable. We complete a den habitat use model in case a suitable DEM or digital land cover
map becomes available. If either product becomes available, we can test the den habitat use model against
the habitat “availability” map and determine if bears are in fact selecting certain sites or are merely using
sites in proportion to presence on the landscape. If we can model denning habitat selection we can apply
that to the suitable digital map when it becomes available and develop the denning habitat map for
distribution to industry and agencies.

In winter 2010-2011 we were unable to obtain consistent FLIR data from the artificial den due to human
interference that interrupted the power supply to the den heaters. Although we had relocated to a Kuparuk
oilfield drill site, we continued to experience fewer but still important inconsistencies with the power supply
to the heaters and were unable to acquire consistent images in 2011-2012. This has limited our ability to
test the performance of the handheld IR under varying snow and weather conditions.
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Outcomes

During the grant period no bears were killed in defense of life or property, and there were no encroachments
by industry activities on occupied dens. However, there are several bears that appear to have recently
become food-conditioned and which we have been unable to capture .We strongly suspect that one of these
was a weaned offspring of a food-conditioned bear and may have established her home range in the eastern
portion of the oilfields and obtained food from anthropogenic sources. We have been unable to obtain
isotope samples to identify if they are food-conditioned.

Because we obtained den locations on marked bears from fall radio-tracking flights we were able to avoid
encroachment on dens of marked bears by industry winter activities. No radio-marked bears were disturbed
and we did not receive reports of any non-marked bears abandoning their dens. This does not necessarily
mean that all non-marked denning bears were not disturbed but if it did occur it was infrequent.

3. Lessons Learned

Describe the key lessons learned from this project, such as the least and most effective conservation practices or notable
aspects of the project’s methods, monitoring, or results. How could other conservation organizations adapt their projects
to build upon some of these key lessons about what worked best and what did not?

Food-conditioning: Although there are a few (likely <4) individuals that are still food-conditioned,
especially those that have access to the North Slope Landfill and unsecured garbage in Deadhorse, these
appear to be related to existing food-conditioned individuals. This suggests that current garbage
management practices are not attracting a large number of bears from great distances. However, increased
oil and gas activity is predicted for this area. Genetic and stable isotope monitoring should continue in order
to identify those that are not currently marked.

Den detection: Evaluation of the three detection methods was incomplete. However, we have added
considerably to knowledge about what will be required for successful implementation of both airborne and
handheld infrared imaging, and the use of dogs to detect dens. We have demonstrated that both types of IR
imagers can detect grizzly bear dens; however, low sample sizes have frustrated our ability to identify
limiting factors that prevent accurate detection. In particular, airborne FLIR has great potential if the
operational constraints such as availability, compatibility of components, and cost can be reduced. The
optimal situation would be an aerial vehicle that is matched to the proper FLIR unit, permanently residing in
the oilfield during winter so that it can take advantage of short periods of suitable weather, and not cost-
prohibitive. Such a system does not exist at this time, but Remotely Operated Aircraft (“drones”) may be
one solution.

Den habitat map: Although we have been unable to develop the den selection habitat map, we still believe
that this is an important and attainable goal. Industry and agencies should be encouraged to gather high-
resolution mapping data that can be processed into a suitable DEM. The combination of a suitable habitat
map coupled with reliable methods to detect dens in those areas where denning is likely will be best
outcome to reduce disturbance, improve human safety, and ultimately reduce risk to the bears.

4. Dissemination
Briefly identify any dissemination of lessons learned or other project results to external audiences, such as the public or
other conservation organizations.

We gave a poster at the 4™ International Human-Bear Conflicts Workshop in Missoula, Montana, March 22-
24. The poster was titled “Design and operation of Arctic oilfields to minimize conflicts with grizzly
bears.” The Principal Investigator also served on the workshop organizing committee and chaired a session
about management of bears at the urban/suburban/wildland interface.

We gave a presentation at the Alaska Nanuug Commission Polar Bear Deterrence Workshop in Anchorage,
Alaska, December 3-4, 2012. The presentation was titled “Polar bear deterrence and detection” and
included results from garbage management and hazing grizzly bears and polar bears in the oilfield region.
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True den location
False positive den image

Fig. 2. Handheld infrared camera image of den 147-11, January 2012.
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/ o False positive infrared image

True den location

Fig. 3. True location of grizzly bear den 147-11
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Fig. 4. Dogs can work in conditions where infrared imagers cannot
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Ground Surface Thermistor

2011 Grizzly Den

2012 Grizzly Den

Fig. 5. Artificial grizzly bear den layout, 2012
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Table 1. Grizzly bear den detection summary, 2011-2013. NS: not surveyed.

Den Radio-Tracking Error Detected by Detected by Detected by Dogs Dog Error
Number (m) Aerial FLIR Handheld IR (m)
006-12 610 NS NS Y 3
007-11 71 NS Y Y 5
017-11 36 NS Y Y 2
023-11 78 N* N Y 3
023-12 928 NS NS Y 2
068-11 21 NS N Y 5
130-11 51 Y Y Y 2
130-12 97 NS NS Y 2
145-11 57 NS Y Y 5
146-11 76 NS Y NS -
147-11a 194 N** N** NS -
147-11b - N** N** NS -

*

Not detected on initial survey; subsequently detected after true location known

**False positive on original "hotspot" but true positive on secondary "hotspot"
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Radio-tracking Error

Mean

Standard Error
Median

Mode

Standard Deviation
Sample Variance
Kurtosis

Skewness

Range

Minimum
Maximum

Sum

Count

Confidence Level(95.0%)

201.7
88.3
76.0

#N/A

292.8

85718.4
3.6
2.1

907.0
21.0

928.0

2219.0
11.0
196.7

Dog Detection Error

Mean

Standard Error
Median

Mode

Standard Deviation
Sample Variance
Kurtosis

Skewness

Range

Minimum
Maximum

Sum

Count

Confidence Level(95.0%)

3.2
0.5
3.0
2.0
14
1.9
-1.8
0.6
3.0
2.0
5.0
29.0
9.0
11
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