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TWO DECADES OF SCIENCE TO PROVIDE KNOWLEDGE AND PLANNING TOOLS TO ENSURE THE LO
TERM CONSERVATION OF GRIZZLY BEARS IN ALBERTA.

INTRODUCTION

PROGRANBACKGROUND

The fRI Research (formerly Foothills Research Institute, and Foothills Model Forest) Grizzly Bear Program
began in 1998 and was initiated in response to concerns expressed about the lack of knowledge and
data on regionagjrizzly bear populationduring the environmental hearings of the Cheviot Coal Mine. A
core group of sponsors provided funding support to gather data on the movements and habitat use of
the grizzly bear population ithe YellowheadBear Management Are@MA 3). What started out as a
directed study in a small portion of grizzly bear range in Alberta expanded both in scale and scope over
the next 23 yearsas we createdhe most comprehensive dataset on grizzly bear populations in Alberta
(Figurel; Figure2). This expansion occurred as a direct resufi@i program partners joining our

research efforts whee they saw the valuthesedata sets, includinghaps and modelsvould have for
operational activities and management. Over the course of this research program there have been a
number of changes thatdve taken place in grizzly bear management in Alberta, which included: the
redrawing of BMA boundaries based on genetic analysis of populations, the first scientific population
inventory of many BMAs, the 2006 suspension of the spring grizzly bear haibeirta, the preparation

and implementation of the first provincial grizzly bear recovery plan in 2008, the change in status of the
species to Threatened in 2010, and the designation of the first core and secondary grizzly bear
conservation areas with opead density thresholds. Data sets and research results from our program
played an important role in all of these management actions.

These achievements wesnabledby an assembled muldisciplinary team of committed scientists who

all agreed to suppamour program goafto provide knowledge anglanningtools to ensure the long

GSNY O2yaSNBIGA2Y 29| &INR{ d f @GNIZGA INB (R3/thd K $ SINKLR 2 NI Y (
tremendous and ongoing support of our many partners who provided ongoing futaaitpw the

research and tool development to continue and expand to include all grizzly bear range in the province
(Appendix L

Over the 23 year life span of the fRI Grizzly Bear Research Program the research team has piélished
NBEaSINOK LI LISNB AY LISSNI NBOASSHGSR A0ASYGATAO 22 dNYy
research results. Thisast body of research was made possthi®ughan outstanding team of

university professorggraduate studentsand researcherom across Canada and around the world

who took on directed applied research questions in support of our program(gpakendix 2)
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87 Collaborators

from 5 countries

51 graduate theses

from 12 universities in subject areas
including geography, biology,
physiology, natural resources, statistics,
and more
36 Masters « 15 PhD
+ postdocs & research associates

$25,000,000

contributed to grizzly bear conservation
from government, industry, non-profit,
and university sectors

Federal Government
Provincial Government
0il & Gas Industry
Forestry Industry

Other Industries
Non-Profit Organizations
Universities

Core Funding

0% 10% 20% 30%

Percent Financial Contribution

Figurel. Summary statistics for the fRI Grizzly Bear Program from -13®3L.
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Grizzly Bear Database Schema
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Figure2. A depictiorof the information contained in the long term grizzly bear data base. Prepared by Julie Duval.

PURPOSE ANBOW TAUSETHISDOCUMENT

It would be extremely challenging to summarize all the research results from 23 years ofiiierk
document has been put together to showcase the research completed as part of the fRI Research grizzly
bear program from 199& 2021, allowingthe reader to iderstand the progress that this collaborative
research effort has made towards provincial grizzly bear conservation and managdéinecentains the
abstracts or summaries G464 peer-reviewedscientific papers as well as 88published reports. The
research covers a wide variety of topics and has been organized into sections of relate&igar3].

Thefour major cate@ries have been further divided into subcategories, within which papers have been
organizedargely chronologicallto demonstrate the flow of research and how individual studies build

on one another. It is important to recognize that the research condiiiggery interconnectedthe

divisions here are one of many ways that the publications could have been organized, and some papers
could easily have belonged to several categories ofcatiegories. The authors have chosen the

divisions that seemed useftd understanding the main goals and directions of the prograherefore

since the program was geared towards management and supported by many natural resource
industries, we have chosén most caseto categorize grizzly bear responses by what they are

responding to (e.g. odndgas, roadsforestry)rather than by the nature of their response (e.g.

movement, denning, stresdflowever, we have also provided key words at the bottom of each abstract
relating to additional or overlapping themes within egmlblication. These key words are listed in an

Introduction- Purpose and How to Use This
Document

& Managerment

m ‘ fRI Research



TWO DECADES OF SCIENCE TO PROVIDE KNOWLEDGE AND PLANNING TOOLS TO ENSURE THE LO
TERM CONSERVATION OF GRIZZLY BEARS IN ALBERTA.

index at the back of the document with the page numbers of all abstracts relating to that theme. For

example,if one wanted information regardintpe effects of mining on grizzly beaathough there is a

sulm SOlGA2Yy GAGKAY & Dobdsdd brfniéing b$ ¢héeking E?léilhd@oqaéa[%séeé that

YAYAYy3 A& |faz2 RAA O-tdatatauetﬁhty?aryﬁ Fitné&e$s a\ﬁiol\ﬁES OEIJS\yZS/N.]I fa wSftf
subsectionot . SKI @A 2 dzNJ 6 R KA N5 RiaByardl Behaviik aSOGA2y d { A YA
O2dz R OKSO1 (GKS AYyRSE ¥2NJ a5b!'é FYR RA&A020SNI K2¢
various branches of the program.

In addition to organizing the research by subject matter, we have highlighteglatiisof each study for

readability. Finally, the complete citation for each paper is included so that you can easily reference the
complete article and further your understanding of the topics of greatest interest.

Introduction- Purpose and How to Use This
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ORGANIZATION

Bear Biology and Behaviour

v v

Grizzly Bear Density, Baseline Understanding
Movement, and of Grizzly Bear Ecology
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The Environmental Context Management and Conservation

Figure3. Flow diagram showing progression and interconnection of research subjects leading ultimately to management and
conservation objectives.

TheEnvironmenal Context Processing and analyzing habitat and climadata

The grizzly bagprogram benefitted from extensive data collection and research oretheronmental
context in which thegrizzlybears of Alberta exisi large portion of thelata was collected through
remote sensingusingsatellites, drones, and even digital camei@emote sensing data was
accompanied by field data for validation or to answer additional questions about the environment.
Significaneffort went into learning to effectively process and combine data into formats that could be
used for further research ananagement. The first step and focus of many of these studies was to
classify remote sensing data into landcover typé®th natural and anthropogenicthat could be

Introduction- Organization 6
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related to grizzly bear habitat. After establishing hovc&tegorizea static landscagy, the next step was

to detect landscape change and disturbances occurring over many years. As remote sensing techniques
improved, analyses moved from focusing on broad landscapes to modelling in greater complexity,

capturing detailed forest structure arfthe-scale disturbances such as roads. Vegetatioenology and

how it influences food resources also became an important avenue of research. Finally, weather data
includingsnowcoveg & 02ttt SOGSR (2 NRBdzyR 2dzi 2 dzbdmday RSNE G| y
This research provided the map products and environmental variables that were key to modellilyg grizz

bear responses in the finaéction.

Studying Grizzly Bears: Collectingd evaluaing biologicaldata

Before reaching an understandinggrizzly bear behaviour, population status, response to industry, or
best management piaices, significant groundwork waequired todeterminethe best way to collect,
process, and analyse the requirgdzzly beadata. In this section, we first discuysocedures for

estimating population numbers and demographics, providingnbeessary backgrourfdr determining
population status and trends. Next, we compare methods of capturing grizzly bears and bafeljo
process the bears once they are caughtiedining the best practices which were foundational to the
capture program for the remainder of the studi®e also discuss the use and processing of grizzly bear
health and physiology markers, such as hormof@zlly wetackle challenges in usimgizzly bear

location data from GPS collars. These studies define the procedures used to determine grizzly bear
status, behaviour, and responses

Grizzly Bear Biology and Behaviour: Understandindividuals and mpulations

In thissection we look at genetlagrizzly bear biology and behaviour, including population density, home
range,physiologygeneticsdiet, predation,andhow grizzly bears interact with each oth&ihis section

is distinct from the previous section in thalthough themes are similaherethe focus is on the
outcomeandwhat wecanlearn about grizzly bears, rather than the development of a tool or a process.
It is distinct from the final section in thathése studies, for the most part, do not focus on responses to
the environmental ontext, but establish a baseline understanding of grizzly bear populations and
behaviour.

Grizzly Bear Responses: Studying how grizzly bears interact with the natural environment and
anthropogenic influences

This section discusses the relationship betwggnzly bears and various natural and anthropogenic
influences, and is catered to landscape level management. However, this research was only ppssible
building on the groundwork laid in the previous sections. In this section, grizzlybedrers, condtion,
andbehaviour datavere combined with data on the physical environment to determine factors
affecting grizzly bears. In particular, grizzly bear habitat selection is explored in depth, determining the
environmentalpreferences of grizzly beais order to make predictions of where they are most likely to

be found, as well as areastifjh mortalityrisk. This section also focusses heavily on the effects of
anthropogenic disturbances on grizzly bear health, behavior, and abundance, including statlies th
targeted individual disturbances including roads, forestry, coal mimingpil and gas extraction.

Finally,we discuss©iumanandwildlife conflict.

Reportsand Unpublished Materials

This section contains selected additional work conducted by thRdRéarch Grizzly Bear Program that
has not been published in a peer reviewed journal. First we include reports on population inventories
and density estimates, whigbrovide baseline data on grizzly bear population statusiarebme cases
how grizzly beapopulations havehanged througtime in differentBMAs These population
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inventories wereausedto evaluat populationtrends andto determine and integratenanagement
strategies Finally, wehave a section of assorted repodad materialghat cover avariety ofthemes.
Many of thesereportswere commissioned by industry partners and contain important management
perspectives relative to specific activities. Others are internal reports containimgyiafion on the
development otechniques relevant t@ther studiesA numberof these works are ngiresented in
traditional report format, butare compilations of multiple studies, or even a course manual.
Furthermore manylo not have abstracts or summaries, therefore parts of the introduction, goals, or
conclusions have been provided to give an idea of the content and purpose of the docukithotuigh
speaking to a variety of themes and purposes, all of these reports were important to the overall
development and impact of the grizzly bear program.

Introduction- Organization 8
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THEENVIRONMENTALONTEXT

MAPPING ANQLASSIFICATION

Legend
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Figure4. Overview map of the classification results for the whole study area (A) and three detail sites as indicated in the first
panel, (B) mountainous areas with a recoveringdiar in the SW corner, (C) mosaic of regenerating forest harvests with a coal
mine site in the east, (D) mostly continuous conifer forest interspersed with wetlands and mixed deciduous patchesnirigure fr
Nijland et al. 2015p. 14.

In this section, we look at studies thateimainlysatellite data to classify landcover types and mak
habitat maps, focusing on increasing accuracy and relevance for grizzly bears.

Franklin, S. E., Stenhouse, G. B., Hansen, M. J., Popplewell, C. C., Dechka, J. A., & Peddle, D. R. (2001).
An integrated decision tree approach (IDTA) to mapping landcover using satellite remote sensing in

The Environmental ContexiMapping and
Classification 9
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support of grizzly bear habitat analysis in thdb&rta Yellowhead EcosystenCanadian Journal of
Remote Sensing, 27(6), 57992. https://doi.org/10.1080/07038992.2001.10854899

Multi-source data consisting of 1999 Landsat satellite imagepgdraphic descriptors derived from

DEMs, and Gigased vegetation inventory information have been used to generate a detailed landcover
classification map to quantify and analyze the spatial distribution and configuration of grizzly bear
habitat within the Alberta Yellowhead Ecosystem study afidese map is needed as part of a larger
ecosystem assessment to help determine if bear movement and habitat use patterns are affected by
changing landscape conditions and human activities. An Integrated Decis®Adpeoach (IDTA) was
developed that incorporated unsupervisedifi€ans) clustering, empiricaltyerived DEMand GIS

based decision rules (proximity, slopes, etc.), and maximum likelihood supervised classification of forest
and vegetation classes basedftgld sampling. This approach was based on an earlier finding, using a
1998 Landsat image in this area, that different classifiers performed at different levels of success in
various classe The map produced with the IDTA method was determined to beoappately 80%

accurate (kappa = 0.783) using 494 randomly sampled points unambiguously identified on available
digital orthophotography.

Map ProductLandcoverLandsatGIS ApplicatiariVegetation

Franklin, S. E., Peddle, D. R., Dechka, J. A., & Stenhouse, G. B. E@6&ntial reasoning with

Landsat TM, DEM and GIS data for landcover classification in support of grizzly bear habitat mapping.
International Journal of Remote Sensing, 23(21), 468352.
https://doi.org/10.1080/01431160110113971

Multisource data consisting of satellite imagery, topographic descriptors derived from DEMS)@n
inventory information have been used with a detailed, fibltked landcover classification scheme to
support a quantitative analysis of the spatial distribution and configuration of grizzly Uesarq arctos
horribilis habitat within the Alberta Mwhead Ecosystem study areghe map is needed to determine

if bear movement and habitat use patterns are affected by changing landscape conditions and human
activities. We compared a multisource Evidential Reasoning (ER) classification algorithne aapabl
handling this large and diverse data set, to a more conventional maximum likelihood decision rule which
could only use a subset of the available data. The ER classifier provided an acceptable level of accuracy
(ranging to 85% over 21 habitat classies)a level 3 product, compared to 71% using a maximum

likelihood classifier.

LandcoverMap ProductGIS ApplicatiarClassificationLandsat

Franklin, S. E., Hansen, M. J., & Stenhouse, G. B. (2Q0@ntifying landscape structure with
vegetation inventory maps and remote sensinghe Forestry Chronicle, 78(6), 8&5.
https://doi.org/10.5558/tfc78866-6

Two input maps based on Alberta Vegetation Invertory (AVI) data and Landsat satellite imagery were
generated for use in a fragmentation analysis of a large area in the Alberta Yellowhead Ecosystem to
support longterm grizzly bear habitat analysidccuracy was assessed using visual interpretation of
classes on digital orthophotography. Approximately 45% map accuaracy was obtained after applying a
generalization procedure to the available AVI GIS database. Approximalélyn@p accuracy was

achieved usin@ supervised classification approach to the Landsat image. Differences in accuracy were
most apparent in nottireed vegetation classes (e.g. shrub), conifer, mixedwood, and deciduous forest
classesVery large differenceseve observed in many of the landscape metrics computed from these
two maps to quantify landscape structure. Simulating forest changes on these maps illustrated the
difficulty of comparing maps generated with different geospatial technologies.

The Bvironmental Context Mapping and
Classification 10
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Map ProductGIS ApplicatigrLandcoverLandsat Vegetation Fragmentation

McDermid, G. J., Franklin, S. E., & LeDrew, E. F. (2B@mote sensing for largarea habitat
mapping Progress in Physical Geography(89449%474.
https://doi.org/10.1191/0309133305pp455ra

Remote sensing has long been identified as a technology t@apébupporting the development of

wildlife habitat maps over large areas. However, progress has been constrained by underdeveloped
linkages between resource managers with extensive knowledge of ecology and remote sensing scientists
with backgrounds in geggraphy.This article attempts to traverse that gap by (i) clarifying the imprecise

and commonly misunderstood concept of ‘habitat’, (ii) exploring the recent use of remote sensing in
previous habitatmapping exercises, (iii) reviewing the remote sensaaiset developed for extracting
information from optical satellite imagery, and (iv) outlining a framework for linking ecological

information needs with remote sensing techniques

Remote Sensingeview Habitat Mapping Forest StructureMap ProductLandcoverSatellite Imagery

Linke, J.& Franklin, S. E. (200@nterpretation of landscapestructure gradients based on satellite
image classification of land cove€anadianburnal of Remote Sensing2(6), 367-379.
https://doi.org/10.5589/m06-031

Landscape metrics used to quantify landscape stinecand pattern over time and space are

increasingly required in wildlife habitat analysis and other applications in environmental management,
planning, and research. In such analyses, the spatial attributes of either individual land cover classes or
the entire landscape mosaic consisting of multiple land cover classes can be described by computing the
respective clasand landscapédevel landscape metrics. Recent studies have suggested that a
parsimonious suite of independent landscape metrics, or lamqss#ructure gradients, may be useful
descriptors of spatial variation over various natural landscapes and that some of these parsimonious
gradients may be fundamental to most landscape configurations as guided by the universality of the
gradients (percerage of landscape or land cover classes a structure gradient occurs in), consistency (the
correlation of principal component loadings of liggucture gradients across different land cover

classes), and strength (average variance explained by the strugranént across land cover classes).
Landscape structure gradients can be extracted using separate principal components analyses of a list of
classand landscapéevel landscape metrics obtained from land cover maps derived from geographic
information sysem (GIS) databases or remote sensing image classifications. In thisveéueyamined

the landscape structure gradients in the Foothills Model Forest, which is located in the Canadian Rocky
Mountains Yellowhead Ecosystem, Alberta, Canada, and interpdiffedences in quantified gradients

of landscape structure using satellite image classification products before and after they were
generalized into "polygoiike" maps by smoothingNVe used 195 square (5.4 km X 5.4 km) sub

landscapes to ensure an adeqaaample size for statistical testing. The clasgl analysis resulted in

the identification of five consistent structure gradients universally present across the eight land cover
classes together explaining the majority of all cles®l variation (oraverage about 53% for all land

cover classes). The landscdpeel analysis identified that a parsimonious suite of eight fundamental
landscapdevel structure gradients explained approximately 85% of the variance.

ClassificationSaellite Imagery

Wang, K., Franklin, S. E., Guo, X., He, Y., & McDermid, G. J. (R8@8ms in remote sensing of
landscapes and habitatfrogress in Physical Geograpt33(6),747-768.
https://doi.org/10.1177/0309133309350121
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Wildlife habitat mapping strongly supports applications in natural resource management, environmental
conservation, impacts of anthropogenic activity, perturlagbsystem restoration, species-risk

recovery and species inventory. Remote sensing has long been identified as a feasible and effective
technology for largearea habitat mapping. However, existing and future uncertainties in remote sensing
will definitely have a significant effect on the relevant scientific researbis article attempts to identify

the current challenges and opportunities in remote sensing for larga wildlife habitat mapping, and
accordingly provide possible solutions and direasidor further research.

Habitat Mapping Remote Sensirigeview Map Product

McDermid, G. J., Hall, R. J., Sanchenpfeifa, G. A., Franklin, S. E., Stenhouse, G. B., Kobliuk, T., &
LeDrew, E. F. (200Remote sensing and forest inventory for wildlife habitat assessmdrest
Ecology and Management, 257(11), 22@269.https://doi.org/10.1016/].foreco.2009.03.005

Researbers and managers undertaking wildlife habitat assessments commonly require spatially explicit
environmental map layers such as those derived from forest inventory and remote sensing. However,
end users of geospatial products must often make choices r@ggatte source and level of detail

required for characterizing habitat elements, with few published resources available for guitfdace.
appraised three environmental data sources that represent options often available to researchers and
managers in wildié ecological studies: (i) a pexisting forest inventory; (ii) a genefailirpose, single
attribute remote sensing land cover map; and (iii) a spepifipose, multiattribute remote sensing
database The three information sources were evaluated wittot@omplementary analyses: the first
designed to appraise levels of map quality (assessed on the basis of accuracy, vagueness, completion,
consistency, level of measurement, and detail) and the second designed to assess their relative capacity
to explain péerns of grizzly bealirsus arctostelemetry locations across a 100,0R0¢ study area in
west-central Alberta, Canada. We found the forest inventory database to be reasonably functional in its
ability to support resource selection analysis in regiohgr® coverage was available, but overall, the

data suffered from quality issues related to completenessuracy, and consistency. The general

purpose remote sensing land cover product ranked higher in terms of overall map quality, but
demonstrated a lowr capacity for explaining observed patterns of grizzly bear habitat use. We found
the best results using the specHitirpose, multiattribute remote sensing database, and recommend

that similar information sources be used as the foundation for wildl#eitat studies whenever

possible, particularly those involving large areas that span jurisdictional boundaries.

Habitat Mapping LandcoverHabitat Selection

Collingwood, A., Franklin, S. E., Guo, X., & Stenhouse, G. (2808diumresolution remote sensing
classifi@ation of agricultural areas in Werta grizzly bear habitatCanadian Journal of Remote Sensing,
35(1), 2&36. https://doi.org/10.5589/m08-076

Habitat loss and humaocaused mortality are the most serious threats facing grizzly hé@ug arctos

L.) populations in Alberta, with conflicts between people and bears in agricultural areas being especially
important. However, the agricultural land being classified as a single class in current grizzly bear habitat
maps limits the understanding of the bear habitat in agriculture regidhs.objectives of this research

were to find the best possible classificen approach from a limited selection of methods for

determining multiple classes of agricultural and herbaceous land cover and to create land cover maps of
agricultural and herbaceous areas which will be integrated into existing grizzly bear habitafomaps
western Alberta Three different objeebased classification methods (one unsupervised method and

two supervised methods) were analyzed with these data to determine the most accurate and useful
method. The best method was the supervised sequentialkings(SSM) technique, which gave an
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overall accuracy of 88% and a kappa index of agreement (KIA) of 83%. When combined with bear global
positioning system (GPS) location data, it was discovered that bears in agricultural areas were found in
the grass forage crops class 77% of the time, with the small grains and bardatolv fields classes

making up the rest of the visited land cover. The bears were found in these areas primarily in the
summer months.

Agriculture GIS ApplicatiarHabitat SelectionMap ProductClassificationLandsat

Wang, K., Franklin, S. E., Guo, X., Collingwood, A., Stenhouse, G.@ve&3$. (2010)Comparison of
Landsat multispectral and IRS panchromatic imagery for landscape pattern analysis of grizzly bear
habitat in agricultural areas of western AlbertaCanadian Journal of Remote Sensing, 36(1§436
https://doi.org/10.5589/m10-026

The grizzly beatJfsus arctos4..) is a species that is widely recognized as an indicator of ecosystem
health in westcentral Alberta. Agricultural activities, oil and gas exgion and extraction, forestry,

and recreation can all contribute to grizzly bear habitat fragmentation and Téespurpose of this

research was to compare two models of grizzly bear activity in agricultural areas of western Alberta,
Canada, developeddm landscape pattern metrics derived from Landsat and Indian Remote Sensing
(IRS) based land cover classifications and assess if these models statistically converged on the same
landscape metricRResults were further explained by considering the influesfcgpatial, spectral, and
thematic resolution, along with previous knowledge on grizzly bear habitat preference. The Lamdsat
IRSbased analyses were compared using relaghips between landscape metrics and both grizzly bear
presenceabsence data ahfrequency of use data. Results indicated that landscape spatial structure had
at least some role in determining whether or not grizzly bears would use an area in an agricultural
landscape. It was concluded that the thematic resolution represented thetggeimpact on

compositional metrics for both the grizzly bear preseatsence and frequency of use analyses, i.e., the
Landsatbased product was morsuited to revealing the function of the compositional metrics than the
IRSbased product. Configurati@h metrics, however, were more sensitive to the higher spatial

resolution map derived from the IRS data. Landscape management recommendations are suggested in
the context of these geospatial results.

IndianRemote Sensindg.andsat Satellite ImageryLandcoverAgriculture

Wang, K., Franklin, S. E., Guo, X., & Cattet, M. (2QR8note sensing cécology, biodiversity and
conservation: a review from the perspective of remote sensing specialiSesnsors (Basel,
Switzerland), 10(11), 964P667.https://doi.org/10.3390/s101109647

Remote sensing, thecience of obtaining information via noncontact recording, has swept the fields of
ecology, biodiversity and conservation (EBC). Several quality review papers have contributed to this
field. However, these papers often discuss the issues from the startdgfcam ecologist or a

biodiversity specialisiThis review focuses on the spaceborne remote sensing of EBC from the
perspective of remote sensing specialists, i.e., it is organized in the context cbéthe-art remote
sensing technology, includingsinuments and techniguedierein, the instruments to be discussed
consist of high spatial resolution, hyperspectral, thermal infrared, ssaddlllite constellation, and

LIDAR sensors; and the techniques refer to image classification, vegetation indawéw)on

algorithm, data fusion, and the integration of remote sensing (RS) and geographic information system
(GIS).

Satellite ImageryLidar Remote Sensing Review
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Franklin, S. E., He, Y., Pape, A. D., Guo, X., & McDermid, G. J. (2&-dd9atcomparable land cover
maps using ASTER and SPOT images: a case study feateamapping programmednternational
Journal of Remote Sensing, 32(2),852205.https://doi.org/10.1080/01431161003674642

The longterm record of global Landsat data is an important resource for studying Earth's system. Given
the identified gaps in Landsat data armktundetermined future status of Landsat data availability,
alternatives to Landsat imagery need to be tested in an operational environimetfiis study, forest

land cover and crown closure maps generated from Advanced Spaceborne Thermal Emission and
Refection Radiometer (ASTER) and System Pour I'Observation de la Terre (SPOT) data were compared to
Landsatbased map products currently in use by the grizzly bear habitgiping programOverall

accuracies greater than 85% were obtained for both ASaidRFSPOIbased land cover maps. The

ASTER and SPOT classification accuracies were higher than that achieved by Landsat. Crown closure
maps derived from ASTER and SPOT data show a small increase in accuracy when compared to the
Landsaiproducts. Overall, theseesults demonstrate that ASTER and SPOT could provide alternative
data sources for producing maps in the event of a gap in the Landsat data.

LandcoverMap ProductSatellite ImageryLandsat SPOTASTER

Nijland, W., Coops, N. C., Nielsen, S. E., & Stenhouse, G. (20tEgjrating optical satellite data and
airborne laser scanningqihabitat classification for wildlife managementnternational Journal of
Applied Earth Observation and Geoinformation, 38, 2250.
https://doi.org/10.1016/j.jag.2014.12.004

Wildlife habitatselection is determined by a wide range of factors including food availability, shelter,
security and landscape heterogeneity all of which are closely related to the more readily mapped land
cover types and disturbance regimes. Regional wildlife halitaies often used moderate resolution
multispectral satellite imagery for wall to wall mapping, because it offers a favourable mix of availability,
cost and resolution. However, certain habitat characteristics such as canopy structure and topographic
factors are not well discriminated with these passive, optical datasets. Airborne laser scanning (ALS
provides highly accurate three dimensional data on canopy structure and the underlying terrain, thereby
offers sigriicant enhancements to wildlife habitat mappirg.this paper, we introduce an approach to
integrate ALS data and multispectral images to develop a new heuristic wildlife habitat classifier for
western Alberta Our method combines ALS direct measuresaobpy height, and cover with optical
estimates of species (conifer vs. deciduous) composition into a decision tree classifier for habitat
landcover types. We believe this new approach is highly versatile and transferable, because class rules
can be eaily adapted for other species or functional groups. We discuss the implications of increased
ALS availability for habitat mapping and wildlife management and provide recommendations for
integrating multispectral and ALS data into wildlife management.

Clasification GIS ApplicatigrLandcoverLandsatLidar Forest StructureSatellite Imagery

Kearney, S. P., Coops, N. C., Stenhouse, G. B., & Nelson, T. A. E2@iM)thromes of Alberta: An
example of disturbancenformed ecological regionalization using remote sensidgurnal of
Environmental Management, 234297¢310. https://doi.org/10.1016/].jenvman.2018.12.076

Humans influence ecosystems on magnitudes that often exceed that of natural forces such as climate
and geology; however, frameworks raratiglude anthropogenic disturbance when delineating unique
ecological regions. A critical step toward understanding, managing and monitoring Faltaesd
ecosystems is to incorporate disturbance into ecological regionalizations. Furthermore, quantitative
regionalization approaches are desirable to provide @&tctive, repeatable and statistically sound
stratification for environmental monitoring/Ve applied a twestage multivariate clustering technigue to
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identify 'EcoAnthromes' across a large ardlae province of Alberta, Canadat 30m spatial resolution,

and using primarily remotely sensed inputfie EcoAnthrome clusters represent regions with unique
ecological characteristics based on a combination of natgalogical potential (e.g., climatmnd

edaphic factors) and disturbance, both natural and anthropogenic. Compared to existing-eéxpeed
Natural Subregions in Alberta, the modlsed EcoAnthromes showed greater class separation and
explained more variance for an assortment of varialédated to land cover, disturbance and species
intactness. The EcoAnthromes successfully separated important ecological regions that are defined by
complex assemblages of topography, climate and disturbance, such aslyedu@ler valleys, boreal
forests, grasslands, po$ire recovery areas and highly disturbed agricultural, industrial and urban
landscapes. In addition to presenting a flexible method for EcoAnthrome regionalization, we group and
describe the EcoAnthromes created for Alberta and dishossthey can complement expederived
regionalizations to aid in environmental management efforts, such as species recovery planning and
monitoring for threatened species.

Anthropogenic Disturban¢&I1S ApplicatigrClassificationLandcoverMap Product Landsat

CHANGHDETECTIOANDANALYSIS
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Figure5. Example of how updating [roadbtworks based on satellite imagery] would change the existing publicly available road
network in an area with recent forest activity. Figure from Kearney et al., 2020.

In this section, we move beyond static classification imwaghping and use time series of data to
documentlandscape changes over time, including natural and anthropogenic disturbances and forest
regeneration.
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Franklin, S. E., Lavigne, M. B., Wulder, M. A., & Stenhouse, G. B. (Zii@@)ge Detection and
Landscae Structure Mapping using Remote Sensifidne Forestry Chronicle, 78(5), GB25.
https://doi.org/10.5558/tfc78618-5

Satellite remote sensing has long held promise as a powerful method of detectingdaregty changes

and mapping landscape structure over vast, often multijurisdictional forest areas. Landsat Thematic
Mapper (TM) spectral response, for example, can be related accurately to changes in physiology and
cover at a range of small to intermediateapping scales. These data have been available continuously
for almost 20 years; many areas have earlier satellite image archives stretching back to the 1970s. When
considering spatialkgxplicit changes to landscapesaused by natural and human distarices- over

this time period, digital, synoptic, and repeatable satellite remotspsed data are emerging as the
observational media of choice that forest managers must possess and use imgkig.paper,

successful use of satellite remote sensingno of Canada's Model Forests is described. First, in the
Fundy Model Forest in southeastern New Brunswick,-geEs TM image sequence was used to detect
area changes associated with different harvesting and silvicultural practices. Second, in thiésFoothi
Model Forest in westcentral Alberta, grizzly bear habitat maps have been created from1sudiie TM

land cover mosaic3.hese map products constitute critical information on landscape change and
configuration required to answer key management quassi. The paper concludes with a prognosis for

the future role of satellite remote sensing in sustainable forest management as data quality continues to
improve (i.e., increasing spatial, spectral, temporal, and radiometric resolutions), and methods are
brought into the purview of forest managers and practitioners.

Anthropogenic Disturbanc&IS Applicatiorandsat Change Detection

Huettmann, F., Franklin, S. E., & Stenhouse, G. B. (2B08}ictive spatial modelling of landscape
change in the Foothills Model Foresthe Forestry Chronicle, 84), 525537.
https://doi.org/10.5558/tf c815254

Modelling landscape change has been identified as one of the most significant challenges relevant to
wildlife management and conservation, but many spatial tools are not well understood and there are
few practical examples of their usé@le presentan approach to predictive spatial modelling to derive

future landscape scenarios ranging from 0 to 100 years in the Foothills Model.Figssic input in
modelling future landscapes is a land cover classification developed from satellite imagerygusitise
landscape changes are introduced with model subcomponents for forestry, fire, oil and gas exploration
and development, natural succession, and vegetation growth (forest age). The resulting landscapes are
used in wildlife management planning.

Satellie Imagery GIS ApplicatiorChange DetectigrClassificationAnthropogenic Disturbance

Franklin, S. E., Montgomery, P. K., & Stenhouse, G. B. (20@Bjpretation of land cover changes
using aerial photography and satellite imagery in the Foothills Model Forest of AlheBtanadian
Journal Remote Sensing, 31(4), 834.3. https://doi.org/10.5589/m05-015

Aerial photographs acquired in 1948952, Corona "spgatellite” imagery acquired in 1963, and

Landsat multispectral scanner (MSS), thematic mapper (TM), and enhanced thematic mapper plus
(ETMr) imagery acquired since 1974 were used to interpret land cover changes in the Foothills Model
Forest of AlbertaThe different image characteristics of aerial photographs and satellite sensor data
require different analysis methods, but increasingly #heata are being used together to determine
changes in land cover and structure over a longer time period than is possible using satellite image data
alone. The interpretations from this study suggest that in an active forest management area, conifer
fores cover was reduced, broadleaf and mixiadest cover was increased, and the forests were
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structured in smaller patches with greater edge density over the years circa- 1999@. Another part of

the study area, recovering from a major fire in the earlyt pd the century, was interpreted to have
experienced an increase in conifer forest area and mean patch size over this same time period. Overall,
changes in the Foothills Model Forest landscape were relatively easily identified and deemed significant
by resource managers; this study suggests additional work is warranted on understanding the effect of
these changes in applications such as wildlife management.

LandcoverChange Detectigrbatellite ImageryLandsat Forestry

Pape, A. D., & Franklin, S. E. (2008DDISbased change detection for grizzly bear habitat mapping in
Alberta. Photogrammetric Engineering and ReneoBensing, 7@), 973;985.
https://doi.org/10.14358/PERS.74.8.973

Coarse resolution data from the Moderate Resolution Imaging Spectroradiometer (MODIS) was used to
test the effectiveness of 250 m datia detect forest disturbances and update an existing, lsages
(150,000km?), 30 m Landsat ETM+ and TM laowver map product used in Grizzly Bearsus arctop

habitat analysisA Landsatlerived polygon layer was applied to the MOD13Q1 data producidate a
polygonbased, mean NDVI time series (2000 to 2005). Image differencing of the dataset produced
multiple-scale layers of change including a tdate, fiveyear change and a fiwyear composite of

annual changes. Accuracy assessments based dalaeda1S data showed an overall accuracy as high
as 59 percent. Results also show that disturbance patches larger than 15 ha were represented with an
accuracy of 75 percent or higher. This offers an alternative to higher spatial resolution data for the
identification of larger features and also provides general change information for those areas that may
be suitable for analysis with higher spatial resolution data.

DisturbanceGIS Applicatigri_andsat MODISNDVI

McDermid, G. J., Linke, J., Pape, A. D., Laskin, D. N., Mclane, A. J., & Franklin, S. EO[2668).
based approaches to change analysis and thematic map update: challengebmitations. Canadian
Journal of Remote Sensing, 34(5), 4@86. https://doi.org/10.5589/m08-061

Bitemporal change analysis strategies performed in an offjased environment are prone to the
generation of sliver objects: small, spurious polygons created by the inconsistent delineation of
persistent change features appearing in consecutive coregdtenages. The issue represents a serious
methodological challenge that can limit the visual and structural quality of the finished map product if
not adequately addressed critical analysis of annual land cover maps generated by updating and
backdatingobject-based reference maps in a western Alberta study area revealed that sliver objects
made up between 3% and 12% of the total area of change, and between 63% and 72% of the total
number of change objects, despite high thematic accuradibe results Ighlight the emerging need for

a methodological framework designed to handle the spatial challenges posed by change analysis in an
objectbased environment.

Change DetectigriLandcover

Linke, J., McDermid, G. Jape, A. D., McLane, A. J., Laskin, D. N.,-Baller, M., & Franklin, S. E.
(2009).The influence of patckdelineation mismatches on muliiemporal landscape pattern analysis.
Landscape Ecology, 24(2), 1370.https://doi.org/10.1007/s10980-008-9290z

Investigations of landover change often employ metrics designed to quantify changes in landscape
structure through time, using analyses of land cover maps derived from the classification of remote
sensing images from two or more time periods. Unfortunately, the validity of these landscape pattern
analyses (LPA) can be compromised by the presence of spurious change, i.e., differences between map
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products caused by classification error rather than idenges on the ground. To reduce this problem,
multi-temporal time series of landover maps can be constructed by updating (projecting forward in

time) and backdating (projecting backward in time) an existing reference map, wherein regions of
change are dlineated through btemporal change analysis and overlaid onto the reference map.
However, this procedure itself creates challenges, because sliver patches can occur in cases where the
boundaries of the change regions do not exactly match the-taner @tches in the reference mam

this paper, we describe how sliver patches can inadvertently be created through the backdating and
updating of lanecover maps, and document their impact on the magnitude and trajectory of four

popular landscape metrics: nuyar of patches (NP), edge density (ED), mean patch size (MPS), and
mean shape index (MSIh our findings, sliver patches led to significant distortions in both the value and
temporal behaviour of metrics. In backdated maps, these distortions causedcrirajectories to

appear more conservative, suggesting lower rates of change for ED and inverse trajectories for NP, MPS
and MSI. In updated maps, slivers caused metric trajectories to appear more extreme and exaggerated,
suggesting higher rates of chanige all four metrics. Our research underscores the need to eliminate
sliver patches from any study dealing with midtimporal LPA.

LandcoverClassificationChange Detection

Linke, J., McDermid, G. J., Laskin, D. N., McLane, A. J., Pape, A. D., CranstorBaydial., &
Franklin, S. E. (2009 disturbanceinventory framework for flexible and reliable landscape
monitoring. Photogrammetric Engineering and Remote Sensing(8), 981¢995.
https://doi.org/10.14358/PERS.75.8.981

Remote sensing plays a key role in landscape monitoring, but our handling of these data in a multi
temporal time series is not yet fully develaheOf particular concern is the presence of spatial and
thematic errors in independently created maps that distort measures of landscape pattern and constrain
the reliability of change analysis. In addition, there is a need to incorporate continuousitatriof
cover gradients for flexible map representations that support a variety of applicatiokisis paper, we
present a framework for generating temporally and categorically dynamicdamdr maps that provide
such a reliable and adaptable foundatiorhe centerpiece is a spatiemporal disturbancenventory
database, created through serautomated change detection and conditioned with boundargtching
procedures, which can be used to backdate and update both continuous and categorical reference
maps. We demonstrate our approach using maltinual Landsat imagery from a forested region in
west-central Alberta, Canada, between the years 1998 and 2005.

Landsat Map ProductGIS ApplicatigrandcoverDisturbanceLandscapé/onitoring

Linke, J., & McDermid, G. J. (201A)conceptual model for multitemporal landscape monitoring in an
object-based environmentJournal of Selected Topics in Earth Observations and Remote Sengft)g, 4
265¢271. https://doi.org/10.1109/JSTARS.2010.2045881

Remote sensing plays a critical role in contemporary monitoring programs, but our strategies for
processing these data using automated procedures are not always reliable. In particular, the task of
separating real from spurious changes remains problemesigecially in an objediased environment
where differential errors in classification quality, spatial registration, scene illumination, resolution, and
object delineation have forced some operators to adopt laimensive visuainterpretation strategis,

or employ manual interaction on an objely-object basislIn this paper, we present an updated
summary of our new disturbandaventory approach to landover monitoring that combines object

based classification and chandetection strategies with bawdary-conditioning routines designed to
maximize the spatial and thematic integrity of the finished produ#{gh this approach, the final maps
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are only altered in regions of confirmed change, and spurious gaps, slivers, stretches, and
encroachments arewaided. The approach constitutes an innovative, efficient, and transparent
framework that can handle all the basic landscape dynamics, including feature appearance,
disappearance, succession, expansion, and shrinkage, without the need for manual editing.

assification Remote Sensingandscape Monitoring

Stewart, B. P., Wulder, M. A., McDermid, G. J., & Nelson, T. (2@8)urbance capture and
attribution through the integration of Landsat and IR$C imagery Canadian Journal of Remote
Sensing, 35(6), 52533. https://doi.org/10.5589/m10-006

A primary activity required to support sustainable forest management is the detection and mitigation of
forest disturbances. These disturbances can be planned, through urbanization and harvesting, or
unplanned, through insect infestations or fire. Deteatiand characterization of disturbance types are
important, as different disturbances have different ecological effects and may require unique
managerial responses. As such, it is hecessary for forest managers to have as complete and current
information aspossible to support decision makirig.this study, we developed a framework to
automatically detect and label disturbances derived from remotely sensed imBgstsrbances were
detected through traditional image differencing of mediuasolution imagenfLandsat7 Enhanced
Thematic Mapper Plus (ETM+), resampled to 30 m) but were refined and augmented through
comparison with edge features extracted from high spatial resolution satellite imagery (Indian Remote
Sensing (IRS) satellite 1C panchromatic imagesampled to 5 m). By incorporating spectral

information, derived composite band values (tasselled cap transformations), spatial and contextual
information, and secondary datasets, we were able to capture and label disturbance features with a
high levelof overall agreement (91%). Areal features, such as harvest areas, are captured and labelled
more reliably than linear features such as roads, with 92% and 72% agreement when compared with
control data, respectively. By incorporating rilased disturbancattribution with remote sensing

change detection, we envision the update of land cover databases with reduced human intervention,
aiding more rapid data integration and opportunities for timely managerial responses.

Landsat IndianRemote Sensin@1S ApplicatigrDisturbanceForestry Classification

Hilker, T., Wulder, M. A., Coops, N. C., Linke, J., McDermid, G., Masek, J. G., Gao, F., & White, J. C.
(2009).A new data fusion model for high spatisdnd temporal resolution mapping of forest

disturbance based on Landsat and MODR&mote Sensing ofrizironment, 113(8), 16181627.
https://doi.org/10.1016/j.rse.2009.03.007

Investigating the temporal and spatial pattern of landscape disturbances is an important requirement
for modeling ecosystemharacteristics, including understanding changes in the terrestrial carbon cycle
or mapping the quality and abundance of wildlife habitats. Data from the Landsat series of satellites
have been successfully applied to map a range of biophysical vegetatmmgizrs at a 30 m spatial
resolution; the Landsat 16 day revisit cycle, however, which is often extended due to cloud cover, can be
a major obstacle for monitoring short term disturbances and changes in vegetation characteristics
through time. The develapent of data fusion techniques has helped to improve the temporal

resolution of fine spatial resolution data by blending observations from sensors with differing spatial and
temporal characteristicsthis study introduces a new data fusion model for pradgsynthetic imagery

and the detection of changes termed Spatial Temporal Adaptive Algorithm for mapping Reflectance
Change (STAARCH)e algorithm is designed to detect changes in reflectance, denoting disturbance,
using Tasseled Cap transformationdoth Landsat TM/ETM and MODIS reflectance data. The

algorithm has been tested over a 185 x 185 km study area ineegdgtal Alberta, Canada. Results show
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that STAARCH was able to identify spatial and temporal changes in the landscape with a high level of
detail. The spatial accuracy of the disturbed area was 93% when compared to the validation data set,
while temporal changes in the landscape were correctly estimated for 87% to 89% of instances for the
total disturbed area. The change sequence derived fBIAARCH was also used to produce synthetic
Landsat images for the study period for each available date of MODIS imagery. Comparison to existing
Landsat observations showed that the change sequence derived from STAARCH helped to improve the
prediction reslts when compared to previously published data fusion techniques.

Change DetectigrGIS ApplicatigrDigurbance Landsat MODIS

Hilker, T., Wulder, M. a., Coops, N. C., Seitz, N., White, J. C., Gao, F., Masek, J. G., & Stenhouse, G.
(2009).Generation of dense time series synthetic Landsat data through data blending with MODIS
using a spatial and temporal adaptive reflectancesfan model Remote Sensing of Environment,
113(9), 19881999.https://doi.org/10.1016/j.rse.2009.05.011

Landsat imagery with a 30 m spatial resolution is well suited for characterizing landseaptrest

structure and dynamics. While Landsat images have advantageous spatial and spectral characteristics
for describing vegetation properties, the Landsats@'s revisit rate, or the temporal resolution of the

data, is 16 days. When considering that cloud cover may impact any given acquisition, this lengthy revisit
rate often results in a dearth of imagery for a desired time interval (e.g., month, gronisgrseor

year) especially for areas at higher latitudes with shorter growing seasons. In contrast, MODIS
(MODerateresolution Imaging Spectroradiometer) has a high temporal resolution, covering the Earth

up to multiple times per day, and depending on tipestral characteristics of interest, MODIS data have
spatial resolutions of 250 m, 500 m, and 1000 m. By combining Landsat and MODIS data, we are able to
capitalize on the spatial detail of Landsat and the temporal regularity of MODIS acquisititms.

research, we apply and demonstrate a data fusion approach (Spatial and Temporal Adaptive Reflectance
Fusion Model, STARFM) at a mainly coniferous study area in central British Columbia, Canada.
Reflectance data for selected MODIS channels, all of whioh rgeampled to 500 m, and Landsat (at 30

m) were combined to produce 18 synthetic Landsat images encompassing the 2001 growing season
(May to October). We compared, on a charbgichannel basis, the surface reflectance values

(stratified by broad land ager types) of four real Landsat images with the corresponding closest date of
synthetic Landsat imagery, and found no significant difference between real (observed) and synthetic
(predicted) reflectance values (mean difference in reflectance: mixed faresd.086, = 0.088,

broadleafE = 0.019, = 0.079, coniferouk = 0.039, = 0.093). Similarly, a pixel based analysis shows

that predicted and observed reflectance values for the four Landsat dates were closely related’{mean

= 0.76 for theNIR bandr?= 0.54 for the red band® <0.01). Investigating the trend in NDVI values in
synthetic Landsat values over a growing season revealed that phenological patterns were well captured;
however, when seasonal differences lead to a change in laner ¢be., disturbance, snow cover), the
algorithm used to generate the synthetic Landsat images was, as expected, less effective at predicting
reflectance.

Satellite ImageryPhenologyMODIS

Hilker, T., Coops, N. C., Gaulton, R., Wulder, M. A, Cranston, J., & Stenhouse, G. B.ERO44kly
disturbance capture and attribution: case study in western Alberta grizzly bear habilaurnal of
Applied Remote Sensa) 5(1), 053568https://doi.org/10.1117/1.3664342

An increasing number of studies have demonstrated the impact of landscape disturbance on
ecosystems. Satellite remote sensing can be used for mappinglzisites, and fusion techniques of
sensors with complimentary characteristics can help to improve the spatial and temporal resolution of
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satellite-based mapping techniques. Classification of different disturbance types from satellite
observations is diffidty yet important, especially in an ecological context as different disturbance types
might have different impacts on vegetation recovery, wildlife habitats, and food resoMies.

demonstrate a possible approach for classifying common disturbance typasdnys of their spatial
characteristicsFirst, landscape level change is characterized on a near biweekly basis through
application of a data fusion model (spatial temporal adaptive algorithm for mapping reflectance change)
and a number of spatial and tgroral characteristics of the predicted disturbance patches are inferred.

A regression tree approach is then used to classify disturbance events. Our results show that spatial and
temporal disturbance characteristics can be used to classify disturbancésenin an overall accuracy

of 86% of the disturbed area observed. The date of disturbance was identified as the most powerful
predictor of the disturbance type, together with the patch core area, patch size, and contiguity.

Landsat MODISGIS ApplicatigniChange DetectigrDisturbanceMap ProductForest Harvest

Gaulton, R., Hilker, T., Wulder, M. A., Coops, N. C., & Stenhouse, G. (ZHdracterizing stand
replacing disturbance in western Alberta grizzly bear habitat, using a satetliéeived high temporal
and spatial resolution change sequendeorest Ecologand Management, 26(), 865877.
https://doi.org/10.1016/j.foreco.2010.12.020

Timely and accurate mapping of anthropogenic and natural disturbance patterns can be used to better
understand the ature of wildlife habitats, distributions and movements. One common approach to map
forest disturbance is by using high spatial resolution satellite imagery, such as Landsat 5 Thematic
Mapper (TM) or Landsat 7 Enhanced Thematic Mapper plus (ETM+) imagained at a 30m spatial
resolution. However, the low revisit times of these sensors acts to limit the capability to accurately
determine dates for a sequence of disturbance events, especially in regions where cloud contamination
is a frequent occurrencés wildlife habitat use can vary significantly seasonally, annual patterns of
disturbance are often insufficient in assessing relationships between disturbance and foraging behaviour
or movement patterns. The Spatial Temporal Adaptive Algorithm for maefigctance Change
(STAARCH) allows the generation of sgatial (30m) andtemporal (weekly or biveekly) resolution
disturbance sequences using fusion of Landsat TM or ETM+ and Moderate Resolution Imaging
Spectroradiometer (MODIS) imageithe STAARGHYgorithm is applied here to generate a disturbance
sequence representing starréplacing events (disturbances over 1 ha in area) for the period 2001

2008, over almost 6 million ha of grizzly bear habitat along the eastern slopes of the Rocky Mduantains
Alberta. The STAARCH algorithm incorporates pairs of Landsat images to detect the spatial extent of
disturbances; information from the hieekly MODIS composites is used in this study to assign a date of
disturbance (DoD) to each detected disturbed area. Datestifhated disturbances with areas over 5

ha are validated by comparison with a yearly Landisasted change sequence, with producer's

accuracies ranging between 15 and 85% (average overall accuracy 62%, kappa statistic of 0.54)
depending on the size of thdisturbance event. The spatial and temporal patterns of disturbances

within the entire region and in smaller subsets, representative of the size of a grizzly bear annual home
range, are then exploreddisturbance levels are shown to increase later in tteeving season, with

most disturbances occurring in late August and September. Individual events are generally small in area
(<10 ha) except in the case of wildfires, with, on average, 0.4% of the total area disturbed each year. The
application of STAARCFbpides unique high temporand spatial resolution disturbance information

over an extensive area, with significant potential for improving understanding of wildlife habitat use.

Change DetectigrGIS ApplicatigrForest HarvestLandsat MODISLandscape Monitoring-orestry
Disturbance
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White, J. C., Wulder, M. A., Gomez, C., & Stenhouse, G. (28Mistory of habitat dynamics:
Characterizing 35 years of stand replacing disturbanCanadian Journal of Remote Sensing, 37(2),
234¢251. https://doi.org/10.5589/m11-034

Landscape change, specifically habitat loss and modification, is thought to have an impact on the health,
productivity, distribution, and survival of grizzly beddsqus arctos..). Although grizzly bears may
preferentially seek out areas of anthropogenic disturbances for foraging opportunities, research has
found that grizzly bears experience greater mortality in these areas as a result of increased human
access. Additional irghts on the location and rates of anthropogedicven landscape change are

required to better understand related impacts upon grizzly belarghis study, a time series of 14

Landsat MSS, TM, and ETM+ images were used to retrospectively document atify djoe rate of

landscape change over a-§86ar period from 1973 to 2008 in a 13 50w analysis area in western

Alberta, CanadaThe study area is located within a larger region that contains the highest density of
grizzly bears in Alberta and has esipaced increasingly intensive forest harvesting and oil and gas
exploration activities during this period. To accommodate the differing spectral channels from MSS to
TM/ETM+ sensors, the arctangent of the angle of the Tasseled Cap gre¢éoHiiegghtnesscomponents

was computed for each image year, with sequential image pairs differenced and a threshold applied to
identify standreplacing disturbance events. Results indicated that 11% of the analysis area experienced
some form of standeplacing disturbane (e.g., cutblocks, roads, oil and gas well sites, seismic lines,
power lines, pipelines, blowdown) between 1973 and 2008.The greatest proportion of this change (by
area) occurred between 2004 and 2006 (24%), while the lowest proportion occurred betwe@mag

2001 (2%). Although the number of change events has fluctuated over time, with a minimum of 2888
change events between 1976 and 1978 (2%) and a maximum of 36 623 change events between 2004
and 2006 (29%), the mean size of change events has decreasetime: prior to 1995, mean event

size was greater than 1.5 ha; after 1995, it was less than 1.5 ha. The annual rate of change was greatest
between 2004 and 20061(.25%), and lowest between 1981 and 1990D04%). Consideration of

changes within theantext of units relevant to grizzly bear management (i.e., grizzly bear watershed

units and core or secondary habitat areas) indicate that the amount and rate of change was not spatially
or temporally uniform across the study area. While the average chamget size has decreased over

time, the increasing number of change events has resulted in a larger aggregate area of change in more
recent years. Landsat imagery provided a laagea, synoptic, and consistent characterization of 35

years of standepladng disturbance in our study area, providing information that enables an improved
understanding of the complex interactions between grizzly bear distribution, abundance, health,
survival, and habitat.

Change DetectigrLandsat Disturbance

Linke, J., & McDermid, G. J. (201®)onitoring landscape change in multise westcentral Alberta,
Canada using the disturbandaventory framework Remote Sensing of Environment, 125, £124.
https://doi.org/10.1016/j.rse.2012.07.011

Human disturbances are a major driver of biodiversity declines weoide, and the intensely used
Alberta forest landscape is no exception to this trend.nilaring of such large areas is typically
conducted via multtemporal landcover maps from remote sensing, but automated and efficient
procedures for reliable, operational applications have yet to be fully developed. In an effort to
contribute to this ned, we developed an innovative approach to landscape monitoring: the
disturbanceinventory framework, which is applied for the first time as described here to monitor
annual changes in an 88&n° multi-use landscape in wesentral Alberta, Canad&Jsing his
framework we (1) report on the spatitemporal distribution of industrial disturbances such as
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harvesting cutblocks, oil and gas wells, coal mines, and road/pipelines; and (2) track the associated
annual changes in lartbver composition and configuian between 1998 and 2005. To enable

spatially explicit analyses within the study area, we divided it into 178n#3%quare landscapeells.

The overall arednased annual rate of change of 0.62% for this rugeé may be considered moderate
compared toother regions, where change was mainly shaped by a single use, i.e., forestry. However, the
spatially explicit nature of our analysis reveatbdt the eastern half of the study area is subject to
considerably higher rates of change, mainly due to the ameat appearance of disturbances from

forestry and the oil and gas industry. Tlwestern half, by contrast, is more restricted by rugged terrain

and fewer roads. The average distance to disturbance features across the entire study area decreased
from 1500 m to 1200 m over the seven years. Total forest area, mean and largest pateimdizeean

shape index all decreased consistently over the same period. The detected rapid change and associated
fragmentation call for ongoing monitoring of this and other mule landscapes, which could be
undertaken using this framework.

Forestry LandcoverGIS ApplicatiarChange DetectigrRemote Sensin@iland Gas Roads
DisturbanceLandscape Monitoring

White, C. F. H., Coops, N. C., Nijland, W., Hilker, T., Nelson, T. A., Wulder, M. A., Nielsen, S. E., &
Stenhouse, G. (2014&haracterizing a Decade of Disturbance Events Using Landsat and MODIS
Satellitelmagery in Western Alberta, Canada for Grizzly Bear Managem@anadian Journal of
Remote Sensing, 40(5), 38®847. https://doi.org/10.1080/07038992.2014.987082

Mapping and quantifying the areand type of disturbance within forests is critical for sustainable forest
management. Grizzly bedd(sus arctoshave large home ranges and diverse habitat needs and as a
result, information on the extent, type, and timing of disturbances is importarthitnresearch we

apply a remotesensingbased disturbance mapping technique to the southeastern extent of a grizzly
bear rangeWe apply a data fusion approach with MODIS 250 m and Landsat 30 m spatial resolution
imagery to map disturbances biweekly fr&f01- 2011 A regression tree classifier was applied to
classify the disturbance events based on spatial and temporal characteristics. Fire was attributed as a
disturbance based on a national fire database. Results indicate that across the 180?&2idy area,
4,603km? of forest were disturbed over the past decade (26@D11), impacting 0.35% of the study

area annually. Overall, 68.7% of the disturbance events were attributed to forest harvest, followed by
well sites 13.4%, fires 9.3% and road depsient, 8.6%. Primary source habitat contained 3.8% of
disturbed land, and primary sink areas had 5.9% disturbed land. Our findings quantify habitat change,
which can aid managers by identifying significant areas for grizzly bear conservation.

Landsat MODISDisturbanceManagement Areg, ForestryOiland Gas Roads

Bourbonnais, M. L., Nelson, T. Atenhouse, G. B., Wulder, M. A., White, J. C., Hobart, G. W.,
Hermosilla, T., Coops, N. C., Nathoo, F., & Darimont, C. (2@h&racterizing spatiaiemporal
patterns of landscape disturbance and recovery in western Alberta, Canada using a functiatsl
analysis approach and remotely sensed daEcological Informatics, 39, 14050.
https://doi.org/10.1016/j.ecoinf.2017.04.010

Landscape regionalization approaches are frequently used to suirenand visualize complex spatial
patterns, environmental factors, and disturbance regimes. However, landscapes are dynamic and
contemporary regionalization approaches based on spatial patterns often do not account for the
temporal component that may prade important insight on disturbance, recovery, and how ecological
processes change through timEhe objective of this research was to quantify spatial patterns of
disturbance and recovery over time for use as inputs in a regionalization that charestenizjue
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spatialttemporal trajectories of disturbance in western Alberta, Candtiamulative spatial patterns of
disturbance, representing the proportion, arrangement, size, and number of disturbances, and adjusted
annually for spectral recovery, were quéied in 223 watersheds using a Landsat time series dataset
where disturbance events are detected and classified annually from 1985 to 2011. Using a functional
data analysis approach, disturbance patterns metrics were modelled as curves and scores from a
functional principal components analysis were clustered using a Gaussian finite mixture model. The
resulting eight watershed clusters were mapped with mean curves representing the temporal trajectory
of disturbance. The cumulative mean disturbance patteetric curves for each cluster showed
considerable variability in curve amplitude which generally increased markedly in thRE3®3s, while

curve amplitude remained low in parks and protected areas. A comparison of mean curves by
disturbance type (e.gfires, harvest, norstand replacing, roads, and wsiltes) using a functional

analysis of variance showed that anthropogenic disturbance contributed substantially to curve
amplitude in all clusters, while curve amplitude associated with natural distedsawas generally low.
These differences enable insights regarding how cumulative spatial disturbance patterns evolve through
time on the landscape as a function of the type of disturbance and rates of recovery.

DisturbanceGIS Applidéon; Forestry Oiland Gas RoadsLandsat

Kearney, S. P., Coops, N. C., Sethi, S., & Stenhouse, G. B. (d@R0aining accurate, current, rural
road network data: An extraction and updating routine using RapidEye, participatory GIS and deep
learning International Journal of Applied Earth Obsration and Geoinformation, 87102031.

https:// doi.org/10.1016/j.jag.2019.102031

Accurate and current road network data is fundamental to land management and emergency response,
yet challenging to produce for unpaved roads in rural and forested regions using traditional cartographic
approaches. Automat extraction of roads from satellite imagery using deep learning is a promising
alternative gaining increasing attention, however most efforts have focused on urban paved roads and
used very high spatial resolution imagery, which is less frequently bleafta rural regions.

Additionally, road extraction routines still struggle to produce a fodlgnected, vectorized road

network. In this study covering a large forested area in Western Canada, we developed and evaluated a
routine to automatically extracunpaved road pixels using a convolutional neural network (CNN), and
then used the CNN outputs to update a meisting government road network and evaluate if and how

it would change To cover the large spatial extent mapped in this study, we trainedathigne using
moderately highresolution satellite imagery from the RapidEye constellation and a grtnurtial

dataset collected with smartphones by organizations already operating and driving in the region.
Performance of the road extraction was compasgata results achieved by others using very high
resolution imagery; recall accuracy was®@, and precision was 88.%. Using our approach to

update the preexisting road network would result in both removals and additions to the network,
totalling over1250 km, or about 20 % of the roads previously in the network. We discuss how road
density estimates in the study area would change using this updated network, and situate these changes
within the context of ongoing efforts to conserve grizzly bears, waretisted as a Threatened species

in the region. This study demonstrates the potential of remote sensing to maintain current and accurate
rural road networks in dynamic forest landscapes where new road construction is prevalent, yet roads
are also frequetly de-activated, reclaimed or otherwise not maintained.

Rapidgye, GIS ApplicatiorRoads Satellite Imagery
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LANDSCAP&IRUCTURE

Selected Sample of Real Landscapes
a) Pre-cutline Habitat Map

b) Post-cutline Habitat Map
/A Foothills Zone
Grizzly Bear Study Area
Selected Landscapes
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Figure6. Selected sample of real landscapes showing (afptlene and (b) postutline representations of the grizzly bear land
cover mapFigure from Linke et al. 2008. 26.

Here, we look at finer scale classification, no longer focusing on broad scale habitat type but
determining forest structure.

Waunderle, A. L., Franklin, S. E., & Guo, X. G. (20R&yenerating boreal forest structure estimation
using SPO®% pansharpeed imagery International Journal of Remote Sensing, 28(19), 435364.
https://doi.org/10.1080/01431160701244849

Forested stand structure is an important target variable within the fields of feildiology. Remote
sensing has often been suggested as a viable alternative to time consuming field and aerial
investigations to determine forest structural attributds. this study, 44 stands of recently harvested,
regenerating, and old growth forest Wi the Foothills Model Forest in weséntral Alberta were
selected to test the ability of pasharpened SPGH spectral response to classify stand structiuker

each stand, a Structural Complexity Index (SCI) was calculated from field data usinglprincip
components analysis. To complement the spectral response data set and further increase accuracy, the
normalized difference moisture index (NDMI) and three window sizes (5 x 5, 11 x 11, and 25 x 25) of
first- (mean and standard deviation) and secemder (homogeneity, entropy, contrast, and correlation)
textural measures were calculated over the getvarpened image. Stepwise multivariate regression
analysis was used to determine the best explanatory model of the SCI using the spectral and textural
data. The NDMI, firsbrder standard deviation and secowmdder correlation texture measures were
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better able to explain differences in SCI among the 44 forest stahd€(79). The most appropriate

window size for the texture measures was 5 x 5 indicating tthia is a measure only detectable at a

very high spatial resolution. The resulting classified SCI values were comparable to the actual field level
SCI?=0.74p =0.01) and were limited by the strong variability within stands. Future research nthy fin
this measure useful either as a separate parameter or as an indicator of forest age for use in wildlife
habitat modelling.

Forest StructureSPO[TSatellite Imagery

McLane, A. J., McDermid, G. J., & Wulder, M. A. (20B®)cessing discreteeturn profiling LIiDAR data
to estimate canopy closure for largarea forest mapping and managementanadian Journal of
Remote Sensing, 38), 217%229. https://doi.org/10.5589/m09-009

We performed a series of empirical experiments designed to refine the processing of disitete
profiling light detection and ranging (lidar) data for the purpose of estimating canopyrel@cross a
broad range of forest conditions in weséntral Alberta, Canad& he following three methodological
conclusions were obtained: (i) a new krsegment method based on the ratio of overstory segment
distance to total distance outperformed alnative pointcount techniques described previously in the
literature; (ii) an absolute overstomynderstory threshold of 1.4 m generated the best models overall
and appeared to extend well across a range of forest types; and (iii) stratification bgsspeniposition
(hardwood, softwood, and mixedwood) or moisture regime (upland and wetland) was of little influence
in alternate models, suggesting good portability of these methods across a broad variety of forest
conditions. A k = n crosalidation apprach produced an average root mean square error (RMSE) of
7.2% for the best model with no systematic bias. In addition to contributing to the identification of
sound methodological practices, these results successfully reconciled the conceptual differences
between canopy closure, measured through the use of grelaskd optical tools, and canopy cover,
captured remotely with lidar, revealing a direct linear relationship between the two attributes.

Lidar, Forest StructureHabitat Mapping

Linke, J., Franklin, S. E., HaByer, M., & Stenhouse, G. B. (200Bjfects of cutline density and lard
cover heterogeneity on landscape metrics in western Alber@anadian Journal of Remoensing,
34(4), 39;404. https://doi.org/10.5589/m08-034

Forest cutlines are narrow, linear features created in geophysical surveys. In many areas of Canada,
forest cutlines are not consistently detected ugirelatively coarse spatial resolution landver maps,

such as those produced by classification of Landsat Thematic Mapper (TM) imagery. However, such
features may be important in certain wildlife management applications, including those which require
anassessment of landscape structure, or forest fragmentation, at various scales. Higher spatial
resolution satellite imagery obtained from sensors on platforms such as Satellite Pour I'Observation de
la Terre (SPOT) and the Indian Remote Sensing (IRS) syajebe used to map forest cutlines for these
applicationsln this study, a TMbased lanecover map of western Alberta is analyzed with forest

cutlines mapped from a TNRS fusion image, and the effect of increasing cutline density is quantified on
five @ommonly used landscape metrics used to characterize landscape structure in grizzly bear habitat
assessmentThe accuracy of the fusion image interpretation was determined to be 88%. Simulated
landscapes were tested first, and the study area was dividedlioft hexagoishaped sample

landscapes of about 6 km diameter each. Across these sample landscapes, cutline density and initial
landscape heterogeneity were significant parameters in explaining change in three metrics, namely edge
density, mean patch sizand patch context (expressed as mean nearesghbour distance). Patch size
variability (expressed as the coefficient of variation of mean patch size) and patch dispersion (expressed
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as the coefficient of variation of mean nearesighbour distance) ragjred additional information on

cutline positioning. Overall, the density of the introduced cutline network and thecptéine metric

value reliably predicted and quantified the response of landscape metrics of interest to grizzly bear
biologists. This sdy shows the importance of mapping forest cutlines regarding their role in changing
landscape structure quantification and points out the necessity of using additional remotely sensed data
when the feature responsible for the landscape transformatiorf ivo small a size to appear reliably in
common TMbased classified imagery.

Oiland Gas SPO;TLandsatIndianRemote Sensindisturbance Landcover

Woulder, M. A., Stewart, B. P., Andrew, M. E., Smulders, M., Nelson, T., Coops, N. C., & Stenhouse, G. B.
(2009).Remote sensing derived edge location, magnitude, and class transitions for ewalosfudies
Canadian Journal of Remote Sensing, 35(6),d822. https://doi.org/10.5589/m10-007

Regionally intensive human activities related to resource extraction (i.e., harvesting, oil and gas
extraction) are increasing the occurrence of edges found in some forested landscapes. Edges between
different land cover types represent important transition zones for abiotic and biotic processes.
However, boundary detection methods often identify edges solelyeéasof high contrast, such as
transitions between forest and neforest areas, and are insensitive to the relative contrast and
orientation of different transitions. Edge contrast and orientation can determine the magnitude and
even the occurrence of eamjical edge effects and should be measured to provide information on
landscape condition and habitat potential. Wombling was applied to the wetness component of a
tasselled cap transformation (TCT) of a Landsat scene acquired over a portion of the slagtesrof

the Rocky Mountains in Alberta, CanaBa.incorporating wombled edge contrast and orientation, and
edge class transition type obtained from a land cover dataset, the nature of all transitions between land
cover classes within the image was clwesized and quantifiedThe consistency between edges

identified by wombling and other common methods of edge delineation (such as spatial clustering) and
methods of edge quantification (such as landscape pattern indices, or LPIs) was also assessed. Land
cover transitions showed a broad range of edge contrast. Comparisons of edge contrast and the LPI edge
density showed a positive correlatiorf € 0.33); however, the strength of this relationship varied with

the dominant land cover type (e.g?=0.016for broadleaf open forest to* =0.48 for dense coniferous
forest). Stratifying edge contrast to higher values (k#&.standard deviation) increased agreement with
edge density, indicating that the LPI is preferentially relating high contrast edgestuithy

demonstrates how unique edge characteristics may be generated from a remotely sensed continuous
variable (TCT wetness). This knowledge of the location, magnitude, and class transitions found at edges
provides insights into the nature of the edgdesits and enables the development and testing of
hypotheses informing wildlife habitat use and selection.

Edge Landsat Forest StructureDisturbance

He, Y., Frankt, S. E., Guo, X., & Stenhouse, G. B. (2008j)row-linear and smaHarea forest
disturbance detection and mapping from high spatial resolution imagedpurnal of Applied Remote
Sensing, 8l),033570.https://doi.org/10.1117/1.3283905

Widespread disturbance has brought a large amount of naflioear and smalarea disturbance

features (e.qg., trails, seismic lines, forest roads, well sites, and cut blocks) to forest areas throughout the
past decade. Thiissue has prompted research into finding the appropriate data and methods for
mapping these narrovinear and smallarea disturbance features in order to examine their impacts on
wildlife habitat. In this paper, we first described the characteristicenwdll forest disturbances and
presented the nature of problen¥We then presented a framework for detecting and extracting narfrow
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linear and smalarea forest disturbance featureblsing a SPOT 5 high spatial detail image and existing
GIS databases, we dpmal the framework to map narrosinear and smalarea forest disturbance
features in a Bear Management area (BMA) in the eastern slopes of the Rocky Mountains in Alberta,
Canada. The results indicated that the proposed framework produced accurate disterbeaps for cut
blocks, and forest roads & trails. The high errors of omission in the cut lines map were attributed to
inconsistent geometric and radiometric patterns in the 'rareged’ or 'old' cut lines. The study
confirmed the feasibility of rapidlypdating incomplete GIS data with linear and sraadla disturbance
features extracted from high spatial detail SPOT imagery. Future work will be directed towards
improvement of the framework and the extraction strategy to remove a large amount of spurious
features and to increase accuracy for cut lines mapping.

Forest StructureGIS ApplicatiarSPOTRoadsOiland Gas RecreationForestry

He, Y., Franklin, S. E., Guo, X., & Stenhouse, G. B. (2DhjEctoriented classification of multi
resolution images for the extraction of narrow linear forest disturbande@emote Sensing Letters, 2(2),
147¢155. https://doi.org/10.1080/01431161.2010.504755

Narrow linear forest disturbances (e.g. seismic cut lines) have been found to have significant effects on
wildlife habitat and biodiversity (e.g. species richmiaad abundance). A great deal of seismic cut lines is
created in oil and gas exploration in natural forest areas every year. Accurate mapping of seismic cut
lines can therefore contribute to a better understanding of wildlife habitat and biodiversity eMeny
previous studies have indicated that seismic cut lines were fairly difficult to detect and map even with
the available higtspatial resolution imagery (e.g. Satellite Pour I'Observation de la Terre, SPOT 5).
Recent progress in feature segmentatiordaxtraction software, such as Definiens Developer 7.0, has
enhanced remote sensing capabilities, with the promise of being able to automate Tad&study
investigated the imagery (high resolution or very high resolution) best suited for extractgmgiseiut

lines using a set of rules and mtritisolution objectoriented classification methodd he data used

include SPOT 5 and QuickBird multispectral images and existing Geographic Information System (GIS)
databases within one bear management area (BinAhe eastern slopes of the Rocky Mountains in
Alberta. Results indicated that among the available algorithms in the Definiens Developer 7.0 package,
the Lee sigma algorithm was capable of highlighting cut lines using thenieaed (NIR) band of the

SPOT 5 image and the QuickBird image. The-neglbilution segmentation was able to segment fresh

cut lines when giving higher weight to the Lee sigma edge extraction layer, and the neaigsbour
objectoriented classifier was able to classify linézatures, but with noise. Classification accuracy
increased following the postlassification refinement processing. The accuracy assessment indicated
that, in the case of delineating fresh cut lines, the higher resolution QuickBird image performed better
than SPOT 5. However, neither the QuickBird image nor the SPOT 5 image could accurately delineate
relatively old cut lines.

SPOTQuickBird GIS Applicatigr-orestStructure Oiland Gas

Parsons, B. M., Coops, N. C., Stenhouse, G. B., Burton, A. C., & Nelson, T. A Bailddy a
perceptual zone of influence for wildlife: delineating the effects of roads on grizzlyrbeavement
European Journal of Wildlife Research, 66(4Q16. https://doi.org/10.1007/s10344-020-013901

To monitor the extent and impact of human disturbances on landscapes and wildlife, managers often
estimate zones of influence. Traditionally, zones of influence have been defined with constant width
buffers around a disturbance; however, the importancenabrporating variation in landscape contexts
and species responses is increasingly recognized. One way to better develop and apply these zones of
influence is to understand the mechanisms of animal response to disturbance by examining their
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sensory detedgon. We explored the role of perception in wildlife responses to disturbances using a case
study with grizzly beardJgsus arctopand roads in Alberta, Canad2ur objectives were, first, to model
viewsheds and soundscapes around roads and, second, ¢ondiete the effect of road perception on
grizzly bear movement patterns and build contspecific zones of influence for grizzly bears around
roads Results indicate that zones of influence varied widely between the standard buffer approach and
our novel gproach based on animal perception. In addition, response distances of bears to roads were
greater in areas where roads were perceptible than areas where roads were imperceptible. Estimating a
perceptual zone of influence allows managers to prioritize sfeamitigating human disturbances. Our
methods may be applied to new disturbances, areas, and species. We recommend measures of
perception be used to create more biologically and geographically relevant zones of influence for
wildlife.

DisturbanceGIS ApplicatiarForestry Forest Structure_idar Roads

VEGETATIONISTRIBUTION

Figure?7. Two project grizzly bears forage on the edge ofitblock Roads and cutblocks are both associated with abundant
grizzly bear foods.

These studies describe research into thetors contributing to thespatial distribution of grizzly bear
food resourcesmainly vegetation
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Nielsen, S. E., Munro, R. H. M., Bainbridge, E. L., Stenhouse, G. B., & Boyce, M. S@a88¥)bears
and forestry Il. Distribution of grizzly bear foods in clearcuts of wesntral Alberta, CanadaForest
Ecology and Managemenfl99(1), 6¢82. https://doi.org/10.1016/[.foreco.2004.04.015

We assessed the occurrence and fruit production of 13 grizzly bear foods htevestl Alberta,

Canada, to better understand use @&arcuts by grizzly bear€omparisons were made between

clearcuts and upland forest stands, while specific models describing food or fruit occurrence within
clearcuts were developed from canopy, clearcut age, scarification, and teelaied variablesising

logistic regression. Antgquisetunspp.,Hedysarunspp., Taraxacum officinalelrifoliumspp., and
Vaccinium myrtilloidesccurred with greater frequency in clearcuts, whilecaespitosunV.
membranaceumandV. vitisidaeawere more likely to occur in upland forests. No differences were
evident forArctostaphylos uvarsi, Heracleum lanatum, Shepherdia canadensisl ungulate pellets,

an indicator of ungulate abundance. Mechanical scarification negatively impacted theetmiofA.
uvaursi, Hedysarurmspp., andS. canadensisvhile weaker effects were apparent for ants and ungulate
pellets. In contrast, the occurrence daraxacum officinaland Trifoliumspp. were greater in scarified
clearcuts. Age of clearcut or canopover was well correlated with the occurrence of most foods. For
some species, however, terragerived variables predicted occurrence best. Fit and model classification
accuracy using independent data proved good for most species. Patterns of fruitesemiwere

related to canopy cover, with little support for other environmental covariates. In total, average fruit
production for six frutbearing species was estimated at 22.9 kg/ha for clearcuts and 32.3 kg/ha for
forests, a nonsignificant differene and generally less than that reported elsewhere in grizzly bear
range.V. caespitosurandV. membranaceum compléad higher fruit production in clearcuts, while
vitisidaeahad greater fruit production in forests. No difference in fruit productiotmen clearcuts

and forests was evident for the remaining species. Overall, we found that clearcuts provided a diverse
array of food resources for grizzly bears, particularly roots and tubers, herbaceous materials, and ants.
Although fruit production wasimilar between clearcuts and forests, the occurrence of other food
resources likely explains the seasonal use of clearcuts by grizzly bears. We suggest that forest design and
silviculture consider strategies that maximize grizzly bear food abundance,mihil@izing human

access. Further enhancement of foods negatively impacted by silvicultural treatments may be required.

Forestry Food Silviculture

Roever, C. L., Boyce, M. S., & Stenhouse,. @®9. Grizzly bears and forestry I: Road vegetation and
placement as an attractant to grizzly bearfSorest Ecology and Management, 256(6), 125361.
https://doi.org/10.1016/j.foreco.2008.06.040

Today's growing demand for timber is increasing road development in once roadless forest ecosystems.
Roads create both local changes in plant communities and landdeaplechanges in forest

connectivity. Roadalso increase human access, which can be detrimental to species such as grizzly
bears. Because most grizzly bear mortalities occur near roads, we examined grizzly bear attractants near
roads, which could increase bear use of roadsides and consequemdgasechuman/grizzly bear
interactions.We measured the prevalence of 16 grizzly bear foods near roads and examined patterns in
road placement to better understand use of roaded habitats by grizzly bears irceetsal Alberta\We

found that roadsides had higher frequency of ant&€quisetunspp., Taraxicum officinaleT rifolium

spp., graminoids, and sedges; wherdatgrior forest stands had a higher frequencySifepherdia
canadensisVaccinium myrtilloides/. vitisidaea and ungulate pellets, an irgdtor of ungulate

presence. In addition, roads near water had a greater occurrengectdstaphylos uvarsiand

Equisetunspp. than roads not near water, indicating that road placement influenced bear food

diversity. Patterns in road placement varied Wween the upper and lower foothills, although models for
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the lower foothills predicted road placement in both regions. In the lower foothills, roads were
constructed at low elevation, low soil moisture, high sun exposure, and intermediate terrain ruggedness
possibly similar to sites selected by bears. Reducing grizzly bear foods near roads should involve
decreasing the width of roadside ditches, banning the planting of cldvéoljumspp.), and

reevaluating road placement in areas with high grizzly easity.

Roads Forestry Food Vegetation

Nijland, W., Nielsen, S. E., Coops, N. C., Wulder, M. A, & Stenhouse, G. B. Z0&4patial scale
predictions of understory species usirdimate- and LiDARJerived terrain and canopy metrics
Journal of Applied Remote Sensing1§ 083572 https://doi.org/10.1117/1.JRS.8.083572

Food and habitat resources are critical componentwitdlife management and conservation efforts.
The grizzly beatJfsus arctoghas diverse diets and habitat requirements particularly for understory
plant species, which are impacted by human developments and forest management actiVéiese

light detection and ranging (LIDAR) data to predict the occurrence of 14 understory plant species
relevant to bear forage and compare our predictions with more conventional climatéland cover
based modelsWe use boosted regression trees to model each of theriderstory species across 4435
km? using occurrence (preseneabsence) data from 1941 field plots. Three sets of models were fitted:
climate only, climate and basic land and forest covers from Landsat iBagery, and a climatend
LiDARderived modelescribing both the terrain and forest canopy. Resulting model accuracies varied
widely among species. Overall, 8 of 14 species models were improved by including thel&iDadR
variables. For climatenly models, mean annual precipitation and fréiste periods were the most
important variables. With inclusion of LiDABrived attributes, deptio-water table, terrain

intercepted annual radiation, and elevation were most often selected. This suggests thatéilee

terrain conditions affect the distriltion of the studied species more than canopy conditions.

Food Lidar $ecieDistributionModels Vegetation

Larsen, T. A., Nielsen, S. E., Cranston, &tehahouse, G. B. (201990 remnant retention patches and
forest edges increase grizzly bear food supph&trest Ecology and Management, 433, ¢Z61.
https://doi.org/https://doi .org/10.1016/j.foreco.2018.11.031

Grizzly bears should benefit from forest harvesting strategies that emulate patterns of natural
disturbance, such as wildfire, presumably because of increased foraging opportunities associated with
open and edge habitat§everal studies have linked early seral habitats associated with natural and
anthropogenic disturbances to increased food supply for grizzly bear. However, few have quantitatively
evaluated whether food supply is higher along forest edges, particulargsecigated by different

forest harvesting strategies such as structure retentidare we tested whether grizzly bear food supply
was: 1) more common/abundant along forest harvest (cutblock) edges; 2) similar between undisturbed
forest matrix (uncut) undisirbed forest remnants (i.e., retention patches) that were situated within

forest harvests; and 3) similar in terms of responses relative to retention and forest harvest €dges.
address these questions, we measured the distribution and abundance oflydartl food resources

used by grizzly bears along edge distance gradients associated with to three forest treatments (cutblock,
uncut forest, and retention patch) in Alberta, Canada. & used information theory to compare

models and evaluate supportiféactors. We found that blueberry/accinium membranaceury.

myrtilloides andV. vitisidaea) shrubs, which are known to be sensitive to mechanical damage and soil
disturbance from harvest and pekarvest site preparation, were more common/abundarar young (

X Hn @SIENBRUO F2NBal SkESidad)shraby, BogsetdEs disetim akkndelJo S NNE
and cow parsnipHeracleum lanaturi; which are known to be positively associated with soil

The Environmental Context/egetation
Distribution 31

(fR1) ‘ fRI Research

g Land & Resource Management

0


https://doi.org/10.1117/1.JRS.8.083572
https://doi.org/https:/doi.org/10.1016/j.foreco.2018.11.031

TWO DECADES OF SCIENCE TO PROVIDE KNOWLEDGE AND PLANNING TOOLS TO ENSURE THE LO
TERM CONSERVATION OF GRIZZLY BEARS IN ALBERTA.

disturbance, were generally more common/abundamiay from forest edges. Blueberry, fruit

production was highest at forest harvest edges and lowest in older cutblocks, as well as retention
patches, which we showed contained fewer lodgepole pRiays contortatrees and more deciduous
species. These relis support the contention that understory disturbance, environmental conditions
(e.g. light availability), and forest tree species composition could explain our research findings. As part of
standevel prescriptions, we recommend that forest managensseder maintaining uncut forest

adjacent to cutblocks for up to 20 years ptstrvest, and create more and smaller retention patches to
increase the amount of forest edge. We also recommend that criteria be developed for selecting the
spatial location ofdrest edges and retention patches such that blueberry shrubs are common/abundant
in the undisturbed forest. This research demonstrated that forest harvesting strategies can increase
food supply for grizzly bears and thus support recovery efforts of toigipeially threatened species.

Edge Forestry Natural Disturbance~ood Vegetation Forest Structure

Souliere, C. M., Coogan, S. C. P.nBtaise, G. B., & Nielsen, S. E. (202grvested forests as a
surrogate to wildfires in relation to grizzly bear foedupply in westcentral Alberta.Forest Ecology
and Management, 456, 117685ttps://doi.org/10.1016/j.foreco.2019.117685

Grizzly bear\rsus arctospopulations residing in interior ecosystems of North America are known to
frequent harvested areas and areas burnt by wildfires, as both disturbances encourage growth of early
seralvegetation preferred by them. This is especially evident in places where there is a paucity of large
natural openings and areas with a long history of wildfire suppression, such as the foothill forests of
west-central Alberta. Little has been done, howeyvtr directly quantify and compare grizzly bear feod
supply in both disturbance types and at early stages of forest regenerdtionis paper, we explore
whether harvested areas can act as surrogates to wildfires for grizzly beastippdly in westentral

Alberta, Canadae sampled known fruibearing and herbaceous grizzly bear foods for their
occurrence, productivity, and digésle energy supply among pobkarvest, posffire, and mature forests
disturbance types, and across very young (~5 yrs),y¢tB0 yrs), and mid (~60 yrs) agdasses for
post-harvest and posfire disturbances. A variety of foods occurred at greater frequency intparstest
stands, with the occurrence of most foods explained by the main effects of disturbance anthagjeo

in combination with one environmental covariate. Overall, fruit productivity and digestible energy from
fruits were highest in the young agéass, whereas forb productivity and digestible energy from forbs
were highest in the very young ag&ass. Thergvere no significant differences in total available

digestible energy (fruit+forb) between pebkarvest and posfire stands within any agelass, but

significant differences were evident between aglasses. These results suggest that harvested areas can
potentially act as a surrogate to wildfires in relation to grizzly bear-fguply, but human access

remains a key challenge for harvests given their association with roads. We suggest that harvested areas
could be used as management tool to maintain ohance grizzly bear foeslipply and thus contribute

to population recovery efforts, especially in areas of wildfire suppression.

Forestry Food RoadsVegetation Nutrition
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PHENOLOGY AN IMATE

Figure8. Examples of phenology camera data, (a) RGB image, {(RRiGdex image, (c) Greap, (d) Senescence. Image from
Nijlandet al.2013 p.35.

In this section, technique®ttapture vegetation phenology and annual changes to grizzly bear habitat
based on climate are explored.

Hird, J. N., & McDermid, G. J. (200BIpise reduction of NDVI time series: An empirical comparison of
selected techniqguesRemote Sensing of Environmert13(1), 248258.
https://doi.org/10.1016/j.rse.2008.09.003

Satellitederived NDVI time series are fundamental to the remote sensing of vegetation phenology, but
their application is hindered by gvalent noise resulting chiefly from varying atmospheric conditions

and sunsensorsurface viewing geometried modetbased empirical comparison of six selected NDVI
time series noiseeduction techniques revealed the general superiority of the doublestmgand

asymmetric Gaussian functiditting methods over four alternative filtering techniquddowever,

further analysis demonstrated the strong influence of noise level, strength, and bias, and the extraction
of phenological variables on technique figmance. Users are strongly cautioned to consider both their
ultimate objectives and the nature of the noise present in an NDVI data set when selecting an approach
to noise reduction, particularly when deriving phenological variables.

MODISGIS ApplicatigriNDV] PhenologyTime Series

Bater, C. W., Coops, N. C., Wulder, M. A., Nielsen, S. E., McDermid, G., & Stenhouse, G. B. (2011).
Design and instiation of a camera network across an elevation gradient for habitat assessment
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Instrumentation Science & Technology, 39(3), 2347.
https://doi.org/10.1080/10739149.2011.564700

Developments imistributed sensing, web camera image databases, and automated data visualization
and analysis, among other emerging opportunities, have resulted in a suite of new techniques for
monitoring habitat at many different scales. Data from these networks cavige important

information on the timing of plant phenology with implications for habitat status and condiliotinis
article, we describe the design and deployment of a small network of cameras established along an
elevation gradient in western Albert&€anada, with the purpose of developing a more comprehensive
understanding of seasonal phenophases and the reproductive timing of understory forest vegetation
During an eightnonth period in 2009, over 6,700 images were acquired across seven siteshbubug
the growing season, providing a rich dataset documenting phenological activity of both the ender
overstory forest components. Strong elevation and climate responses were observed. A mathematical
function was fitted to the data to demonstrate tlwapacity to capture phenological trends. This article
demonstrates the utility of these types of relatively inexpensive, portable systems for monitoring
seasonal vegetation development and change at high temporal resolutions across landscapes.

Digital CamerasLandscape MonitoringTime SeriePhenology

Bater, C. W., Coops, N. C., Wulder, M. A., Hiker, T., Nielsen, S. E., McDermid, G., & Ste@hdsis
(2011).Using digital timelapse cameras to monitor speciespecific understorey and overstorey
phenology in support of wildlife habitat assessmerEnvironmental Moiitoring and Assessment, 180
1¢13. https://doi.org/10.1007/s10661-010-1768-x

Critical to habitat management is the understanding of not only the location of animal food resources,

but also the timing of their availability. Grizzly bedrqus arctopdiets, for example, shiieasonally as
different vegetation species enter key phenological phabethis paper, we describe the use of a

network of seven grountbased digital camera systems to monitor understorey and overstorey

vegetation within speciespecific regions of intest Established across an elevation gradient in

western Alberta, Canada, the cameras collected-tamur (RGB) images daily from 13 April 2009 to 27
October 2009. Fourtlorder polynomials were fit to an RGrived index, which was then compared to
field-based observations of phenological phases. Using linear regression to statistically relate the camera
and field dataresults indicated that 61%2= 0.61, df = 1= 14.3,p =0.0043) of the variance observed

in the field phenological phase data igptared by the cameras for the start of the growing season and

72% (2= 0.72, df = 1F= 23.09p =0.0009) of the variance in length of growing season. Based on the
linear regression models, the mean absolute differences in residuals between predictethserved

start of growing season and length of growing season were 4 and 6 days, respectively. This work extends
upon previous research by demonstrating that specific understorey and overstorey species can be
targeted for phenological monitoring in a BB8ted environment, using readily available digital camera
technology and RGBased vegetation indices.

Digital CamerasPhenologyTime Series

Coops, N. C., Hilker, T., Bater, C. W., Wulder, M. A., Nielsen, S. E., McDermid, G., & Stenhouse, G.
(2012).Linking groundbased to satellitederived phenological metrics in support of habitat
assessmentRemote Sensing Letters, 3(3), X2D0. https://doi.org/10.1080/01431161.2010.550330

Changes in the timing of plant phenology are important indicators of-ateual climatic variations and

are a critical driver of food availability and habitese for a range of species. A number of remote

sensing techniques have recently been developed to observe vegetation cycles throughout the year,
including the use of inexpensive visible spectrum digital cameras at the stand level and the use of high

The Environmental ContexPhenology and Climate 34

(fR1) ‘ fRI Research

g Land & Resource Management


https://doi.org/10.1080/10739149.2011.564700
https://doi.org/10.1007/s10661-010-1768-x
https://doi.org/10.1080/01431161.2010.550330

TWO DECADES OF SCIENCE TO PROVIDE KNOWLEDGE AND PLANNING TOOLS TO ENSURE THE LO
TERM CONSERVATION OF GRIZZLY BEARS IN ALBERTA.

temporal frequency Advanced Very High Resolution Radiometer National Oceanic and Atmospheric
Administration (AVHRR NOAA) and MODerate resolution Imaging Spectroradiometer (MODIS) imagery
at a satellite scale. A fundamental challenge with using satellite datadk plant phenology, however,

is the tradeoff between the level of spatial detail and the revisit time provided by the sensor, and the
ability to verify the interpretation of phenological activity. One way to address this challenge is to
integrate remotly sensed observations obtained at different spatial and temporal scales to provide
information that contains both high temporal density and fine spatial resolution observatiotisis

article, we compare measures of vegetation phenology observed froetveork of groundbased

cameras with satellitelerived measures of greenness derived from a fused broad (MODIS) and fine
spatial (Landsat) scale satellite data.3&% derive and compare three key indicators of phenological
activity including the start da of greenup, start date of senescence and length of growing season from
both a groundbased camera network and 30 m spatial resolution synthetic Landsat scenes. Results
indicate that although fieldbased estimates, generally, predicted an earlier stad end of the

vegetation season than the fused satellite observations, highly significant relationships were found for
the prediction of the startR¢ = 0.65), endR¢ = 0.72) and lengthR = 0.70) of the growing season across
all sites. We conclude thabme predictable bias exists however unlike visual field measures of the
collected data represent both a spectral and a visual archive for later use.

Digital CamerasMODISLandsat Phenology

Nijland, W., Coops, N. C., Coogan, S. C. P., Bater, C. W., Wulder, M. A, Nielsen, S. E., McDermid, G., &
Stenhouse, G. B. (2013)egetation phenology can be captured with digital repeat photaghy and

linked to variability of root nutrition in Hedysarum alpinumApplied Vegetation Science, 16(2), 317
324.https://doi.org/10.1111/avsc.12000

Question: Can repeat (tirlapse) photography be used detect the phenological development of a
forest stand, and linked to temporal patterns in root nutrition féedysarum alpinuralpine
sweetvetch) an important grizzly bear food species?

Location: Eastern foothills and front ranges of the Rocky Mountains in Alberta, Canada. The area
contains a diverse mix of mature and young forest, wetlands and alpine habitats.

Methods: We deployed six automated cameras at three locations to acquiseptaitographs at the
plant and forest stand scales. Plot locations were also visited omvadily basis to record the
phenological stage df.. alpinumand other target plant species, as well as to collect a root sample for
determination of crude protein content.

Results: Repeat photography and image analysis successfully detected all key phenological events (i.e.
greenup, flowering, senescence). Givéne relation between phenology and root nutrition, we

illustrate how camera data can be used to predict the spatial and temporal distribution and quality of a
key wildlife resource.

Conclusions: Repeat photography provides a-effgictive method for moitoring vegetation

development, food availability, and nutritional quality at a forest stand scale. Since wildlife responds to
the availability and quality of their food resources, detailed information on changes in resource
availability helps with landse management decisions and furthers our understanding of grizzly bear
feeding ecology and habitat selection.

Food Digital CamergsTime Serie?henologyNutrition
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Nijland, W., de JongR., de Jong, S. M., Wulder,.MBater, C. W., & Coops, N. C. (20Mdnitoring
plant condition and phenology using infrared sensitive consumer grade digital cameXgsicultural
and Forest Meteorology, 184, @3.06. https://doi.org/10.1016/j.agrformet.2013.09.007

Consumeigrade digital cameras are recognized as a-effective method of monitoring plant health

and phenology. The capacity to use these cameras to produce time series information contributes to a
better understanding of relationships between environmi@ conditions, vegetation health, and

productivity. In this study we evaluate the use of consumer grade digital cameras modified to capture
infrared wavelengths for monitoring vegetation. The use of infrared imagery is very common in satellite
remote sersing, while most current near sensing studies are limited to visible wavelengths only. The use
of infraredvisible observations is theoretically superior over the use of just visible observation due to

the strong contrast between infrared and visible refien of vegetation, the high correlation of the

three visible bands and the possibilities to use spectral indices like the Normalized Difference Vegetation
Index.This paper presents two experiments: the first study compares infrared modified and tare col
cameras to detect seasonal development of understory plants species in a forest; the second is aimed at
evaluation of spectrometer and camera data collected during a laboratory plant stress experirhent

main goal of the experiments is to evaluate ity of infrared modified cameras for the monitoring

of plant health and phenology. Results show that infrared converted cameras perform less than
standard color cameras in a monitoring setting. Comparison of the infrared camera response to
spectromete data points at limits in dynamic range, and poor band separation as the main weaknesses
of converted consumer cameras. Our results support the use of standard color cameras as simple and
affordable tools for the monitoring of plant stress and phenology.

Digital CamerasTime SeriePhenologyLandscape Monitoring

Vartanian, M., Nijland, W., Coops, N. C., Bater, C., Wulder, M. AStefahouse, G. (2014Assessing
the impact of field of view on monitoring understory and overstory phenology using digital repeat
photography. Canadian Journal of Remote Sensing, 40(2§,985
https://doi.org/10.1080/07038992.2014.930308

Phenological patterns of the components within forest ecosystems, such as understory vegetation, are
important indicators of climate variability, productivity, and additional ecosystem services such as food
and habitat availability for wildlife. Proximal sensing systems can provide detailed phenological records
at a relatively low cost. As interest in these datasets increases, we need additional information regarding
the effect of different approaches on the scalleobservations and camera field of vielw.this research,

we examine the impact of field of view on the capacity of cameras to detect changes in phenology of
individual species in an image time seridd& examine two cdéocated series of oblique imagasquired

using a fine and broad field of view and compare a number of phenological indicators, including the start
and end of season derived for individual plant species. Our results indicate both fine and broad field of
view camera systems are highly effiee at detecting key markers of plant phenology with no significant
differences between the two. This result supports environmental monitoring usinee€estive broad

field of view cameras, or eversubject to some constraintsreadily available cagra stations installed

for tourism or traffic monitoring.

Digital CamerasPhenology

Nijland, W., Bolton, D. K., Coops, N. C., & Stenhouse, G. (20h&@ing phenology; scaling from
camera plots tdandscapesRemote Sensing of Environment, 177,¢28.
https://doi.org/10.1016/j.rse.2016.02.018
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Information on the spatial and temporal patterns of plant phenology is important to develop a more
comprehensive understanding of food availability and habitat for many animal species. The combination
of broad scale, regional climatic, and more localized;lsitel drivers presents a challenge when

upscaling phenology from the plot to the region. Likesyideveloping relationships between groud
camerabased estimates and satellite imagery remains difficult due to the ttibetween temporal

and spatial resolution. Landsat imagery, with its 16 day temporal resolution, is often thought of as being
insufficient for timely observation of changes in vegetation throughout the year. However the free
availability of the Landsat archive has enabled a major shift in the way Landsat imagery is processed
moving towards pixel, rather than scene, based analyisethis paper we build on previous research by
examining the applicability and accuracy of Landsat derived phenology curves beyond deciduous stands
into more mixed stands and conifer dominated forest types in the Rocky Mountains and foothills in
Alberta,Canadaln addition, we discuss the application of these Landsat phenology curves to phenology
of understorey species which are linked to habitat selection for free roaming wildlife, in particular grizzly
bears. The agreement between Landsatd cameraderived estimates of key phenologi@lents was
stronger for greerup (RMSE=7 days) than for senescence (RMSE=14 days). Our results show that yearly
adjustment of greerup and senescence dates using available Landsat observations improved the
agreementwith cameraderived estimates when compared to average annual curves. Seasonal
phenology transition dates accepted as valid ranged from 25% for alpine herbaceous pixels to 75% for
closed deciduous, demonstrating the variable success of this approach Erdsover types. Season
transition dates were rejected if pixels lacked a strong enough gugesignal in Landsat spectral

indices or if the estimated dates fell outside of the valid range. We conclude by investigating the spatial
patterns of seasonallenology at the Landsat scale, and assess the relative importance of regional vs.
microsite conditions as well as the utility of these data for resource and wildlife management.

Landsat GIS ApplicatigrPhenologyDigital Camerad-orest StructurgVegetation

McClelland, C. J. R., Coops, N. C., Berman, E. E., Kearney, S. P., Nielsen, S. E., Burton, A.
Stenhouse, G. B. (202@etecting changes in understorey and canopy vegetation cycles in West
Central Alberta using a fusion of Landsat and MODABplied Vegetation Science, 23(2), 2238.
https://doi.org/10.1111/avsc.12466

Aims: To model regional vegetation cycles through data fusion methods for creatinmal&iy
vegetation product from 2000 to 2018 and to analyze annual vegetation trends over this time.period

Location: The Yellowhed&kar Management Area, a 31,1B0¥ area in west central Alberta, Canada.

Methods: In this paper, we use Dynamic Time Warping (DTW) as a data fusion technique to combine
Landsat 5, 7 and 8 satellite data and Moderate Resolution Image Spectroradiomet®@i$M&yua and
Terra imagery, to quantify daily vegetation using Enhanced Vegetation Index ahaelution, for

the years 2000 2018. We validated this approach, entitled DRIVE (Daily Remote Inference of
VEgetation), using imagery acquired from a natwof ground cameras.

Results: When DRIVE was compared to start and end of season dates (SOS and EOS respectively) derived
from ground cameras, correlations were 0.73 at SOS amd- 0.85 at EOS with a mean absolute error

of 7.17 days at SOS and 10d&ys at EOS. Results showed that DRIVE accurately increased spatial and
temporal resolution of remotesensing data. We demonstrated that SOS is advancing at a maximum rate

of 0.78 days per year temporally over the-\i&ar time period for varying elevatiaradients and land

cover classes over the region.

Conclusions: With DRIVE, we demonstrate the utility of DTW in quantifying vegetation cycles over a
large heterogeneous region and determining how changing climate is affecting regional vegetation.
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DRIVE my prove to be an important method to determine how carbon sequestration is varying within
fine-scale individual plant communities in response to changing climate and likely will be beneficial to
wildlife movement and habitat selection studies examining #arying response of wildlife species to
changing vegetation cycles under shifting climatic conditions.

Landsat GIS ApplicatigiMODIS Time Seried/egetation Climate Change

Coogan, S. C., Nielsen, S. E., & Stenhouse, G. B. (8l and temporal heterogeneity creates a
GONRPgY (GARS¢ Ay NP 2.ntetnitiéyl Sdhdad\eRedeafdR Nefikz@0IA (G A 2 v
618257 https://doi.org/10.5402/2012/618257

Spatial and temporal heterogeneity in plant phenology and nutrition benefits herbivores by prolonging
the period in which they can forage on nutrit®plants. Landscape heterogeneity can therefore

enhance population performance of herbivores and may be a critically important feature of their
habitat. The benefits of resource heterogeneity over space and time should extend not only to large
herbivores 8ing aboveground vegetation but also to omnivores that utilize belgmund resources.

We used generalized linear models to evaluate whether spatial heterogeneity influenced temporal
variation in the crude protein content of alpine sweetvettteflysarumalpinum) roots in westcentral
Alberta, Canada, thereby potentially offering nutritional benefits to grizzly béasé arctos We
demonstrated that temporal patterns in the crude protein content of alpine sweetvetch roots were
influenced by spatial hetogeneity in annual growing season temperatures and soil moisture and
nutrients. Spatial heterogeneity and asynchrony in the protein content of alpine sweetvetch roots likely
benefit grizzly bears by prolonging the period they can forage on high quedityirces. Therefore, we

have presented evidence of what we termed a "brown wave" or "brown tide" in the phenology and
nutrition of a belowground plant resource, which is analogous to the previously described "green wave"
in aboveground resources.

Nutrition; PhenologyFood

Roberts, D. R., Nielsen, S. E., & Stenhouse, G. B. (2@igyncratic responses of grizzly bear habitat
to climate change based on projected food resource chandgssological Applicatins, 24(5), 1144
1154.https://doi.org/10.1890/13-0829.1

Climate change vulnerability assessments for species of conservation concern often use species
distribution and ecological niche modeling to projebanges in habitat. One of many assumptions of
these approaches is that food web dependencies are consistent in time and environmental space.
Species at higher trophic levels that rely on the availability of species at lower trophic levels as food may
be ®nsitive to extinction cascades initiated by changes in the habitat of key food resodereswe

assess climate change vulnerability finsus arctoggrizzly bears) in the southern Canadian Rocky
Mountains using projected changes to 17 of the most comipconsumed plant food item$Ve used
presenceabsence information from 7088 field plots to estimate ecological niches and to project
changes in future distributions of each species. Model projections indicated idiosyncratic responses
among food items. May food items persisted or even increased, although several species were found
to be vulnerable based on declines or geographic shifts in suitable habitat. These indrdiehrum
alpinum(alpine sweet vetch), a critical spring and autumn rdigfging resurce when little else is

available. Potential habitat loss was also identified for three fruiting species of lower importance to
bears:Empetrum nigrunfcrowberry),Vaccinium scopariurfgrouseberry), anéragaria virginiana
(strawberry). A general trend towards uphill migration of bear foods may result in higher vulnerability to
bear populations at low elevations, which are also those that are most likely to have Hugaan

conflict problems. Regardless, a wide diet breaaftigrizzly bears, as well as wide environmental niches
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of most food items, make climate change a much lower threat to grizzly bears than other bear species
such as polar bears and panda bears. We cannot exclude, however, future alterations in humanrbehavio
and land use resulting from climate change that may reduce survival rates.

Vegetation Conflict eciesDistributionModels Climate Change

Erickson, A., Nitschke, C., Coops, N., Cumming, S., & Stenhouse, G. 2&8Entury decline in
forest regeneration potential across a latitudinal and elevational gradient in Candéeological
Modelling, 313, 94102. https://doi.org/10.1016/j.ecolmodel.2015.06.027

The regeneration niche of trees greatly narrows the fundamental niche and is sensitive to climatic
change. Development from seed and phenology are regulated by biological andnenental controls,
shaping forest successional pathways. We hypothesized that recent climate change is reducing
regeneration suitability in northern forest8/e used a procedsased ecophysiological model to

examine changes in forest regeneration coratis across an elevational and latitudinal gradient in
Alberta, Canada from 1923 to 2012. We compared these results to a recent empirical study in the region
to infer the recent drivers of regeneration change in northern foreStsr results suggest théttese

forests are experiencing climatically driven declines in conditions suitable for regeneration. Contrary to
previous findings indicating poorer current conditions in low elevation forests, we found more stable
regeneration potential there, attributaklto a relative abundance of soil moisture. Rocky soils resulted
in modeled losses of soil moisture at higher elevations, potentially preventing upslope migrations of
species despite warming. We identify potential mechanisms driving unexpected tree ratjener

patterns described in previous studies. Our simulations suggest a delayed response of forest
regeneration to warming throughout the past 90 years.

Climate ChangePhenologySpecies Distribution Models

Berman, E. E., Bolton, D. K., Coops, N. C., Mityok, Z. K., Stenhouse, G. B., & Mooi@0R8Daily
estimates of Landsat fractional snow cover driven by MODIS and dynamic-ti@ming. Remote
Sensing of Environment, 21,6635¢646. https://doi.org/10.1016/j.rse.2018.07.029

Understanding seasonal snow cover dynamics is critical for management of hydrological regimes,
habitat availability for wildlife species, forestdirisk assessment and recreational demands. Although
data products provided at 500 m spatial resolution by the Moderate Resolution Imaging
Spectroradiometer (MODIS) sensor provide important and readily available information on snow cover,
capturing snow gnamics at finer spatial resolutions remains problematic due to the lack of high
temporal and spatial resolution data, which limits the number of available observations eaclinyear.

this paper we present a new approach to create a daily tsmees of 3Em snow observations (called
SNOWARP), derived from daily MODIS Normalised Difference Snow Index (NDSI) snow cover data to
capture the temporal dynamics of snow cover and Dynamic Time Warping (DTWrtterehistorical
Landsat Thematic Mapper (TM), Enheddd hematic Mapper Plus (ETM+), and Operational Land Imager
(OLI) observations to account for irtennual variabilityThe SNOWARP product was produced for
20002018 for an area of Western Alberta (approximately 30,0®8) and was calibrated against a

network of timelapse cameras and snow pillows. Results indicate the RMSE of the SNOWARP fractional
product ranges from 31.3%68.3%, while F score of the SNOWARP binary product ranges from-87.7%
98.6% when compared to ground truth data. Capturing faawl snow cover at a fine spatial and

temporal scale is important due to the spatial heterogeneity of snow cover, particularly in mountainous
regions with implications for biodiversity assessment and monitoring. SNOWARP demonstrates a novel
method to inceasing the temporal resolution of Landsdgrived snow cover data, providing valuable
insights on regional snow cover dynamics for use in a range of applications.
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Landsat MODISGIS ApplicatigrDigital CamerasSnow Time Serie<limate

STUDYINGRIZZLBEARS

SURVEWIETHODS ANBOPULATIONNVENTORY

BMG 547

Figure9. A grizzly bear investigates a scent bait surrounded by barbed wire used to collect hair for DNA analyses.

In this sectionye describe the development ttie survey methods required to monitor population
range and density.

Waser, S. K., Davenport, B., Ramage, E. R., Hunt, K. E., Parker, M., Clarke, C., & Stenhouse, G. (2004).
Scat detection dogs in wildlife research and management: application to grizzly and black bears in the
Yellowhead Ecosystem, Alberta, Canadzanadian Jawal Zoology, 823), 475492.
https://doi.org/10.1139/z04-020

We report the development and application of a method using domestic dogsi¢ familiarikinnaeus,
1758) to systematically locate wildlife scat over large remote af@atection dogs are chosen for their
strong object orientation, high play drive, and willingness tosstfor a reward. Dogs were trained to
detect grizzly beat{rsus arctosinnaeus, 1758) and black bebirgus americanuBallas, 1780) scats
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over a 520&kn?’ area of the Yellowhead Ecosystem, Alberta, Can@ti# from scat provided the

species and (for grizzly bears only) sex and individual identities of the animal at edinloca
Concentrations of fecal cortisol and progesterone metabolites from these same grizzly bear scats
provided indices of physiological stress and reproductive activity (in females), respectively. Black and
grizzly bears were most concentrated in the amn portion of the multiuse study area, where food is
most abundant yet poachingelated mortality appears to be heaviest. Physiologic stress was also lowest
and female reproductive activity correspondingly highest for grizzly bears in the north. THeasealt
distributions corresponded to concurrently collected hsiirag data in 1999 and global positioning
system radiotelemetry data (of grizzly bears) in 1999 and 2R64&ults suggest that the scat dog
detection methodology provides a promising tool &atdressing a variety of management and research
guestions in the wildlife sciences.

Population InventoryDNA StressCortisoj HormonesReproductionDistributiory Hair SnagScat Black
Bear

Boulanger, J., Stenhouse, G., & Munro, R. (20@8urces of heterogeneity bias when DN#ark-
recapture sampling methods are applied to grizzly bebirgus arcto¥ populations.Journal of
Mammalogy, 85(4), 61824 https://doi.org/10.1644/BRB-134

One of the challenges in estimating grizzly béas(s arctospopulation size using DNA methods is
heterogeneity of capture probabilitie§his study developed general tools to explore heterogeneity
variation using data from a DNA macapture project in which a proportion of the bear population

had @S collarsThe Huggins closed population maecapture model was used to determine if capture
probability was influenced by sex or collar status. In addition, trap encounter rates were estimated by
comparing the closest distance from traps where hair sr@egged of bears that were captured, with

bears for which we had radiolocations but were waptured. Results of the Huggins analysis suggested
that sex, distance of bear DNA capture from grid edge, and whether a bear was radiocollared potentially
affected capture probabilities. The encounter rate analysis estimated that 63% of bears that
encountered traps were snagged, and that males encountered more tnapsfemales. The following
conclusions arise from this study. First, the distance of DNA captineans relative to the grid edge

should be modeled as an individual covariate to ensure robust estimates of superpopulation size when
closure violation is suspected. Second, sampling should be intensive to minimize heterogeneity and to
ensure all bears eounter traps. Finally, estimators that are robust to heterogeneity variation should be
used, given the various sources of heterogeneity variation.

DNA Hair SnagPopulation InventoryCapture Methods

Boulanger, J., Proctor, M., Himmer, S., Stenhouse, G., Paetkau, D., & Cranston, J. &2086)pirical
test of DNA markg recapture sampling strategies for grizzly beatdrsus, 17(2), 14458.
https://doi.org/10.2192/1537-6176(2006)17[149:AETODM]2.0.CO;2

Despite the widespread use of DNA markcapture for estimation of grizzly beaddrsus arctos

population size, thex have been no designed experiments of DNA sampling strat&eesgesigned a
large-scale study (8,82kRn?) in the foothills of Alberta, Canada, to test sampling strategies associated
with the hair snag DNA method@he main sampling method for this project used a traditional design in
which bait sites were moved within 180 7 x 7 km grid cells foné &k sampling sessions in the spring

of 2004. However, we also tested other strategies concurrently with the traditidesign. We sampled
fixed sites within each cell to test the utility of moving sites compared to thegggsnsive method of

not moving sites. We also placed a second, lower strand of barbed wire on bait sites to see if this could
identify cubs, whiclare not typically sampled by the usual knéeight strand of barbed wire. We
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compared summary statistics, capture probability variation, population estimates, and the precision of
population estimates for each design. The mos#ds designs captured mokears each session,
captured more individual bears (especially females), and displayed population estimates that were 15
25% higher for females. Estimates for males were similar between deSigese results suggest that

the movedsites designs were me efficient in sampling the entire population at the 7 x 7 km grid cell
size. These results highlight the need for all bears to have adequate trap encopptetunities to

ensure unbiased estimates. It also demonstrates the utility of collecting enbatata sets to test and
optimize DNA sampling strategies.

DNA Capture MethodsHair SnagPopulation Inventory

Boulanger, J., White, G. C., Proctor, Me#house, G., Machutchon, G., & Himmer, S. (2008e of
occupancy models to estimate the influence of previous live captures on Bisged detection
probabilities of grizzly bearsThe Journal of Wildlife Management, 72(3), 5&®5.
https://doi.org/10.2193/2006-447

Large carnivores potentially change their behavior following physical capture, becoming less responsive
to the attractants that resulted in their capture, which can bias population estimates wherehange

in behavior is not appropriately modeled/e applied occupancy models to efficiently estimate and
compare detection probabilities of previously collared grizzly bedrsus arctoswith bears captured at

DNA hairsnag sites that were not preuisly collaredWe found that previously captured bears had

lower detection probabilities, although their detection probabilities were still > 0, implying that they

were still visible to be sampled via the DNA fsaiag grid, which was able to detect firdifferences in

capture probabilities of previously collared bears compared with Huggins et@gedres population

models. To obtain relatively unbiased population estimates for DNA surveys, heterogeneity caused by
previous live capture should be accoudtfr in the population estimator.

DNA Capture MethodsHair SnagPopulation Inventory

Proctor, M., McLellan, B., Boulanger, J., Apps, C., Stenhous®a8tkau, D., & Mowat, G. (2010).
Ecological investigations of grizzly bears in Canada using DNA from hair-208& a review of
methods and progressuUrsus, 212), 169;188. https://doi.org/10.21 92/1537-617621.2.169

Grizzly beardJrsus arctosoccur across British Columbia and in Alberta in mostly forested,

mountainous, and boreal ecosystems. These dense forests make sighting bears from aircraft uncommon
and aerial census impractic8lince 1995we have used genetic sampling using DNA from bear hair
collected with barbed wire hair traps to explore a suite of ecological questions of grizzly bears in western
CanadaDuring 1995 2005, we conducted largscale sampling (1,650 to 9,866\ grids) in 26 areas
(covering a combined 110,406n%), where genetic identification of 1,412 grizzly bears was recorded.
Abundance estimation was the primary goal of most surveys. We also used DNA from bear hair to
examine population trend, distributionna presence in areas where grizzly bears were rare, as well as
population fragmentation in a region with a high human population. Combining spatial variation in
detecting bears with that of human, landscape, and ecological features has allowed us tdyquanti

factors that influence grizzly bear distribution, population fragmentation, and competition with black
bears U. americanug and to map variation in bear densities. We summarize these studies and discuss
lessons learned that are relevant to improviranpling efficiency, study designs, and resulting

inference.

Density Fragmentation Distribution Population InventoryPopulation TrendHairSnag Black Bear
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Rovang, S., Nielsen, S. E., & Stenhouse, G. (2018)e trap: detectability of fixed hair trap DNA
methods in grizzly bear population monitoringVildlife Biology, 21(2), 6879.
https://doi.org/10.2981/wlb.00033

A significant challenge to monitoring wildlife that are secretive, wide ranging, and at low densities is the
need to achieve adequate detection rates. Knowledge of spattéénms in occupancy and the spatial

and/or temporal patterns in detectability allows for stratification of traps and improved detection rates.
This study investigated how local variation in habitats affected the detectability of grizzly bears-in west
central Alberta when monitored with a fixed DNA hair snag de®gar hair samples were collected in

2011 at 60 sites across 15RO over six sessions, each 14 days in length, between June and August.
Microsatellite analysis of hair samples revealed grizedr lnletections at 25 of 60 sites and 21 individual
bears. We investigated occupancy and detectability of grizzly bears at the patch and landscape scales
using detection histories and program PRESENCE. At the patch scale, grizzly bear detection was highest
when sites were placed near streams with clover and in intermediate levels of forest crown closure. At
the landscape scale, probability of detection increased near streams and oil and gas wellsites, especially
when food resources and wellsite density ire tburrounding area was low. Our results highlight the
importance of considering local food resources and habitat conditions during placement of fixed DNA
hair snag sites. Detectability was not found to vary over time, suggesting that sampling icentat

Alberta can occur at any time between June and August.

DNA Hair SnagPopulation InventoryOiland Gas Food Population Monitoring

Phoebus, I., Boulanger, J., Eiken, H. G., Flgystad, |., Graham, K., Hagen, S. B., Sorensen, A., &
Stenhouse, G. (2020Comparison of grizzly bear hasnag and scat sampling along roads to inform
wildlife population monitoring. Wildlife Biology, 2020(3)https://doi.org/10.2981/wlb.00697

Wildlife managers conduct population inventories to monitor species, particularly thegskat

Although costly and time consuming, ghdsed INA hairsnag sampling has been the standard protocol
for grizzly bear inventories in North America, while opportunistic fecal DNA sampling is more commonly
used in EuropeOur aim is to determine if lowgost, loweffort scat sampling along roads can regdbe
current standard We compare two genetic neinvasive techniques using concurrent sampling within

the same grid system and spatially explicit capttgeapture. We found that given our methodology

and the present status of fecal genotyping for gyizmars, scat sampling along roads cannot replace

hair sampling to estimate population size in lo@nsity areas. Hair sampling identified the majority of
individual grizzly bears, with a higher success rate of individuals identified from grizzly befgssamp
(100%) compared to scat sampling (14%). Using scat DNA to supplement hair data did not change
population estimates, but it did improve estimate precision. Scat samples had higher success identifying
species (98%) compared with hair (80%). Scat samgbditagted grizzly bears in grid cells where hair
sampling showed nodetection, with almost twice the number of cells indicating grizzly bear presence.
Based on our methods and projected expenses for future implementation, we estimated an
approximate 30%ast reduction for sampling scat relative to hair. Our research explores the application
of genetic noAnvasive approaches to monitor bear populations. We recommend wildlife managers
continue to use haisnag sampling as the primary method for DNA invaegymwhile employing scat
sampling as supplemental to increase estimate precision. Scat sampling may better indicate presence of
bear species through greater numbers and spatial distribution of detections, if sampling is systematic
across the entire areafanterest. Our findings speak to the management of other species and regions,
and contribute to ongoing advances of monitoring wildlife populations.

Hair SnagScat DNA Population InventoryPopulation Monitoring
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CAPTURE ANHANDLING

FigurelO. A captured grizzly bear is sedated and processed prior to being fitted with a GRS collar

Capturing grizzly bears in a manner that minimizes impastes with many challengeldere we
describe the wealth of research into the best practices and protdfookafe and effectivgrizzly bear
capture.

Cattet, M. R., Christison, K., Caulkett, N, &.Stenhouse, G. B. (2008hysiologic responses of grizzly
bears to different methods of captureJournal of Wildlife Diseases, 39(3), G&854.
https://doi.org/10.7589/0090-355839.3.649

The phsgiologic effects of two methods of capture, chemical immobilization offeeging (FR) bears by
remote injection from a helicopter and physical restraint (PR) bya&dd snare prior to chemical
immobilization, were compared in 46 grizzly bedwss(s actos) handled during 90 captures between

1999 and 2001nduction dosages and times were greater for FR bears than PR bears, a finding
consistent with depletion of, or decreased sensitivity to, catecholamines:raregng bears also had

higher rectal tempratures 15 min following immobilization and temperatures throughout handling that
correlated positively with induction time. Physically restrained bears had higher white blood cell counts,
with more neutrophils and fewer lymphocytes and eosinophils, tti@nFR bears. This white blood cell
profile was consistent with a stress leukogram, possibly affected by elevated levels of serum cortisol.
Serum concentrations of alanine aminotransferase, aspartate aminotransferase, and creatine kinase
were higher in PRears that suggested muscle injury. Serum concentrations of sodium and chloride also
were higher in PR bears and attributed to reduced body water volume through water deprivation and
increased insensible water loss. Overall, different methods of captstdtesl in different patterns of
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physiologic disturbance. Reducing pursuit and drug induction times should help to minimize increase in
body temperature and alteration of aclohse balance in bears immobilized by remote injection.
Minimizing restraint timeand ensuring snaranchoring cables are short should help to minimize loss of
body water and prevent serious muscle injury in bears captured blgd&tysnare.

Capture Method, PhysiologyStress

Cattet, M., Boulanger, J., Stenhouse, G., Powell, R. A., & Reystbdgand, M. J. (2008 An evaluation
of longterm capture effects in ursids: Implications for wildlife welfare and researdiournal of
Mammalogy, 89(4), 97@90. https://doi.org/10.1644/08 -MAMM-A-095.1

The need to capture wild animals for conservation, research, and management is well justified, but long
term effects of capture and handling remain uncléAie analyzed standard type$ data collected from

127 grizzly beardJgsus arctopcaptured 239 times in western Alberta, Canada, 198805, and 213

American black bears)J( americanuscaptured 363 times in southwestern North Carolina, 196802,

to determine if we could detect i SN SFFSOGa 2F OF LJidzNBE FyR KIFyRf A
month. We measured blood serum levels of aspartate aminotransferase (AST), creatine kinase (CK), and
myoglobin to assess muscle injury in association with different methods of caferem

concentrations of AST and CK were above normal in a higher proportion of captures by leghold snare
(64% of 119 grizzly bear captures and 66% of 165 black bear captures) than capture by helicopter
darting (18% of 87 grizzly bear capturespyibarel trap (14% of 7 grizzly bear captures and 29% of 7

black bear captures). Extreme AST values (.5 times upper reference limit) in 7 (6%) grizzly bears and 29
(18%) black bears captured by leghold snare were consistent with the occurrence of exertionakjcap
myopathy. We calculated daily movement rates for 91 radiocollared grizzly bears and 128 radiocollared
black bears to determine if our activities affected their mobility during ad@pperiod after capture. In

both species, movement rates decreadmlow mean normal rate immediatelytaf capture (grizzly

bears:® = 57% of normal, 95% confidence interval F480; black bears: 77%,-88%) and then

returned to normal in 3 weeks (grizzly bears: 28 days;®0days; black bears: 36 days;3®days)

We examined the effect of repeated captures on-agkated changes in body condition of 127 grizzly

bears and 207 black bears and found in both species thaspgeific body condition of bears captured

¥H GAYSA 6nu ANRTIT & edtdbeNdoretthaiRthatof bedrd chplifed an@loriyE 0 G S
(85 grizzly bears and 109 black bears), with the magnitude of effect directly proportional to number of
times captured and the effect more evident with age. Importantly, the condition of bears didfiect a

their probability of capture or recapture. These findings challenge persons engaged in wildlife capture to
examine their capture procedures and research results carefully. Significant caplated effects may

go undetected, providing a false sersehe welfare of released animals. Further, failure to recognize

and account for longerm effects of capture and handling on research results can potentially lead to
erroneous interpretations.

Capture MethodsBody ConditiorBlack Bear

Cattet, M. R. L., Stenhouse, G., & Bollinger, T. (20B88grtional myopathy in a grizzly bead{sus
arctos) captured by leghold snarelournal of Wildlife Diseases, 44(4), ¥EF 8.
https://doi.org/10.1242/jeb.089763

We diagnosed exertional myopathy (EM) in a grizzly déesus arctosthat died approximately 10 days
after capture by leghold snare in wesgntral Alberta, Canada, in June 2008e diagnsis was based on
history, postcapture movemat data, gross necropsy, hisfrathology, and serum enzyme levels. We
were unable to determine whether EM was the primary cause of death because autolysis precluded
accurate evaluation of all tissues. Neverthslesomparison of serum aspartate aminotransferase and
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creatine kinase concentrations and survival between the affected bear and other grizzly bears captured
by leghold snare in the same research project suggests EM also occurred in other bears, big twit it
generally a cause of mortality. We propose, however, occurrence of nonfatal EM in grizzly bears after
capture by leghold snare has potential implications for use of this capture method, including negative
effects on wildlife welfare and researchtda

Capture MethodsBody Condition

Cattet, M. R. L., Bourque, A, Elkin, B. T., Powley, K. D., Dahlstrom, D. B., & Caulkett, N. A. (2006).
Evaluation of the potential for injury with remote druglelivery systems.Wildlife Society Bulletin,
34(3), 74%,749.https://doi.org/10.2193/0091-7648(2006)34[741:EOTPFI]2.0.CO;2

We evaluated the potential for different types of remote drdelivery systems (RDDS) to injure target
animals We recorded dart velocity, time, and distance from projector muzzle amnlsecond

intervals by Doppler radar chronograph for 4 types of RDDS. We used darts of different volume and
unique combination®f charges, power settings, and distances in accordance to manufacturer's
recommendations. Variation in the drop of repeated shots was >10 cm for 28 of 90 trials (5 replicates
per trial) with heavymass darts having the lowest precision. Impact velocitiese high (>50 m/sec) in
many trials using heavy darts and some trials using-tiggnts, rapieinjection darts. We evaluated the
permanent wound cavity (PWC) formed by firing ijled darts into ordnance gelatin covered tightly by
a fresh elk hide anahio the thighs of calf carcasses. Rapipbction darts fitted with eneported needles
consistently 1) forced hair and skin beneath the hide; 2) formed a PWC that8ws the needle

length; and 3) pulled the hide away from the gelatin before the dyeawaspletely ejected into the
gelatin. We conclude injury to target animals is minimized in RDDS that use lightweighkifjsichion
darts, fitted with sideported needles and broadiameter needle seals, and that impact target animals
at moderate velocitf40-50 m/sec) with high precision. We recommend against using darts with-rapid
injection mechanisms and erabrted needles because of their potential to cause deep, chronic
wounds.

Capture MethodsDrug Administration

Cattet, M. R. L., Caulkett, N. A., & Stenhouse, G. B. (2003sthesia of grizzly bears using xylazine
zolazepamitiletamine or zolazepantiletamine. Ursus, 14(1), 883. https://doi.org/10.2307/3872961

The immobilization features and physiological effects of combinations of xylaziaeepardiletamine

(XZT) and zolazepatitetamine (ZT) were compared in 46 wild grizzly bedrsys arctoshandled

during 90 capturesAlthough induction time @&s similar between drugs, induction dosage and volume

were less with XZT than with ZT. Induction of immobilization with XZT was predictable and smooth, and
muscle relaxation was good during the period of immobilization. XZT was tolerated saféytiate®

the recommended dosage ofbmg/kg (xylazine at 2-2.8 mg/kg + ZT at 34.2 mg/kg with X and ZT

mixed in a 2:3 ratio). Bears anesthetized with XZT had slower pulse rates and hlgher rectal temperatures
than bears anesthetized with ZT. The risk of hyp&rS NY' A I & KA IKSNI ' YOASYyd GSY
of potential concern with XZT. Although transient hypoxemia (hemoglobin oxygen saturatio [SpP®)

85%) developed immediately following induction in some bears, it was not severe enough to pose
significanthealth risk. The provision of supplementary oxygen during hypoxemia resulted in increased
SpQ and decreased pulse rate. Bears anesthetized with XZT had higher serum glucose concentrations
than bears anesthetized with ZT, a finding likely explained bY thadrenergic effects of xylazine to

increase hepatic glucose production and decrease pancreatic release of insulin. Although the time to
complete reversal of effects was highly variable, the effects of XZT anesthesia could be reversed with the
h Hantagaist drug yohimbine.
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AnesthesiaDrug AdministrationCapture Methods

Ozeki, L. M., Fahlman, A., Stenhouse, G., Arnemo, J. M., & Caulkett, N. (ZE3BEd)ation of the
accuracy oflifferent methods of monitoring body temperature in anesthetized brown beakdréus
arctos). Journal of Zoo and Wildlife Medicine, 45(4), &B24. https://doi.org/10.1638/2014-0039.1

There is some eviderdhat the handheld rectal thermometer does not accurately measure core
temperature in bearsThe objective of this study was to compare body temperature measured by the
handheld digital thermometer (HDT), deep rectally inserted core temperature cap&il€ssy, and
gastrically inserted CTCs in anesthetized brown bé#sug arctos Twentytwo brown bears were
immobilized with a combination of zolazepdiletamine and xylazine or medetomidine. After
immobilization, one CTC was inserted 15 cm deep int@tiimal's rectum (DRTC) with a standard
applicator, and another CTC was inserted into the stomach (GTC) via a gastric tube inserted orally.
Temperature was measured every 50 min with an HDT. Paired temperature data points were
analyzed with the Blanédltman technique for repeated measurements and regression analysis with a
significance level of 0.05. The mean difference £SD of the difference between HDT and GTC readings was
0.27 £ 0.47°C and the 95% limits of agreement (LoA) were 1.2Q&&IC. Theetermination

coefficient ¢?) found between these methods was 0.68<€0.0001). The mean difference + SD of the
difference between HDT and DRTC readings was 0.36 + 0.32°C and the 95% LoA wer® 28 &nd
Ther? between HDT and DRTC was 0B3Q.0001). The mean difference + SD of the difference
between the two insertions of the VitalSenset capsules Wa¥6 + 0.24°C and the 95% LoA were 0.42
and-0.54°C. Thé? found between GTC and DRTC was (P940(0001). This study demonstrates that
DRT®rovided accurate measurement of core temperature and that HDT did not accurately measure
core temperature, compared with GTC in anesthetized brown bears.

Capture MethodsAnesthesia

Ozeki, L. M., Caulkett, N.t&hhouse, G., Arnemo, J. M., & Fahiman, A. (20Hject of active cooling
andh -2 adrenoceptor antagonism on core temperature in anesthetized brown beats(s arctos
Journal of Zoo and Wildlife Medicine, 46(2), 27285. https://doi.org/10.1638/2014-0052R.1

Hyperthermia is a common complication during anesthesia of bears, and it can be life threaldm@ng.
objective of this study was to evaluate the effectiveness of active cooling on corgdraggrature for
treatment of hyperthermia in anesthetized brown beatsrgus arctok In addition, body temperature

after reversal with atipamezole was also evaluated. Twdinty adult and subadult brown bears were
captured with a combination of zolazepaitetamine and xylazine or medetomidine. A core

temperature capsule was inserted into the bears' stomach or 15 cm into their rectum or a combination
2F 020K® LYy &AAE o0SINB 6AGK 3IFAGNAO GSYLISNI (dzNBa x
the temperature change over 30 min was analyzed. The cooling protocol consisted of enemas with 2 L of
water at approximately 5°C/100 kg loddy weight every 10 min, 1 L of intravenous fluids at ambient
temperature, water or snow on the paws or the inguinaarintranasal oxygen supplementation, and
removing the bear from direct sunlight or providing shade. Nine bears with body temperature >39.0°C
that were not cooled served as control for the treated animals. Their body temperatures were recorded
for 30 min,prior to administration of reversal. At the end of the anesthetic procedure, all bears received
an intramuscular dose of atipamezole. In 10 bears, deep rectal temperature change over 30 min after
administration of atipamezole was evaluated. The activdinggrotocol used in hyperthermic bears
significantly decreased their body temperatures within 10 min, and it produced a significantly greater
decrease in their temperature than that recorded in the control group.

Capture MethodsAnesthesia
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Fandos Esteruelas, N., Cattet, M., Zedrosser, A., Stenhouse, G. B., Kiker, S., Evans, A. L., & Arnemo, J.
M. (2017).A DoubleBlinded, Randomized Comparison of Medetomidiidetamine-Zolazepam and
DexmedetomidineTiletamine-Zolazepam Anesthesiin FreeRanging Brown BearsJfsus arctok Plos

One, 12(1)e0170764 https://doi.org/10.1371/journal.pone.0170764

We compared anesthetic features, blopdrameters, and physiological responses to either
medetomidinetiletamine-zolazepam or dexmedetomidirt@etamine-zolazepam using a double

blinded, randomized experimental design during 40 anesthetic events cfdiregng brown bears

(Ursus arctoseithercaptured by helicopter in Sweden or by culvert trap in Canattiuction was

smooth and predictable with both anesthetic protocols. Induction time, the need for supplemental
drugs to sustain anesthesia, and captuetated stress were analyzed using gaized linear models,

but anesthetic protocol did not differentially affect these variables. Arterial blood gases antassd
status, and physiological responses were examined using linear mixed models. We documented
acidemia (pH of arterial blood < 7)3%ypoxemia (partial pressure of arterial oxygen < 80 mmHg), and
KELISNOILWAF O6LI NGAFET LINBaadaNBE 2F I NISNAFET OFNb2y
oxygen partial pressure were similar betwegroups with the latter imprang markedy after oxygen
supplementation P <0.001). We documented dostependent effects of both anesthetic protocols on
induction time and arterial oxygen partial pressure. The partial pressure of arterial carbon dioxide
increased as respiratory rate increasedhwnedetomidinetiletamine-zolazepam, but not with
dexmedetomidinetiletamine-zolazepam, demonstrating a differential drug effect. Differences in heart
rate, respiratory rate, and rectal temperature among bears could not be attributed to the anesthetic
protocol. Heart rate increased with increasing rectal temperatie.001) and ordinal day of capture

(p =0.002). Respiratory rate was significantly higher in bears captured by helicopter in Sweden than in
bears captured by culvert trap in Cana®a<0.001). Rectal temperature significantly decreased over
GAYS o6LI X ndnpu®d® h@SNIffX ¢S RA R-tilgfaninezdldzepBn I ye& o0Sy
instead of medetomidingiletamine-zolazepam in the anesthesia of brown bears. Both drug
combinations apeared to be safe and reliable for the anesthesia of-fil@&ying brown bears captured

by helicopter or by culvert trap.

Capture MethodsAnesthesiaDrug Administration
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GENETICHEATHANDPHYSIOLOGY
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Figurell. Predicted hair cortisol concentrations in 2004 and 2014 and over time from landscape variables in the most supported
model (anthropogenic disturbance and food resource availabiliyly this model was supported AIG = 0.00) when year was
included in the final candidate models; however, predicted hair cortisol concentrations were generated from the final model
without year. Therefore, unidentified change associated with saggaeis likely present. Figure from Wilsehal. 2020, p. 54.

In this section, we discuss the methods developed for studying grizzlygbeatics healthand
reproductive statusandphysiologybased on biological samplesllected fom capturedand captive
bears

Aarnes, S. G., Hagen, S. B., Andreassen, R., Schregel, J., Knappskog, P. M., Hailer, F., Stenhouse, G.,
Janke, A., & Eiken, H. G. (2018xhromosomal testing of brown beard)rsus arctok Validation of a
multiplex PCRapproach for nine STRs suitable for fecal and hair samff@sensic Science

International: Genetics, 19, 1%204. https://doi.org/10.1016/j.fsigen.2015.07.018

Highresolution ¥chromosomal rarkers have been applied to humans and other primates to study
population genetics, migration, social structures and reproductidimkéd markers allow the direct
assessment of the genetic structure and gene flow of uniquely male inherited lineagesagradso be
useful for wildlife conservation and forensics, but have so far been available only for few wild species.
Thus, we have developed two multiplex PCR reactions encompassing$irie Markers identified from

the brown bear (Jrsus arctosand testel them on hair, fecal and tissue sampl€le multiplex PCR
approach was optimized and analyzed for species specificity, sensitivity and-peidtieratios. The nine
Y-STRs also showed specific &8Bments for male black bears and male polar bears ewniohe of the

nine markers produced any PCR products when using DNA from female bears or males from 12 other
mammals. The multiplex PCR approach in two PCR reactions could be amplified with as low as 0.2 ng
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template input. Precision was high in DNA temesatrom hairs, fecal scats and tissues, with standard
deviations less than 0.14 and median stutter ratios from 0.04 to 0.63. Among the eightddine tetra
nucleotide repeat markers, we detected simple repeat structures in seven of the nine marke@2&th
repeat units. Allelic variation was found for eight of the niR8TRs, with-2 alleles for each marker and

a total of 36 alleles among 453 male brown bears sampled mainly from Northern Europe. We conclude
that the multiplex PCR approach with thesee ¥STRs would provide male beachfomosomal

specificity and evidence suited for samples from conservation and wildlife forensics.

DNA Relatednes®Black BegrPolar Bear

Cattet, M., Stenhouse, G. B., Janz, D. M., Kapronczai, L., Anne Erlenbach, J., Jansen, H. T., Nelson, O. L.,
Robbins, C. T., & Boulanger, J. (20THe quantification of reproductive hormones in the hair of

captive adult brown bears and their applicatioas indicators of sex and reproductive state.

Conservation Physiology (), cox032 https://doi.org/10.1093/conphys/cox032

Recognizing the potential value of steroid hormone measurements to augmennmasive genetic
sampling, we developed procedures based on enzjinked immunoassays to quantify reproductive
steroid hormone concentrations in brown bea&fr§us arctoshair. Then, using 94 hair samples collected
from eight captive adult bears over ayRBar period, we evaluated (i) associations between hair
concentrations of testosterone, progesterone, estradiol and cortisol; (ii) the effect of collecting by
shaving vs. plucking; and (iii) the utility of reproductive hormone profiles to differentiateuse
reproductive state. Sample requirements (125 mg of guard hair) to assay all hormones exceeded
amounts typically obtained by neinvasive sampling. Thus, broad application of this approach will
require modification of nofinvasive techniques to colletarger samples, use of mixed (guard and
undercoat) hair samples and/or application of more sensitive laboratory procedures. Concentrations of
hormones were highly correlated suggesting their sequestration in hair reflects underlying physiological
proceses. Marked changes in hair hormone levels during the quiescent phase of the hair cycle, coupled
with the finding that progesterone concentrations, and their association with testosterone levels,
differed markedly between plucked and shaved hair samplegyesits steroids sequestered in hair were
likely derived from various sources, including skin. Changes in hair hormone concentrations over time,
and in conjunction with key reproductive events, were similar to what has been reported concerning
hormonal chages in the blood serum of brown bears. Thus, potential for the measurement of hair
reproductive hormone levels to augment namvasive genetic sampling appears compelling.
Nonetheless, we are conducting additional validation studies on hair collectedifeemnanging bears,
representative of all sex, age and reproductive classes, to fully evaluate the utility of this approach for
brown bear conservation and research.

Hormones Cortisal ReproductionStress DNA

Cattet, M., Stenhouse, G. B., Boulanger, J., Janz, D. M., Kapronczai, L., Swenson, J. E., & Zedrosser, A.
(2018).Can concentrations of steroid hormones imdwn bear hair reveal age cla8<onservation
Physiology, 61), coy001 https://doi.org/10.1093/conphys/coy001

Although combining genetic and endocrine data from mavasively collected hair samples has

potential to improve the conservation of threatened mamisydew studies have evaluated this
opportunity. In this study, we determined if steroid hormone (testosterone, progesterone, estradiol and
cortisol) concentration profiles in 169 hair samples collected from-fr@eging brown beardUrsus

arctog couldbe used to accurately discriminate between immature and adult bears within each sex.
Because hair samples were acquired opportunistically, we also needed to establish if interactions
between hormones and several ndtormone factors (ordinal day, year, cact method, study area)
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were associated with age class. For each sex, we first compared a suite of candidate models by Akaike
Information Criteria model selection, using different adadte thresholds (3, 4 and 5 years), to

determine the most supported adiuage. Because hair hormone levels better reflect the endocrine state
at an earlier time, possibly during the previous year, then at the time of sampling, we reanalysed the
data, excluding the records for bears at the aehgde threshold, to establishdfassification accuracy
improved. For both sexes, candidate models were most supported based-yaa-8ld adultage

threshold. Classification accuracy did not improve with thee&8rold bear data excluded. Male age

class was predicted with a high degref accuracy (88.4%) based on the concomitant concentrations of
all four hormones. Female age class was predicted with less accuracy (77.1%) based only on
testosterone and cortisol. Accuracy was reduced for females, primarily because we had poor success i
correctly classifying immature bears (60%) whereas classification success for adult females was similar
to that for males (84.5%). Given the small and unbalanced sample used in this study, our findings should
be viewed as preliminary, but they should@afsrovide a basis for more comprehensive future studies.

HormonesStress Cortisal Hair Snag

Chow, B. A., Hamilton, J. W., Alsop, D., Cattet, M., Stenhouse, G., & Yijd§aM. (2010) Grizzly bear
corticosteroid binding globulin: cloning and serum protein expressi@eneral and Comparative
Endocrinology, 16(2), 317%325.https://doi.org/10.1016/j.ygcen.2010.03.027

Serum corticosteroid levels are routinely measured as markers of stress in wild animals. However,
corticosteroid levels rise rapidly in response to the acute stress of capture and restraint for sampling,
limiting its use as an indicator of chronic streg#e hypothesized that serum corticosteroid binding

globulin (CBG), the primary transport protein for corticosteroids in circulation, may be a better marker
of the stress status prior to capture in grizzly beahs(s arctok To test this, a fullength CBG cDNA

was cloned and sequenced from grizzly bear testis and polyclonal antibodies were generated for
detection of this protein in bear sera. The deduced nucleotide and protein sequences were 1218 bp and
405 amir acids, respectively. Multiple sequence alignments showed that grizzly bear CBG (gbCBG) was
90% and 83% identical to the dog CBG nucleotide and amino acid sequences, respectively. The affinity
purified rabbit gbCBG antiserum detected grizzly bear buthwobtan CBG. There were no sex

differences in serum total cortisol concentration, while CBG expression was significantly higher in adult
females compared to males. Serum cortisol levels were significantly higher in bears captured by leg
hold snare comparetb those captured by remote drug delivery from helicopter. However, serum CBG
expression between these two groups did not differ significantly. Overall, serum CBG levels may be a
better marker of chronic stress, especially because this protein is not aiediiby the stress of capture

and restraint in grizzly bears.

Capture MethodsCortisol Protein StressDNA

Macbeth, B. J., Cattet, M. R. L., Stenhouse, G. B., Gibeal, M Janz, D. M. (201®air cortisol
concentration as a noninvasive measure of loterm stress in freeranging grizzly beardJrsus
arctos): considerations with implications for other wildlifeCanadian Journal of Zoology, @®), 935
943. https://doi.org/10.1139/710-057

Humancaused landscape change negatively affects the sustainability of many wildlife populations. In
Alberta, Canada, grizzly beasrgus arctos., 1758) live in one of the most populated and heavily
exploited landscapes in which the species survives.-temg physiological stress in individual animals
may be the predominant mechanism linking landscape change with impaired wildlife populatitih. he
Hair cortisol concentration has been validated as a biomarker oftienmg stress in humans and

domestic animals; however, limited work has examined factors that may affect its measurement or
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interpretation. We have measured cortisol in as few ag fijpard hairs of a grizzly bear and have

identified factors influencing hair cortisol concentration in this specigs:. cortisol varies with hair

type, body region, and capture method. It is not influenced by colour, age, sex, environmental exposure
(18days), or prolonged laboratory storage (>1 year) and does not vary along the length of the hair shaft.
Recommendations for prudent use of hair cortisol analysis in grizzly bears are discussed with
implications for the development of hair cortisol concettima as a tool to monitor longerm stress in

other wildlife.

Capture MethodsStressCortisol

Cattet, M., Macbeth, B. J., Janz, D. M., Zedrosser, A., Swenson, J. E., Dumond, M., & Stenhouse, G. B.
(2014).Quantifying longterm stress in brown bears witlthe hair cortisol concentrationa biomarker

that may be confounded by rapid changes in response to capture and hand@ugservation

Physiology, 1), cou026 https://doi.org/10.1093/conphys/cou026

The measurement of cortisol in hair is becoming important in studying the role of stress in the life
history, health and ecology of wild mammals. The hair cortisol concentration) {sige@erally believed

to be a reliable indicator of longerm stress that can reflect frequent or prolonged activation of the
hypothalamiepituitary-adrenal axis over weeks to months through passive diffusion from the blood
supply to the follicular cells thggroduce the hair. Diffusion of cortisol from tissues surrounding the

follicle and glandular secretions (sebum and sweat) that coat the growing hair may also affect the HCC,
but the extent of these effects is thought to be minimalthis study, we reporbn a range of factors

that are associated with, and possibly influence, cortisol concentrations in the hair effigag

brown bears (rsus arctos Through two levels of analyses that differed in sample sizes and availability
of predictor variables, widentified the presence or absence of capture, restraint and handling, as well
as different methods of capture, as significant factors that appeared to influence HCC in a time frame
that was too short (minutes to hours) to be explained by passive difiufsom the blood supply alone.
Furthermore, our results suggest that HCC was altered after hair growth had ceased and blood supply to
the hair follicle was terminated. However, we also confirmed that HCC was inversely associated with
brown bear body contibn and was, therefore, responsive to diminished food availability/quality and
possibly other longerm stressors that affect body condition. Collectively, our findings emphasize the
importance of further elucidating the mechanisms of cortisol accumulatichair and the influence of

long- and shortterm stressors on these mechanisms.

Hair SnagBody ConditianCapture MethodsCortisol Stress

Kroshko, T., Kapronczai, L., Cattet, M. R. L., Macbeth, B. J., Stenhouse, G. B., Obbard, M. E., & Janz, D.
M. (2017).Comparison of Methanol and Isopropanol as Wash Solvents for Determination of Hair

Cortisol Concentration in Grizzly Bears and PolariBeslethodsX, 4, 6875.
https://doi.org/10.1016/j.mex.2017.01.004

Methodological differences among laboratories are recognized as significant sources of variation in
guantification of hair cortisotoncentration (HCC). An important step in processing hair, particularly
when collected from wildlife, is the choice of solvent used to remove or "wash" external hair shaft
cortisol prior to quantification of HCThe present study systematically comparedthanol and
isopropanol as wash solvents for their efficiency at removing external cortisol without extracting
internal hair shaft cortisol in samples collected from fraeging grizzly bears and polar beat®rtisol
concentrations in solvents and haieve determined in each of one to eight washes of hair with each
solvent independently.
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1 There were no significant decreases in internal hair shaft cortisol among all eight washes for either
solvent, although methanol removed detectable hair surface cdréfier one wash in grizzly bear
hair whereas hair surface cortisol was detected in all eight isopropanol washes.

1 There were no significant differences in polar bear HCC washed one to eight times with either
solvent, but grizzly bear HCC was significagridater in hair washed with isopropanol compared to
methanol.

1 There were significant differences in HCC quantified using different commercial ELISA kits commonly
used for HCC determinations.

Stress Cortisal Hair SnagPolar Bear

Carlson, R. I, Cattet, M. R. L., Sarauer, B. L., Nielsen, S. E., Boulanger, J., Stenhouse, G. B., & Janz, D.
M. (2016).Development and application of an antibodased protein microarray to assess stress i

grizzly bearsWrsus arctoy Conservation Physiology, &), cow001

https://doi.org/10.1093/conphys/cow001

A novel antibodybased protein microarray was developed that simultaneously determineession

of 31 stressassociated proteins in skin samples collected from-filgging grizzly bears)(sus arctos

in Alberta, Canada he microarray determines proteins belonging to four broad functional categories
associated with stress physiology: hypald@imicpituitary-adrenal axis proteins, apoptosis/cell cycle
proteins, cellular stress/proteotoxicity proteins and oxidative stress/inflammation proteins. Small skin
samples (50 100 mg) were collected from captured bears using biopsy punches. Proteiassetated

and labelled with fluorescent dyes, with labelled protein homogenates loaded onto microarrays to
hybridize with antibodies. Relative protein expression was determined by comparison with a pooled
standard skin sample. The assay was sensitiggiiniag 80 ug of protein per sample to be run in

triplicate on the microarray. Intrarray and interarray coefficients of variation for individual proteins

were generally <10 and <15%, respectively. With one exception, there were no significant difference
protein expression among skin samples collected from the neck, forelimb, hindlimb and ear in a
subsample oh =4 bears. This suggests that remotely delivered biopsy darts could be used in future
sampling. Using generalized linear mixed models, aegedteins within each functional category
demonstrated altered expression with respect to differences in year, season, geographical sampling
location within Alberta and bear biological parameters, suggesting that these general variables may
influence expession of specific proteins in the microarray. Our goal is to apply the protein microarray as
a conservation physiology tool that can detect, evaluate and monitor physiological stress in grizzly bears
and other species at risk over time in response to mrhental change.

Protein Stress

Wilson, A. E., Sergieh., SelvaN, SwensonJ. E.ZedrosserA, StenhouseG, & Janz D. M (2021).
Correcting for enzyme immunoassay changes in long term monitoring studvtsthodsX, 8101212.
https://doi.org/10.1016/].mex.2021.101212

Enzyme immunoassays (EIAs) are a common tool for measuring steroid hormones in wildlife due to their
low cost, commercial availabifitand rapid results. Testing technologies improve continuously,

sometimes requiring changes in protocols or crucial assay components. Antibody replacement between
EIA kits can cause differences in EIA sensitivity, which can hinder monitoring hormonetaiitse

over time. The antibody in a common cortisol EIA kit used for-ferrg monitoring of stress in wildlife

was replaced in 2014, causing differences in cross reactivity and standard curve concentrations.
Therefore, the objective of this study wasdevelop a method to standardize results following changes
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in EIA sensitivity. We validated this method using cortisol concentrations neshsuthe hair of brown
bears Ursus arctos

1 We used a simple linear regression to model the relationship betweetisol concentrations using
kit 1 and kit 2.

1 We found a linear relanship between the two kits fR 0.85) and used the regression equation
(kit2 = (0.98 x kitl) + 1.65) to predict cortisol concetndras in remeasured samples.

1 Mean predicted percengrror was 16% and 72% of samples had a predicted percent error < 20%,
suggesting that this method is welliited for correcting changes in EIA sensitivity.

Stress Cortisal Hormones

Wilson, A. E., Michauds. A., Jackson, A. M., Stenhouse, G., Coops, N. C., & Janz, D. M. (2020).
Development and validation of protein biomarkers of health in grizzly beatenservation Physiology,
8(1), coaa056https://doi.org/10.1093/conphys/coaa056

Large carnivores play critical roles in the maintenance and function of natural ecosystems; however, the
populations of many of these species are in decline across the globe. Therefore, there is an urgent need
to dewelop novel techniques that can be used as sensitive conservation tools to detect new threats to
the health of individual animals well in advance of populaievel effectsOur study aimed to

determine the expression of proteins related to energeticsrogjpiction and stress in the skin of grizzly
bears Ursus arctosusing a liquid chromatography and multiple reaction monitoring mass spectrometry
assayWe hypothesized that a suite of target proteins could be measured using this technique and that
the expession of these proteins would be associated with biological (sex, age, sample location on body)
and environmental (geographic area, season, sample year) variables. Small skin biopsies were collected
from free-ranging grizzly bears in Alberta, Canadanf2013 to 2019r( =136 samples from 111

individuals). Over 700 proteins were detected in the skin of grizzly bears, 19 of which were chosen as
targets because of their established roles in physiological function. Generalized linear mixed model
analysis wa used for each target protein. Results indicate that sample year influenced the majority of
proteins, suggesting that physiological changes may be driven in part by responses to changes in the
environment. Season influenced the expression of proteinggdlt energetics, reproduction and

stress, all of which were lower during fall compared to early spring. The expression of proteins related to
energetics and stress varied by geographic area, while the majority of proteins that were affected by
biologicalattributes (age class, sex and age class by sex interaction) were related to reproduction and
stress. This study provides a novel method by which scientists and managers can further assess and
monitor physiological function in wildlife.

Health StressProtein PhysiologyReproduction

Carnahan, A. M., van Manen, F. T., Haroldson, M. A., Stenhouse, G. B., & Robbin@021)T.
Quantifying energetic costs and definirenergy landscapes experienced by grizzly bedmurnal of
Experimental Biology. In press.

Animal movements are major determinants of energy expenditure and ultimately thelmstfit of
landscape use. Thus, we sought to understand those costs and hezly dgréarslrsus arctosmove in
mountainous landscape¥Ve trained captive grizzly bears to walka@horizontal treadmill and up and
down 10% and 20% slopes. Tdust of moving upslope increased linearly with speed and shogée,

and this was more cdly than moving horizontally. The costadwnslope travel at slower speeds was
greater than the cost dfaveling horizontally but appeared to decrease at higher speedsmiise

efficient walking speed that minimized cost per unit distance Wwa$8+0.11m $!. However, grizzly

bears fitted with GPS collars in tli¥eater Yellowstone Ecosystem moved at an average velocity of 0.61
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+0.28 m & and preferred to travel on nednorizontal slopes at twictheir occurrence. When traveling
uphill or downhill, grizly bearschose paths across all slopes that wB®4% less steep and costhan
the maximum available slope. The net costs £3rkéf) of moving horizontally and uphill were the same
for grizzly bearshumans and digitigrade carnivores, but those cogtse 46% highethan movement
costs for ungulates. These movement costs elmaracteristics of landscape use determined using
captive and wildyrizzly bears were used to understand the strategies that grizzly bsarfor preying

on large ungulates antthe similarities in travebetween people and grizzly bears that might affect the
risk ofencountering each other on shared landscapes.

PhysiologyMovement Telemetrgattet, M. R. L., Caulkett, N. A., Obbard, M. E., & Stenhouse, G. B.
(2002).A bodycondition index for ursidsCanadian Journal of Zoology, €0, 1156;1161.
https://doi.org/10.1139/z02-103

In this investigion a bodycondition index (BCl) was developed for polar beldrsiis maritimuy black
bears Ursus americanysand grizzly bearsJ(sus arctos based on residuals from the regression of

total body mass against a linear measure of size, straigibody length (SLBL)ransformation of
masslength data from 1198 polar bears, 595 black bears, and 126 grizzly bears to natural logarithms
resulted in a linear relationship between mass and length. However, the relationship in polar bears
differed from thd in black and grizzly bears. SLBL had a close positive relationship with skeletal (bone)
mass in polar bears1(=31) and black bears (=33), validating the use of SLBL as an accurate index of
body size. There was no correlation between SLBL and Bflldobearsi(= 0.005p =0.87,n =1198)

or for black bears and grizzly bears (0.04,p =0.30,n =721), indicating that the BCI was independent

of body size. The BCI had a close positive relationship with true body condition, measured as the
standardized residual of the combined mass of fat and skeletal muscle against SLBL, in polar and black
bears that were dissected to determine individual tissue masses. The BCI also had a close positive
relationship with the standardized residual of fat massiag@SLBL. Estimation of BCI values for polar
bears, or for black bears and grizzly bears, is facilitated by prediction equations that require
measurement of total body mass and SLBL for individual animals.

Healthh Body ConditionPhysiologyPolar BegrBlack Bear

Timmins, T. L., Hunter, A. J. S., Cattet, M. R. L., & Stenhouse, G. B. (26¥8loping Spatial Weight
Matrices for Incorporation into Mutiple Linear Regression Model&n Example Using Grizzly Bear
Body Size and Environmental Predictor Variabl&gographical Analysis, 4%), 359;379.
https://doi.org/10.1111/gean.12019

In this study, we develogpatial autoregressive (SAR) models relating grizzly bear body length to
environmental predictor variables in the Alberta Rocky Mountaitie examine the ability of several
different spatial neighborhoods to model spatial dependence and compare the estinparameters

and residuals from a standard linear regression model (LRM) with those from three types of SAR models:
error, lag, and Durbin. Further, we examine variable selection in the presence of negative dependence
by repeating the modeling process mgia SAR model. Two findings are that significant negative spatial
dependence was present in the residualdref LRM and that the choice of spatial neighborhood greatly
affects the ability to detect spatial dependence. The incorporation of appropriatiaspaeights into

SAR models improves the fit and increases the significance of the parameter estimates\tise

linear model. The results of this study indicate that negative dependence may not have as severe
negative effects on variable selectiondaparameter estimation as positive dependence. An

examination of spatial dependence in regression modeling appears to be an important means of
exploring the appropriateness of a sampling framework, predictor variables, and model form.
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Figurel2. Grizzly bear telemetry data across all BMUs.

GPS collar data requires processing and manipulation to most effectively use to understand grizzly bear
behavior. We describe advances in using telemetry data here.

Frair, J. L., Nielsen, S. E., Merrill, E. H., Lele, S. R., Boyce, R. S., Munro, Btéhhduyse, G. B., &
Beyer, H. L. (2004Removing GPS collar bias in habitat selection studigsurnal of Applied Ecology,
41(2), 201¢212. https://doi.org/10.1111/j.0021-8901.2004.00902.x

1. Compared to traditional radigollars, global positioning system (GPS) collars provide finer spatial
resolution and collect locations across a broader range of spatial and temporal conditions. However,
data from GPS collars are biased because vegetatidriearain interfere with the satellite signals
necessary to acquire a location. Analyses of habitat selection generally proceed without correcting for
this known sampling bia8Ve documented the effects of bias in resource selection functions (RSF) and
compared the effectiveness of two bi@errection techniques
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2. The effects of environmental conditions on the probability of a GPS collar collecting a location were
modelled for three brands of collar using data collected ish2dals at 194 test locatins. The best
supported model was used to create Gfi&ed data from unbiased animal locations. These data were
used to assess the effects of bias given data losses in the rangetofd @t both 1and 6h sampling
intensities. We compared the sign, valand significance of coefficients derived using biased and
unbiased data.

3. With &h locations we observed type Il error rates of8W% given as little as a 10% data loss. Biased
data also produced coefficients that were significantly more negative thrdbiased estimates.

Increasing the sampling intensity fromté 1-h locations eliminated type Il errors but increased the
magnitude of coefficient bias. No type | errors or changes in sign were observed.

4. We applied sample weighting and iterative glation given a 30% data loss. For a biased vegetation

type, simulation reduced more type Il errors than weighting, most probably because the original sample

size was reestablished. However, selection for areas near trails, which was influenced by d biase

vegetation type, showed fewer type Il errors after weighting existing animal locations than after

AAYdzZ I GA2Yyd . 20K GSOKYyAljdzSa O2NNBOGSRndMh x> YR Xy
sampling intensities, respectively.

5. Synthesis and appétions. This study demonstrates that GPS error is predictable and biases the
coefficients of resource selection models dependant upon the GPS sampling intensity and the level of
data loss. We provide effective alternatives for correcting bias and disppdging corrections under
different sampling designs.

Telemetry Habitat Selection

Gau, R. J., Mulders, R., Ciarniello, L. M., Heard, D. C., Chetkiewicz, B., Boyce, M., Munro, R., Stenhouse,
G., Chruszcz, B., Gibeau, M. L., Milakovic, B., Parker, K. L., & Chetkiewicz, C. BU&a004ixolled

field performance of Televilt GRSimplex ollars on grizzly bears in western Canad&ildlife Society

Bulletin, 32(3), 698701. https://doi.org/10.2193/0091-7648(2004)032[0693:UFPOTG]2.0.CO;2

Commercially availablielemetry collars for wildlife that employ Global Positioning System (GPS)
devices generally have the ability to gather a large volume of precise location/datappraised the
performance of 1Zhannel Televilt GRSImplexM collars (Televilt/TVP Positiing AB, Lindesberg,

Sweden) deployed across western and northern Canada on grizzly besus arctos Of 71 collar
deployments between 2000 and 2002, 38 were retrieved and performed according to their programmed
schedule, 20 were retrieved and had semegree of failure, and 13 experienced catastrophic failures

and were not retrieved. In addition to these deployments, 10 collars failed predeployment. GPS collar fix
success rates were greater for the retrieved collars from the Northwest Territoriedahdme 4 study

areas in British Columbia and Alberkasg= 10.82P <0.001 ); thus, the latter areas were grouped for
further analyses. Collar fix success rates in the British Columbia and Alberta study areas differed
between the retrieved cltars that functioned normallyj=65%, SE 2.3,n =28) and collars retrieved

with failure events=56%, SE 4.3,n =17;t43=-2.09,P=0.043). Fix success rates were lower the

longer collars were in the fieldsE&-0.35,n =45,P=0.020).Locations from the GPS collars had a mean
dilution of precision of <4 for 2D and 3D locations and thus had a good degree of precision. We were
satisfied with the volume and quality of the location data; however, we advise other researchers that
significanttime and money may be lost troubleshooting problems with the Televilt Simplex system.
Other recommendations for future and current users are considered.

Telemetry British Columbia
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Boyce, M. S., Pitt, J., Northrup, J. M., Morehouse, A. T., Knopff, K. H., Cristescu, B., & Stenhouse, G. B.
(2010).Temporal autocorrelation functions for movement rates from global positioning system
radiotelemetry data Philosophical Transactions of the Royal Society B: Biological Sciences, 365(1550),
2213;2219.https://doi.org/10.1098/rsth.2010.0080

Autocorrelation has been viewed as a problem in telemetry studéEause sequential observations are
not independent in time or space, therefore violating assumptions for statistical inference. Yet nearly all
ecological and behavioural data are autocorrelated in both space and time. We argue that there is much
to learnabout the structure of ecological and behavioural data from patterns of autocorrelation. Such
patterns include periodicity in movement and patchiness in spatial data, which can be characterized by
an autocorrelogram, semivariogram or spectriivie illustrae the utility of temporal autocorrelation
functions (ACFs) for analysing slepgth data from GPS telemetry of wolvé&agis lupus cougars

(Puma concolgy grizzly beardJrsus arctosand elk Cervus elaphgsn western AlbertaACFs often

differ by season, reflecting differences in foraging behaviour. In wilderness landscapedestgh ACFs

for predators decay slowly to apparently random patterns, but sometimes display strong daily rhythms
in areas of human disturbance. In contrast, step lengtrallofre consistently periodic, reflecting
crepuscular activity.

Movement Habitat SelectionDistribution Anthropogenic Bsturbance Telemetry

Smulders, M., Nelson, T. A., Jelinski, D. E., Nielsen, S. E., & Stenhouse, G. BA2p&Mplly explicit
method for evaluating accuracy of species distribution moddBiversity and Distributions, 16(6), 996
1008.https://doi.org/10.1111/j.1472-4642.2010.00707.x

Aim: Models predicting the spatial distribution of animals are increasingly used in wildlife management
and conservation planning. There is growing recogniti@ common methods of evaluating species
distribution model (SDM) accuracy, as a global overall value of predictive ability, could be enhanced by
spatially evaluating the model thereby identifying local areas of relative predictive strength and
weaknessCurrent methods of spatial SDM model assessment focus on applying local measures of
spatial autocorrelation to SDM residuals, which require quantitative model outputs. However, SDM
outputs are often probabilistic (relative probability of species occurr@onceategorical (species present

or absent).The goal of this paper was to develop a new method, using a conditional randomization
technique, which can be applied to directly spatially evaluate probabilistic and categorical SDMs.

Location Eastern slopes, Rocky Mountains, Alberta, Canada.

Methods We used predictions from seasonal grizzly béhas(s arctosresource selection functions

(RSF) models to demonstrate our spatial evaluation technique. Local test statistics computed from bear
telemetry locations were used to identify areas where bears were located more frequently than
predicted. We evaluated the spatial pattern of model inaccuracies using a measure of spatial
autocorrelation, local Moran's I.

ResultsWe found the model to haveon-stationary patterns in accuracy, with clusters of inaccuracies
located in central habitat areas. Model inaccuracies varied seasonally, with the summer model
performing the best and the least error in areas with high RSF values. The landscape dkticacter
associated with model inaccuracies were examined, and possible factors contributing to RSF error were
identified.

Main conclusionsThe presented method complements existing spatial approaches to model error
assessment as it can be used with proitiatic and categorical model output, which is typical for SDMs.

We recommend that SDM accuracy assessments be done spatially and resulting accuracy maps included
in model metadata.
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Movement Habitat SelectionSeciesDistributionModels Distribution Telemetry

BEARBIOLOGY ANBEHAVIOUR

NATURAHISTORY

Figurel3. The cub of GBP collared bear.

In this section, & report data on grizzly bear natural and life history, including reproductive rates, home
ranges, andalenning

Mace, R., Carney, D. W., Chiltdtadandt, T., Courville, S. A., Haroldson, M. A., Harris, R. B., Jonkel, J.,
McLellan, B., Madel, M., Manley, T. L., Schwartz, C. C., Servheen, C., Stenhouse, G., Wallyer, J. S., &
Wenum, E. (2011)Grizzly bear population ital rates and trend in the Northern Continental Divide
Ecosystem, Montanalournal of Wildlife Management76(1),119-128.

https://doi.org/10.1002/jwmg.250

We estimated grizzly bead(sus arctospopulatian vital rates and trend for the Northern Continental
Divide Ecosystem (NCDE), Montana, between 2004 and 2009 by followingo#died females and
observing their fate and reproductive performane@ur estimates of dependent cub and yearling
survival wee 0.612 (95% CI = 0.3@@818) and 0.682 (95% CI = 0.286898). Our estimates of subadult
and adult female survival were 0.852 (95% CIl = @®2581) and 0.952 (95% CI = 0.89280). From
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visual observations, we estimated a mean litter size of 2.00/ktibs Accounting for cub mortality

prior to the first observations of litters in spring, our adjusted mean litter size was 2.27 cubs/litter. We

estimated the probabilities of females transitioning from one reproductive state to another between

years. Umg the stable state probability of 0.322 (95% CI = G;@6382) for females with cub litters, our

adjusted fecundity estimaterfy) was0.367 (95% CIl = 0.2q@461). Using our derived rates, we

estimated that the population grew at a mean annual rate df @R EA Y I St & o2 o6< I mdn
0928MdPMANHUEI YR TMdx: 2F mnInnn az2ydsS /I NI2 aAYdzZ |
indicate an increasing population trend of grizzly bears in the NCDE. Coupled with concurrent studies of
population ste, we estimate that over 1,000 grizzly bears reside in and adjacent to this recovery area.

We suggest that monitoring of population trend and other vital rates using radioed females be

continued.

Population TrendReproductionMortality

Smulders, M., Nelson, T. A., Jelinski, D. E., Nielsen, S. E., Stenhouse, G. B., & Laberee, K. (2012).
Quantifying spatialtemporal patterns in wildlife ranges using STAMP: A grizzly bear examfbplied
Geography, 3%1-2), 124¢131. https://doi.org/10.1016/j.apge0d.2012.06.009

Geographical spatial analysis approaches are ideally applied to studies of wildlife habitat use when
spatial data, such aslemetry data or spatial ranges, are available. For instance, it is often desirable to
guantify spatiattemporal patterns of home ranges, which are typically delineated as polygons and
represent areas of habitat that support wildlife functions. Changdsame ranges over time are often
presented as variation in mean polygon area. Thisdivoensional approach ignores potentially

important spatialtemporal characteristics of habitat use, including site fidelity, range contraction, and
expansion. Using Stial-Temporal Analysis of Moving Polygons (STAMP) we examined a set of
movement data for a subpopulation of adult female grizzly bedrsys arctosfor the period from 1999

to 2003 in the Rocky Mountain foothills region of Alberta, CanBldme range chage was quantified

over two-year periods and evaluated on the basis of variable offspring dependency (i.e., whether the
females had no cubs, cuog-the-year (COY), or yearling cubs) and foraging se&olitary bears

showed the greatest amount of homerrge fidelity, with an increase in range size during the mating
season. Female grizzly bears with offspring experienced substantial home range change. Sows with COY
had a reduced maternal home range size, especially during mating season, while thoseawiitly ye
offspring had an increased home range size. The patterns of home range change were consistent with
those expected if some combination of mobility and infanticide were the driving ecological mechanisms.
We conclude that offspring dependency does mapact the degree of site fidelity but does impact the
nature of home range change experienced. We also suggest that the dpatigbral change in female
grizzly home ranges could be used to infer breeding status and as a population monitoring tool. A
geagraphical approach to home range change provides a simple and quantitative approach to mapping
spatialtemporal patterns of habitat use and animal movement.

Home RangeFamily Dynami¢$?opulation Monitoring

Graham, K., & Stenhouse, G. B. (20I4dme range, movements, and denning chronology of the
Grizzly Bearrsus arctoyin westcentral Alberta Canadian FieldNaturalist, 128(3), 228234.
https://doi.org/10.22621/cfn.v128i3.1600

An understanding of the natural history of the Grizzly Beas(s arctosis important for recovery
planning.We present data on home range size, movements and denning chronology collected using
Glbal Positioning System (GPS) collars on Grizzly Bears toeméstl Alberta Mean annual kernel
estimates for adult (1034 + 656 (%) and subadult (1298 + 12&Mm?) males were larger than those
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for females with cubs of the year (213 + Z&#°%) and lone adult females (337 + 1K&?) but not
differentfromsubl Rdzf & FSYI £ SaxX FSYI fS& sykaldcubsfSI00E). Ay 3as 2 NJ
Mean rates of movement among female ageproductive classes were different from each othgér<
2.70,P> 0.05) but not different from suhdult malesZy < 2.70,P> 0.05). Rates of movement of adult
males were significantly different only from those of females with cubs of the ¥ear3.94,P= 0.001).

the greatest amount of movement occurred in Jumel @éhe least in october. Bears traveled fastest in

the morning and evening and slowest at night. Pregnant females had the longest denning period (175
days, = 16 days SDo difference was detected in denning duration among the remaining fivesaoe
reproductive classed?(> 0.05). GPS collars provided large location datasets from which accurate home
range estimates, hourly movement rates, and precise denning dates were determined. examining
similarities and differences in the basic biology of GrizzlyBieam various locations will improve our
understanding of the plasticity of this species and the potential impacts of habitat and climate change.

Home RangeMovement Denning Reproduction

DIET ANODPHYSIOLOGY

Figurel4. A collared grizzly bear feeds on grasses and cloether cub nearby

In this section, grizzly bedret andphysiology includingutritional requirementsgut composition and
how their body functions during hibernation are explored.

Schwab, C., Cristescu, B., Boyce, M. S., Stenhouse, G. B., & Ganzle, M. B2@869)al populations
and metabolites in the feces of free roaming and captive grizzly be@eanadian Journal of
Microbiology, 5512), 133%;1346.https://doi.org/10.1139/W09-083
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Gut physiology, host phylogeny, and diet determine the composition of the intestinal microbiota. Grizzly
bears Ursusarctos horribili} belong to the Order Carnivora, yet feed on an omnivorous diet. The role of
intestinal microflora in grizzly bear digestion has not been investigééobiota and microbial

activity were analysed from the feces of wild and captiveztyrirearsBacterial composition was
determined using culturelependent and culturéndependent methods. The feces of wild and captive
grizzly bears contained log 9.1 5@nd log 9.2 + 0.3 gene copgs-respectively. Facultative anaerobes
Enterobacteiaceae and enterococci were dominant in wild bear feces. Among the strict anaerobes, the
BacteroidesPrevotellaPorphyromonagroup was most prominent. Enterobacteriaceae were

predominant in the feces of captive grizzly beaat log 8.9 + 0.5 gene copigs-Strict anaerobes of the
BacteroidesPrevotellaPorphyromonagroup and theClostridium coccoideguster were present at log

6.7 £ 09 and log 6.8 + 0.8 gene copigs-respectively. The presence of lactate and stubrain fatty

acids (SCFAs) verdienicrobial activity. Total SCFA content and composition was affected by diet. SCFA
composition in the feces of captive grizzly bears resembled the SCFA compositionajmsesning

wild animals. A consistent data set was obtained that associated fecadlmota and metabolites with

the distinctive gut physiology and diet of grizzly bears.

Food PhysiologyMicrobiology

Schwab, C., Cristescu, B., Northrup, J. M., Stenhouse, G. B., & Ganzle, M. 2ie1and environment
shape fecal bacterial microbiota composition and enteric pathogen load of grizzly b&iteS ONE,
6(12), e27905 https://doi.org/10.1371/journal.pone.0027905

Background: Dieand environment impact the composition of mammalian intestinal microbiota; dietary
or health disturbances trigger alterations in intestinal microbiota composition and render the host
susceptible to enteric pathogens. To datelang term monitoring data exist on the fecal microbiota

and pathogen load of carnivores either in natural environments or in captiMifg. study investigates
fecal microbiota composition and the presence of pathogéisicherichia codind toxigenic clostridia in
wild and captive grizzly beardrisus arctosand relates these to food resources consumed by bears.

Methodology/PrincipaFindings: Feces were obtained from animals of two wild populations and from
two captive animals duringn active bear season. Wild animals consumed a diverse diet composed of
plant material, animal prey and insects. Captive animals were fed a regular granulated diet with a
supplement of fruits and vegetables. Bacterial populations were analyzed usingtgtie@tPCR. Fecal
microbiota composition fluctuated in wild and in captive animals. The abundarClstiridiumclusters

I and XI, and of. perfringensorrelated to regular diet protein intake. Enteroaggregativecoliwere
consistently present in gflopulations. TheC. sordelliphospholipase C was identified in three samples
of wild animals and for the first time idrsids

Conclusion: This is the first longitudinal study monitoring the fecal microbiota of wild carnivores and
comparing it to that otaptive individuals of the same species. Location and diet affected fecal bacterial
populations as well as the presence of enteric pathogens.

Predation PhysiologyFood Microbiology

Coogan, S. C. P., Raubenheimer, D., Stenhouse, G. B., & Nielsen, S. EM2@i@dhutrient
optimization and seasonal diet mixing in a large omnivore, the grizzly bear: a geometric anaBIsiS
One, 9(5), e9796https://doi.org/10.1371/journal.pone.0097968

Nutrient balance is a strong determinant of animal fithess and demography. It is therefore important to
understand how the compositions of available dsaelate to required balance of nutrients and habitat
suitability for animals in the wild. These relationships are, however, complex, particularly for omnivores
that often need to compose balanced diets by combining their intake from diverse nutritionally
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complementary foodsHere we apply geometric models to understand how the nutritional

compositions of foods available to an omnivorous member of the order Carnivora, the grizzly bear
(Ursus arctos..), relate to optimal macronutrient intake, and assessthasonal nutritional constraints

on the study population in westentral Alberta, Canadd@he models examined the proportion of
macronutrients that bears could consume by mixing their diet from food available in each season, and
assessed the extent to weh bears could consume the ratio of protein to Rortein energy previously
demonstrated using captive bears to optimize mass gain. We found thaseleitive feeding on

ungulate carcasses provided a roptimal macronutrient balance with surplus proteielative to fat

and carbohydrate, reflecting adaptation to an omnivorous lifestyle, and that optimization through
feeding selectively on different tissues of ungulate carcasses is unlikely. Bears were, however, able to
dilute protein intake to an optimalatio by mixing their otherwise higprotein diet with carbohydrate

rich fruit. Some individual food items were close to optimally balanced in protein tepnatein energy
(e.g.Hedysarum alpinurmots), which may help explain their dietary prevalencetsAnay be

consumed particularly as a source of lipids. Overall, our analysis showed that most food available to
bears in the study area were high in protein relative to lipid or carbohydrate, suggesting the lack of non
protein energy limits the fithess (@ body size and reproduction) and population density of grizzly bears
in this ecosystem.

Food Predation Vegetation Nutrition

Coogan, S. C. P., Raubenheimer, D., Stenhouse, G. B.s(Q¥0f., & Nielsen, S. E. (201B)nctional
macronutritional generalism in a large omnivore, the brown bedtcology and Evolution,(8), 236%;
2376.https://doi.org/10.1002/ece3.3867

We combine a recentlgleveloped framework for describing dietary generalism with compositional data
analysis to examine patterns of omnivory in a large widely distributed manusaig the brown bear
(Ursus arctosas a model species, we collected and analyzed data fromtéhatlire to estimate the
proportions of macronutrients (protein, carbohydrate, and lipid) in the diets of bear populations. Across
their range, bears consumed a diversity of foods that resulted in annual population diets that varied in
macronutrient propotions, suggesting a wide fundamental macronutrient niche. The variance matrix of
pairwise macronutrient logratios indicated that the most variable macronutrient among diets was
carbohydrate, while protein and lipid were more proportional or codependeet, (elatively more

constant logratios). Populations that consumed anthropogenic foods, such agricultural crops and
supplementary feed (e.g., corn), had a higher geometric mean proportion of carbohydrate, and lower
proportion of protein, in annual dist Seasonally, mean diets were lower in protein and higher in
carbohydrate, during autumn compared to spring. Populations with anthropogenic subsidies, however,
had higher mean proportions of carbohydrate and lower protein, across seasons compared to
populations with natural diets. Proportions of macronutrients similar to those selected in experiments
by captive brown bears, and which optimized primarily fat mass gain, were observed among
hyperphagic prehibernation autumn diets. However, the majority obthevere from populations
consuming anthropogenic foods, while diets of natural populations were more variable and typically
higher in protein. Some anthropogenic diets were close to the proportions selected by captive bears
during summer. Our results sugdehat omnivory in brown bears is a functional adaptation enabling
them to occupy a diverse range of habitats and tolerate variation in the nutritional composition and
availability of food resources. Furthermore, we show that populations consuming hgoarced foods
have different dietary macronutrient proportions relative to populations with natural diets.

Human UsgFood Nutrition
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Chow, B. A., Hamilton, J., Cattet, M. R. L., Stenhouse, G., Obbard, B \ijayan, M. M. (2011).
Serum corticosteroid binding globulin expression is modulated by fasting in polar bdarsus
maritimus). Comparaive Biochemistry and Physiologyart A Molecular & Integrative Physiology
158(1), 111c115. https://doi.org/10.1016/j.cbpa.2010.09.017

Polar bearsWrsus maritimusfrom several subpopulations undergo extended fasting during théréee
season. However, the animals appear to conserve protein despite the prolonged fasting, though the
mechanisms involved are poorly understodde hypothesized that elevated concenti@is of

corticosteroid binding globulin (CBG), the primary cortisol binding protein in circulation, lead to cortisol
resistance and provide a mechanism for protein conservation during extended fabtiagnetabolic

state (feeding vs. fasting) of 16 fiddmpled male polar bears was determined based on their serum
urea to creatinine ratioX25 for feeding vs<5 for fasting). There were no significant differences in

serum cortisol levels between all male and female polar bears sampled. Serum CBG exp/@ssion
greater in lactating females relative to ndactating females and males. CBG expression was
significantly higher in fasting males when compared to-riasting males. This leads us to suggest that
CBG expression may serve as a mechanism to consertegn during extended fasting in polar bears by
reducing systemic free cortisol concentrations. This was further supported by a lower serum glucose
concentration in the fasting bears. As well, a lack of an enhanced adrenocortical response to acute
capture stress supports our hypothesis that chronic hunger is not a stressor in this species. Overall, our
results suggest that elevated serum CBG expression may be an important adaptation to spare proteins
by limiting cortisol bioavailability during extendedsfimg in polar bears.

Cortiso] StressPolar Bear

Rode, K. D., Stricker, C. A., Erlenbach, J., Robbins, C. T., Cherry, S. G., Newsome, S. D., Cutting, A.,
Jensen, S., Stenhouse, G., Brooks, M., Hash& Alicassio, N. (2016)sotopic Incorporation and the
Effects of Fasting and Dietary Lipid Content on Isotopic Discrimination in Large Carnivorous Mammals
Physiological and Biochemical Zoology, 89(2¢197. https://doi.org/10.1086/686490

There has been considerable emphasis on understanding isotopic discrimination for diet estimation in
omnivores. However, discrimination may differ for carnivores, particularly species that consume lipid

rich diets.Here, weexamined the potential implications of several factors when using stable isotopes to
estimate the diets of bears, which can consume Hith diets and, alternatively, fast for weeks to

months We conducted feeding trials with captive brown bedyss(isarctog and polar bearsrsus

maritimus). As dietary lipid content increased to ~90%, we observed increasing differences between

0t 22R LI FAaYl YR RASGA { KGsdleoudid) ahd slightly demr8aSing f A LA R SE
differences between pl & Y +C and lipieextracted diet. Plasmpa®*Nissuebuik dgietincreased with
increasing protein content for the four polar bears in this study and data for other mammals from
previous studies that were fed purely carnivorous diets. Four adult and &aurtigg brown bears that
FILAGSR mHun W HR diStaF &KH G+ OKIF y3aSR 0@ fpH:® ClLaldAiy3
1% @ LA202LIAO AYO2NLRNIGAZ2Y AYy NBR o0f22R OStfta |y
younger and smaller black beatdréus americanysOur results suggest that shadrm fasting in

carnivores has minimal effects o%°C and **N discrimination between predators and their prey but

GKFG RASGINE fALAR 02y GSyl Radistrigiinationadantiddtly & F I Od 2 N.
I F ¥ S &N disérinination via the inverse relationship with dietary protein content.

¢

Food Polar BearBlack Bear
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Jansen, H. T., Leise, T., Stenhouse, G., Pigeon, K., Kasworm, W., Teisberg, J., Radandt, T., Dallmann, R.,
Brown, S., & Robbins, C. T. (2016)KS 06 SI NJ OANDI RALY Of 201 R2SayQi wa
Frontiers in Zoology, 13@Q). https://doi.org/10.1186/s12983-016-0173X

Background: Most biological functions are synchronized to the environmental light:dark cycle via a
circadian timekeeping system. Bears exhibit shallow torpor combined withbukc suppression during
winter dormancyWe sought to confirm that freeunning circadian rhythms of body temperature (Th)

and activity were expressed in torpid grizzly (brown) bears and that they were functionally responsive to
environmental light Wealso measured activity and ambient light exposures in denning wild bears to
determine if rhythms were evident and what the photic conditions of their natural dens were. Lastly, we
used cultured skin fibroblasts obtained from captive torpid bears to agsetecular clock operation in
peripheral tissues. Circadian parameters were estimated using robust wavelet transforms and maximum
entropy spectral analyses.

Results: Captive grizzly bears housed in constant darkness during winter dormancy expresseda circadi
rhythms of activity and Th. The rhythm period of juvenile bears was significantly shorter than that of
adult bears. However, the period of activity rhythms in adult captive bears was virtually identical to that
of adult wild denning bears as was theestgth of the activity rhythms. Similar to what has been found

in other mammals, a single light exposure during the bear's active period delayed subsequent activity
onsets whereas these were advanced when light was applied during the bear's inactive lpasibg.in

vitro studies confirmed the expression of molecular circadian rhythms with a period comparable to the
bear's own behavioral rhythms.

Conclusions: Based on these findings we conclude that the circadian system is functional in torpid bears
and their peripheral tissues even when housed in constant darkness, is responsive tespiifting
effects of light, and therefore, is a normal facet of torpid bear physiology.

PhysiologyDenning
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BEHAVIOUR ANPREDATION

Figurel5. Remains of a bighorn sheep carcass documented at a grizzly bear GPSRtiosteny Leonie Brown.

Here we explordnow telemetry data can be used to predict grizzly bear behaviour, focusing on
predation.

Cristescu, B., Stenhouse, G. B., & Boyce, M. S. (2@1&licting multiple behaviors from GPS
radiocollar cluster dataBehavioral Ecology, 26(2), 4&864. https://doi.org/10.1093/beheco/aru214

Advancenents in GPS radiotelemetry allow collection of vast data for a variety of species including those
for which direct observations are typically not feasible. Predicting behavior from telemetry data is
possible, but telemetry fix rate can influence infereacand animal behavior itself can affect fix success.
We use multinomial regression to predict behavior from GPS radiocollar data field validated with
behavioral state informationOur study organism was a facultative carnivore, the grizzly hizau$

arcdos) (n =10) from a threatened population in Alberta, Canada, monitored during 2008. Models

using GPS cluster parameters alone successfully predicted ungulate consumption, whereas bear bedding
was sufficiently identified by models that included digeel information. Predicting more complex

behaviors required models incorporating both cluster parameters and habitat characteristics. No model
reliably predicted vegetation feeding, probably because this activity is shorter than the time required for
cluster formation. Models built using infrequent fix rates underestimated all behaviors, with bear
presence at ungulate carcass sites least sensitive to fix rate variability. Behavior influenced fix success,
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with highest fix acquisition occurring when beagd bn vegetation. Placing predictions into a
conservation context, we show that grizzly bears modify their behavior as they move through a
landscape with complex humaactivity patterns on reclaimed opepit mines, foothill, and mountain
regions. The modelg approach we tested needs further applications across species and ecosystems
including behavioral monitoring, quantifying activity budgeting, and identifying areas/habitats important
for specific behaviors that may warrant conservation.

Telemetry Mining, Behaviouy HabitatUse Predation Bedding

Kermishwells, J., Massolo, A., Larsen, T. A., Musiani, M., & Stenhouse, G. B. (ZiiEtetime
clusters for early detection of grizzly bear predatioBcology and Evolutior8(1),382¢395.
https://doi.org/10.1002/ece3.3489

Accurate detection and classification of predation events is important tordetes predation and
consumption rates by predators. However, obtaining this information for large predators is constrained
by the speed at which carcasses disappear and the cost of field data collection. To accurately detect
predation events, researcherafe used GPS collar technology combined with targeted site visits.
However, kill sites are often investigated well after the predation event due to limited data retrieval
options on GPS collars (VHF or UHF downloading) and to ensure crew safety wheg witkkiarge
predators. This can lead to misgiinformation from smalprey (including young ungulates) Kill sites due
to scavenging and general site deterioration (e.g., vegetation groWitb)used a spaectme

permutation scan statistic (STPSS) clustemethod (SaTScan) to detect predation events of grizzly
bears Ursus arctoffitted with satellite transmitting GPS collawe used generalized linear mixed

models to verify predation events and the size of carcasses using spatiotemporal characasistics
predictors. STPSS uses a probability model to compare expected cluster size (space and time) with the
observed size. We applied this method retrospectively to data from 2006 to 2007 to compare our
method to random GPS site selection. In 2@034, we aplied our detection method to visit sites one
week after their occupation. Both datasets were collected in the same study area. Our approach
detected 23 of 27 predation sites verified by visiting 464 random grizzly bear locations 2 @DDEL87

of which were within spacdime clusters and 277 outside. Predation site detection increased by 2.75
times (54 predation events of 335 visited clusters) using ZMi3 data. Our GLMMs showed that

cluster size and duration predicted predation events and cardassagth high sensitivity (0.72 and 0.94,
respectively). Coupling GPS satellite technology with clusters using a program based etingpace
probability models allows for prompt visits to predation sites. This enables accurate identification of the
carcassize and increases fieldwork efficiency in predation studies.

Predation Telemetry Food

Cristescu, B., Stenhouse, G. B., & Boyce, M. S. (2@r##¥zly bear ungulate consumption and the
relevance of preysize to caching and meat sharingnimal Behaviouy 92, 13§142.
https://doi.org/10.1016/j.anbehav.2014.03.020

Prey consumption forms a large part of p#egndling time, and kowledge of where prey is ingested

can inform management of predatqurey systems. Safeguarding habitats that promote prey
consumption could enhance populations of facultative or obligate carnivores of conservation concern.
We investigated habitat charactietics at 124 sites where radiocollared adult grizzly bdarsys arctos

(N =9) consumed ungulates, and we contrasted these sites with paired random\Aleedeveloped a

priori models incorporating the potential effects of ungulate and plant food tistion as well as risks

of detection by humans and other carnivores on consumption site choice, and evaluated which factors
best explain grizzly bear foarhching behaviour. Ungulates were consumed in forested areas, close to
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edges, and where horizontal wer was high, whereby vegetation impeded visibility of the ungulate

carcass. Distance to roads had no effect on the distribution of prey consumption sites, but carcasses
were further from trails than expected. Models incorporating presence/absence ofdeumgulate

bear foods had little weight of evidenceipKn ® n m cazhing deha¥iour did not appear to be related

to variation in resource availability or risk of food spoilage but was significantly influenced by prey size.
Although bears chose sites that minimized detection risk, spent more time at laage=sses and

cached 75.9% of ungulates, 50% of consumption sites had other carnivore sign, which was more likely to
be present at large carcasses.

Predation Lardcover Roads Trails ForestStructure Human Access

GENETICSNDINTRASPECIENTERACTIONS

Figurel6. Three curious grizzly bear cubs investigating a scent bait at a haisgeag

In this sectionye use data on grizzly bear genetics and movement to better understand grizzly bear
populationboundaries andinteractionsbetween grizzly bears

Stenhouse, G., Boulanger, J., Lee, J., Graham, K., Duval, J., & Cranston, J G206 )ear
associations along the eastern slopes of Albertirsus, 16(1), 3d40. https://doi.org/10.2192/1537-
6176(2005)016[0031:GBAATE]2.0.C0O;2
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We used Doncaster's teki differentiate home range overlap in range use from mutual attraction in
grizzly bearsyrsus arctogbased on global positioning system (GPS) telemetry. ¢fatan a sample of

cm O2ffI NBR 60SFNEX nnan LI ANB 27F dntedchdther@tabiokt2z y & LI |
the same time (within 3 hr). From these 404 pairs, 68 were significantly positive associations (mutual
attraction) in which 65% were mafemale (MF) and 35% were the same sex. Most MF associations
involved adults. Male and female &es had associations with 1.8 and 1.2 partners/year, respectively.
Associations between males occurred twice as often in theberey season than in the berry season,
whereas femaldemale (FF) associations occurred more frequently in the berry seaseterdgth of
samesex associations was significantly shorter than MF associationsofétgercent of MF pairs
associated more than once within a single year. For MF associations, the mean distance between
individuals was 152 m. Our findings suggest trazly bears can spend a considerable amount of time
interacting with conspecifics and that behavioral interactions between grizzly bears are more
complicated than we understand. Human activity that affects grizzly bear associations could disrupt
social havior and ultimately reproduction.

Home RangeReproductionBehaviour

Mowat, G., Heard, D. C., Seip, D. R., Poole, K. G., Stenhouse, G., & Paetkau, D. WQADAY).
(Ursus arctoyand blackoear U. americanu¥ densities in the interior mountains of North America.
Wildlife Biology, 11(1), 3d48. https://doi.org/10.2981/0909-6396(2005)11[31:GUAABB]2.0.C0O;2

We colected hair samples from bears and used microsatellite genotyping to identify individual bears on
three study areas near the Canadian Rocky Mount&ifesestimated density of grizzly beddssus

arctosin eight different ecosystems across five study ar@asuding the reanalysis of two previously
published data setdVe also estimated black beldr americanuslensity for two ecosystems in one

study area. Grizzly bear density was lowest in boreal anébeubal plateau areas, moderate in the

Rocky Mountaireast slopes and highest in the Rocky Mountain west slopes. Presumably these gross
differences are related to ecosystem productivity. In the Rocky Mountain west slopes, grizzly bear
density was lower in populations that were partially isolated from the ita@us bear population to the
north. Presumably, these differences have more to do with human impacts on habitat and survival than
ecosystem productivity, because productivity in partially isolated areas was similar to productivity in
adjacent continuous @pulations. We show that large differences in bear density occur down to the
ecoregion scale; broader ecosystem classes such as Banci's (1991) grizzly bear zones, ecoprovinces or
ecozones would include areas with major differences in density and are therifo coarse a scale at
which to predict grizzly bear density. There appears to be little movement across ecoregion boundaries
further suggesting that this may be an appropriate scale at which to extrapolate density. Differences in
density across finescale ecosystems are likely due to seasonal movements and not population level
differences in density. Average bear movements were longer in less productive ecosystems. Female
grizzly bears did not appear to leave their home ranges to fish for salnoortynchusspp., and extra
territorial movements by males appeared to be rare, in both ecosystems which supported spawning
salmon.

Population InventoryDensity Fragmentation Hair SnagHuman UsgBlack Bear

Proctor, M. F., Paetkau, D., Mclellan, B. N., Stenhouse, G. B., Kendall, K. C., Mace, R. D., Kasworm, W.
F., Servheen, C., Lausen, C. L., Gibeau, M. L., Wakkinen, W. L., Haroldson, M. a., Mowat, G., Apps, C.
D., Ciarniello, L. M., Barclay, R. M. R., BoydeS., Schwartz, C. C., & Strobeck, C. (2028pulation
fragmentation and interecosystem movements of grizzly bears in western Canada and the northern
United StatesWildlife Monographs, 180(1), ¢46. https://doi.org/10.1002/wmon.6
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Population fragmentation compromises population viability, reduces a spgedidisy to respond to

climate change, and ultimately may reduce biodiverdiMe studied the current state and potential
causes of fragmentation in gdly bears over approximately 1,000,000?kifwestern Canada, the

northern United States (US), and southeast Ala¥%a compiled much of our data from projects
undertaken with a variety of research objectives including population estimation and trend, landscape
fragmentation, habitat selection, vital rates, and response to human development. Our primary
analytical techiques stemmed from genetic analysis of 3,134 bears, supplemented with radiotelemetry
data from 792 bears. We used 15 locus microsatellite data coupled with measures of genetic distance,
isolationby-distance (IBD) analysis, analysis of covariance (ANCI@¥A) multiple regression, muti
factorial correspondence analysis (to identify population divisions or fractures with no a priori
assumption of group membership), and populatassignment methods to detect individual migrants
between immediately adjant areas. These data corroborated observations of Hiea movements

from our telemetry database. In northern areas, we found a spatial genetic pattern of IBD, although
there was evidence of natural fragmentation from the rugged heavily glaciated cmasitains of

British Columbia (BC) and the Yukon. These results contrasted with the spatial pattern of fragmentation
in more southern parts of their distribution. Near the Can&#fa border area, we found extensive
fragmentation that corresponded to settledountain valleys and major highways. Genetic distances
across developed valleys were elevated relative to those across undeveloped valleys in central and
northern BC. In disturbed areas, most irtlgea movements detected were made by male bears, with
few female migrants identified. Nortsouth movements within mountain ranges (Mts) and across BC
Highway 3 were more common than eagest movements across settled mountain valleys separating
Mts. Our results suggest that relatively distinct subpopulatioristéx this region, including the Cabinet,
Selkirk South, and the decadisslated Yellowstone populations. Current movement rates do not
appear sufficient to consider the subpopulations we identify along the Cab&dorder as 1 inter
breeding unit. Altough we detected enough male movement to mediate gene flow, the current low
rate of female movement detected among areas is insufficient to provide a demographic rescue effect
between areas in the immediate future-(® yr). In Alberta, we found fragmentah corresponded to
major eastwest highways (Highways 3, 11, 16, and 43) and most-area movements were made by
males. Gene flow and movement rates between Alberta and BC were highest across the Continental
Divide south of Highway 1 and north of Higiyn 6. In the central region between Highways 1 and 11,
we found evidence of natural fragmentation associated with the extensive glaciers and icefields along
the Continental Divide. The discontinuities that we identified would form appropriate boundaries f
management units. We related sepecific movement rates between adjacent areas to several metrics
of human use (highwatyaffic, settlement, and humaicaused mortality) to understand the causes of
fragmentation. This analysis used data from 1,508 bsanspled over a 161,56km? area in

southeastern BC, western Alberta, northern Idaho, and northern Montana during-2IX% . This area
was bisected by numerous human transportation and settlement corridors of varying intensity and
complexity. We used mtiple linear regression and ANCOVA to document the responses of female and
male bears to disturbance. Males and females both demonstrated reduced movement rates with
increasing settlement and traffic. However, females reduced their movement rates draflyatteen
settlement increased to >20% of the fracture zone. At this same threshold, male movement declined
more gradually, in response to increased traffic and further settlement. In highly settled areas (>50%),
both sexes had a similar reduction in movertteein response to traffic, settlement, and mortality. We
documented several small bear populations with maifdy immigration, highlighting the importance of
investigating sexspecific movements. Without female connectivity, small populations are noteviab

over the long term. The persistence of this regional female fragmented metapopulation likely will
require strategic connectivity management. We therefore recommend enhancing female connectivity
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among fractured areas by securing linkaapme habitat appopriate for female dispersal, and ensuring
current large source subpopulations remain intact. The fragmentation we documented may also affect
other species with similar ecological characteristics: sparse densities, slow reproduction, shert male
biased disprsal, and a susceptibility to humaaused mortality and habitat degradation. Therefore,
regional interjurisdictional efforts to manage broad landscapes for iraeza movement will likely

benefit a broad spectrum of species and natural processes, pkatig in light of climate change.

ClimateChange Fragmentation DNA RoadsHuman UsgBritish Columbia

Nielsen, S. E., Shafer, A. B. Boyce M. S., & Stenhouse, G. B. (201Bpes learning or instinct shape
habitat selection?PloS ONE,(&),e53721 https://doi.org/10.1371/journal.pone.0053721

Habitat selection is an importaiehavioural process widely studied for its populatiexel effects.

Models of habitat selection are, however, often fit without a mechanistic considerdtere, we
investigated whether patterns in habitat selection result from instinct or learning fmpalation of

grizzly bearsUrsus arctosin Alberta, CanadaVe found that habitat selection and relatedness were
positively correlated in female bears during the fall season, with a trend in the spring, but not during any
season for males. This suggestat habitat selection is a learned behaviour because males do not
participate in parental care: a genetically predetermined behaviour (instinct) would have resulted in
habitat selection and relatedness correlations for both sexes. Geographic distatht®m@e range

overlap among animals did not alter correlations indicating that dispersal and spatial autocorrelation
had little effect on the observed trends. These results suggest that habitat selection in grizzly bears are
partly learned from their mothes, which could have implications for the translocation of wildlife to

novel environments.

Habitat SelectionTranslocationsBehaviour DNA

Shafer, A. B. ANielsen, S. E., Northrup, J. M., & Stenhouse, G. B. (2Qir&ing genotype, ecotype,
and phenotype in an intensively managed large carnivoEolutionary Applications, 7(2), 3@B12.
https://doi.org/10 .1111/eva.12122

Numerous factors influence fitness of fre@nging animals, yet often these are uncharacterii§@.
integrated GPS habitat use data and genetic profiling to determine their influence on fitness proxies
(mass, length, and body condition)arthreatened population of grizzly beatdr§us arctosin Alberta,
CanadaWe detected distinct genetic and habitat use (ecotype) clusters, with individual cluster
assignments, or genotype/ecotype, being correlated (Pearsof.34,P <0.01). Related idividuals

showed evidence of similar habitat use patterns, irrespective of geographic distance and sex. Fitness
proxies were influenced by sex, age, and habitat use, and homozygosity had a positive effect on these
proxies that could be indicative of outleding depression. We further documented over 300
translocations occurring in the province since the 1970s, often to areas with significantly different
habitat. We argue this could be unintentionally causing the pattern of outbreeding, although the
heterozygosity correlation may instead be explained by the energetic costs associated with larger body
size. The observed patterns, together with the unprecedented humadiated migrations, make
understanding the link between genotype, ecotype, and phenotypemaadhanisms behind the

negative heterozygosititness correlations critical for management and conservation of this species.
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Figurel?7. Resource selection function (RSF) scores for grizzly bear habitat (left graph) and mortality risk scores (right graph)
used as mark point covariates in the density surface model for analysis of Alberta grizzly bear inventory d&ta (@Q®th
casesncreasing RSF and Risk score suggest increasing habitat value and increasing levels of mortality risk. Figure taken from
Boulanger et al. 2018, @5.

While inThe Environmental Contegtizzly bear habitat components were clagsifand mapped, in this
section, information on grizzly bear location, movement, and survival were used to determine areas
where grizzly bears were found in relation to these habitat types, and the core grizzly bear areas for
management were defined.

Nielsen, S. E., Boyce, M. S., Stenhouse, G. B., & Munro, R. H. M. (Ra@x®ling grizzly bear habitats
in the Yellowhead ecosystem of Alberta: taking autocorrelation serioudlysus, 13, 4666.
https://www.jstor.org/stable/3873186

We used resource selection functions (RSF) to estimate relative probability of grizzlyiseer §rctop

use for habitats, landscape features, and areas of varying human access density acrosskmb,342

study area invest-central Alberta, Canad&lodels were developed based on 1999 data at both the
population and individual levels for the spring and sumgaetumn seasons. Individuabsed RSF

models revealed strong differences in selection among animals. Models geddior the summeg

autumn season fit better than models of the spring season. High greenness values, derived from Landsat
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imagery, corresponded well with grizzly bear habitat use. Significance of parameters was frequently
overestimated when using logistiegression models that were unadjusted for autocorrelation or
pseudoreplication, both in individudlased models and in populatidrased models. Although not

affecting predictability of bears at the individdalel, such biases may lead to inappropriabe@dusions
without adjustment. Populatio#based models further showed bias without correction for pseudo
replication within individuals (unit of replication). Consideration of variance inflation factors and nesting
of telemetry points on the individual eimces the reliability of habitat modeling. We found problems
predicting grizzly bear habitat use when local habitat index models were used. The RSF models
presented here improve such models while also generating information on the contribution of particula
environmental variables.

Habitat SelectionRSFLandsatManagement Areas

Popplewell, C., Franklin, S. E., Stenhouse, GdaftBeyer, M. (2003)Using landscape structure to
classify grizzly bear density in Alberta Yellowhead Ecosystem bear management umgss, 14(1),
27¢34. https://www.jstor.org/stable/3872954

Landscpe metrics derived from a LandsatThematic Mapper (TM) satellite image classification of
landcover were used to quantify the structure of grizzly b&as(s arctoshabitat within bear
management units (BMUS) in the Yellowhead Ecosystem ineegstal Alberta, CanadaStatistical
relationships were developed using 3 bear density classes that were based on DNA data obtained in
1999 from 192 hair shagging stations distributed withikn§ grid cells. The relative differences among
the available 16 BMUs we quantified and interpreted using 4 landscape metrics (edge density, mean
patch size, meanearestneighbor, and patch size covariance). Using discriminant functions, greater
than 80% accuracy was achieved with these metrics in classification of BMildewyimedium, and

high bear density classes. BMUs with higher bear density had lower edge density and greater mean
patch size; BMUs with lower bear density had greater patch size covariance and mean nearest
neighbour distance.

Edge Density DNA Management Aregd_andsatLandcover

Nielsen, S. E., Stenhouse, G. B., & Boyce, M. S. (280d@bitatbased framework for grizzly bear
conservation in AlbertaBiological Conservation, 130(2), 2§229.
https://doi.org/10.1016/j.biocon.2005.12.016

Grizzly bearUrsus arctos..) populations in Alberta are threatened by habitaslasd high rates of
humancaused mortality. Spatial depictions of fithess would greatly improve management and
conservation action. We are currently challenged, however, in our ability to parameterize demographic
rates necessary for describing fitness, @splly across gradients of human disturbance and for land
cover types. Alternative approaches are therefore needd.describe here a method of estimating
relative habitat states and conditions as surrogates of fitness using models of occupancy arlidymorta
risk. By combining occurrence and risk models into a-tlivoensional habitat framework, we identified
indices of attractive sinks and safe harbour habitats, as well as five habitat statestitical habitats,
secondary habitats (lowjuality and seare), primary habitats (higlquality and secure), secondary sinks
(low-quality, but high risk), and primary sinks (higimlity and high risk). Primary sink or high attractive
sink situations were evident in the foothills where bears were using forestseaggociated with

forestry and oil and gas activities on Crown lands, while primary habitats or safe harbour sites were
most common to protected alpine/suéilpine sites. We suggest that habitat states and indices be used
for setting baseline conditions fonanagement and comparison of habitat conditions over time and
identification of grizzly bear conservation reserves. A no net loss policy of critical habitats could be used
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to maintain existing habitat conditions for landscapes threatened by human develuptdnder such a
policy, conversions of primary habitat would require restoration of equivalent amounts of primary sinks
through decommissioning of roads.

Management AregsMap ProductHabitatMapping FithessMortality; Forestry Oil and Gas

Nielsen, S. E., Cranston, J., & Stenhouse, G. B. (2@@dification of priority areas for grizzly bear
conservation andecovery in Alberta, Canadaournal of Conservation Planning, 5,3®.

In Alberta, Canada, high rates of hurr@aused mortality threaten the lorterm persistence of grizzly
bears. To reduce this threat, the provincial grizzly bear recovery team suddkatecore conservation

areas of at least 2,400 Krbe delineated for each of seven population units where open access road
density is limited to 0.6 km/kfand buffered by secondary conservation areas where road density is
limited to 1.2 km/kni. We useda habitat model based on 81 radicollared grizzly bears and a road
network to identify core conservation areas for six population units using two comparative techniques:
(1) simulated annealing; and (2) contours of safe harbor hab#atindex of secer habitat.Model
effectiveness was evaluated by comparing grizzly bear detections (occupancy) in conservation areas to
existing protected areas at 2,295 hainag sites. Habitat was similar among techniques, while simulated
annealing resulted in lower roadensities and higher occupancy rates. Overlap among techniques was
46% of combined area. Using results from both analyses, Alberta Sustainable Resource Development
modified core areas to follow watershed boundaries, nearly doubling their extent to 3R864

Secondary conservation areas buffering and/or connecting core areas added an additional 23,224 km
Grizzly bear occupancy in final core areas did not differ significantly from protected areas, while
occupancy was 4 to 6 times lower in secondary cora®n areas. We suggest that the comparative
modeling approach used strengthened decision support and value of models and that effectiveness
monitoring and adaptive management be used to adjust future management strategies and locations of
core area boudaries.

Access Managementlanagement AregsRoadsHair SnagProtected AregdMap ProductSecurity

Nielsen, S. E., McDermid, G., Stenhouse, G. B., & Boyce, M. S. (B&b@mic wildlife habitat models:
Seasonal foods and mortality risk predict occuparaiyundance and habitat selection in grizzly bears.
Biological Conservation, 143), 1623;1634.https://doi.org/10.1016/j.biocon.2010.04.007

Most current wildlife habitat models, such as resource selection functions, typically assume a static
environment, extrapolate poorly in spaead time, and often lack linkages to population processes. We
submit that more mechanistic habitat models that directly consider botigmresources affecting

growth and reproduction (i.e., food) and tefown limitations affecting survival are needed to

effectively predict habitat quality, especially in the presence of rapid environmental chelege we
present a general model for estimating potential habitat quality (relating to growth and reproduction)
and realised habitat quality (accounting for sur¥jussing basic knowledge of the species' seasonal diet,
predicted locations of food resource patches and regional patterns in mortalitywiskllustrate our

model for a threatened population of grizzly bears in weshtral Alberta. Bmonthly potentialhabitat
quality successfully predicted habitat selection by rachtlared grizzly bears, while muieasonal

realised habitat quality predicted patterns in occupafatyundance as measured from unique bears at
hair-snag sites. Bottorup resources therefi@ predicted patterns of habitat selection, while tapwn
processes (survival) were necessary to soaléo population measures. We suggest that more direct
measures of resources and environments that affect growth, reproduction and survival, as malichs
the temporal scale of animal behaviour, be considered when developing wildlife habitat models.

Habitat SelectionMortality; Food
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Apps, C. D., McLellan, B. N., Proctor, M. F., Stenhouse, & &ervheen, C. (20)6Predicting spatial
variation in grizzly bear abundance to inform conservatiorhe Journal of Wildlife Management,
80(3), 39&413 https://doi.org/10.1002/jwmg.1037

Understanding thespatial structure of populations is fundamental to effective assessment, planning,
and management for species conservation. Because of their sensitivity and public interest, grizzly bears
(Ursus arctopsare focused upon in some localized development issue proactive conservation
initiatives. Knowledge regarding the spatial context of regional grizzly bear populations is important, but
often a defensible representation of probable population distribution, core areas, and connectivity is
lacking.We descibe the development and assessment of a regional landscape model of grizzly bear
density and distributionOur study region comprised 180,000 %amd 20 management units of

southeast British Columbia and southwest Alberta. Our raetalysis was based ot from 20
independent grizzly bear population surveys across the region. While accounting for differing design
parameters among surveys, we contrasted grizzly bear detections against sampling representation
relative to scaledependent landscape factor®ur predictors pertained to the influence of climate,

terrain, land cover, vegetation indices, and human activity. Associations within survey areas were
consistent with ecological influences on grizzly bear foods and human influences on grizzly bear
mortality risk and landscape avoidance. A multiple logistic regression model based on independent
components of ecological variation fit well the data pooled across the region and within individual
survey areas. Average values of detection probability amongguareas predicted population density

(R =0.64 or 0.79 depending on one outlier). Our results support application of our model across
southeast British Columbia and southwest Alberta for assessment and planning that requires regional
and local context ofrizzly bear population abundance and distribution, and inference of core areas and
population connections among them. For any geographic area, a population estimate can be obtained
that is reflective of surveys used in the model. Spatial predictionarfprdefined population are likely to

be more reliable than those extrapolated from tracking data of individual animals given limitations
typical of such sampling. Ultimately, model output provides regional population context for
environmental assessment,anagement, and conservation planning, nested within which should be
finer- scale data and prediction where available.

Distribution Density ConnectivityHuman UsgPopulationnventory Management AregBritish
Columbia

Boulanger, J., Nielsen, S. E., & Stenhouse, G. B. (20%8)g spatial markecapture for conservation
monitoring of grizzly beapopulations in Alberta.Scientific Reports, 8(5204)15.
https://doi.org/10.1038/s41598-018235023

One of the challenges in conservation is determining patterns and responses in populatidy dedsi
distribution as it relates to habitat and changes in anthropogenic activifiesapplied spatially explicit
capture recapture (SECR) methods, combined with density surface modelling from five grizzly bear
(Ursus arctosmanagement areas (BMAS) itbérta, Canada, to assess SECR methods and to explore
factors influencing bear distributiofiere we used models of grizzly bear habitat and mortality risk to
test local density associations using density surface modelling. Results demonstratespBoifa

factors influenced density, as well as the effects of habitat and topography on detections and
movements of bears. Estimates from SECR were similar to those from closed population models and
telemetry data, but with similar or higher levels of precisibliabitat was most associated with areas of
higher bear density in the north, whereas mortality risk was most associated (negatively) with density of
bears in the south. Comparisons of the distribution of mortality risk and habitat revealed differences by
BMA that in turn influenced local abundance of bears. Combining SECR methods with density surface

Grizzly Bear ResponseSrizzly Bear Habitat and Management Area
Determination 75

(fR1) ‘ fRI Research

g Land & Resource Management


https://doi.org/10.1002/jwmg.1037
https://doi.org/10.1038/s41598-018-23502-3

TWO DECADES OF SCIENCE TO PROVIDE KNOWLEDGE AND PLANNING TOOLS TO ENSURE THE LO
TERM CONSERVATION OF GRIZZLY BEARS IN ALBERTA.

modelling increases the resolution of madcapture methods by directly inferring the effect of spatial
factors on regulating local densities of animals.

Population MonitoringDensity Hair SnagDistribution

HABITATQUALITY ANBITNESS

Figurel8. A grizzly bear travels alongrasource road.

Here, we describe how various aspects of habitat quality influence grizzly bear stress andTitigess.
section includes discussions of anthropogenic disturbances along with natural habitat variation.

Boulanger, J., Cattet, M., Nielsen, S. E., Stenhouse, G., & Cranston, J. (284 3 multistate models
to explore relationships between changes in body condition, habitat and survival of grizzly bdesgs
arctos horribilis Wildlife Biology, 19(3), 415. https://doi.org/10.2981/12-088

One of the principal goals of wildlife research and management is to understand and predict
relationships between habitat quality, health of individuals and their abilitguivive. Infrequent
sampling, norrandom loss of individuals due to mortality and variation in capture susceptibility create
potential biases with conventional analysis methotis.account for such sampling biases, we used a
multi-state analytical approdcto assess relationships between habitat, health and survival of grizzly
bearsUrsus arctos horribilisver a 18year period along the east slopes of the Canadian Rockies in
Alberta, CanadaVe defined bear health states by body condition estimated framrelationship
between weight and body length. We used a sequential model building process to first account for
potential sampling biases, and then explored changes in body condition relative to habitat use and
survival. Bears that used regenerating fdrieabitats (mostly due to forest harvesting) containing a
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diversity of age classes were more likely to see gains in their body condition, whereas bears that used
older forests were more likely to see reductions in body condition. Sumgtalvas reduced most by

road densities which in turn were positively correlated with regenerating forest habitat. Human
activities which promote young regenerating forests, such as forest harvesting, therefore promotes
improved healthificreased body condition) in bears, but are offset by reductions in survival rates.
Multi-state analyses represents a robust analytical tool when dealing with complex relationships and
sampling biases that arise from dynamic environments.

Mortality; Health Body ConditionCapture MethodsForestry Roads

Nielsen, S. E., Cattet, M. R. L., Boulanger, J., Cranston, J., McDermid, G. J., Stiafe&, $tenhouse,
G. B. (2013)Environmental, biological and anthropogenic effects on grizzly bear body size: temporal
and spatial considerationsBMC Ecology, 13(1)¢31. https://doi.org/10.1186/1472-678513-31

BACKGROUND: Individual body growth is controlled in large part by the spatial and temporal
heterogeneity of, and competition for, resources. Grizzly bddrsys arctos..) are an excellent species
for studying the effects of resource heteraggty and maternal effects (i.e. silver spoon) on life history
traits such as body size because their habitats are highly variable in space anddneewe evaluated
influences on body size of grizzly bears in Alberta, Canada by testing six factascthaited for

spatial and temporal heterogeneity in environments during maternal, natal and 'capture' (recent)
environments After accounting for intrinsic biological factors (age, sex), we examined how body size,
measured in mass, length and body coraitiwas influenced by: (a) population density; (b) regional
habitat productivity; (c) intemannual variability in productivity (including silver spoon effects); (d) local
habitat quality; () human footprint (disturbances); and (f) landscape change.

RESULS: We found sex and age explained the most variance inrbasy, condition and lengti{

from 0.480.64). Interannual variability in climate the year before and of birth (silver spoon effects) had
detectable effects onlte threebody size metricsR from 0.040.07); both maternal (year before birth)
and natal (year of birth) effects of precipitation and temperature were related with body size. Local
heterogeneity in habitat quality also explained variant®ody mass and conditioffrom 0.0%0.08),
while annual rate of landscape change explained addifieariance in body lengtf of 0.03). Human
footprint and population density had no observed effect on body size.

CONCLUSIONS: These results illustrated that body size patterns of grizzlwhigatargely affected by
basic biological characteristics (age and sex), were also influenced by regional environmental gradients
the year before, and of, the individual's birth thus illustrating silver spoon effects. The magnitude of the
silver spoon #ects was on par with the influence of contemporary regional habitat productivity, which
showed that both temporal and spatial influences explain in part body size patterns in grizzly bears.
Because smaller bears were found in colder andesductive ewvironments, we hypothesize that

warming global temperatures may positively affect body mass of interior bears.

Body SizeClimate LandcoverClimate Changd-amily Dynamics

Bourbonnais, M. L., Nelson, T. A., Cattet, M. R. L., Darimont, C. T., Stenhouse, G. B., & Janz, D. M.
(2014).Environmental factors and habitat use influence body condition nélividuals in a species at
risk, the grizzly bearConservatbn Physiology, 2(), cou043 https://doi.org/10.1093/conphys/cou043

Metrics used to quantify the condition or physiological states of individuals provide proactive
mechanisms for understanding population dynamics in the context of environmental faCirstudy
examined how anthropogenic disturbance, habitat charactegsand hair cortisol concentrations
interpreted as a sespecific indicator of potential habitat netnergy demand affect the body condition
of grizzly bearsn(=163) in a threatened population in Alberta, Canadé quantified environmental
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variables bymodelling spatial patterns of individual habitat use based on global positioning system
telemetry data. After controlling for gender, age and capture effects, we assessed the influence of
biological and environmental variables on body condition usin@lingixedeffects models in an
information theoretical approach. Our strongest model suggested that body condition was improved
when patterns of habitat use included greater vegetation productivity, increased influence of forest
harvest blocks and oil anchg well sites, and a higher percentage of regenerating and coniferous forest.
However, body condition was negatively affected by habitat use in close proximity to roads and in areas
where potential energetic demands were high. Poor body condition wasaasuaciated with increased
selection of parks and protected areas and greater seasonal vegetation productivity. Adult females,
females with cub®f-year, juvenile females and juvenile males were in poorer body condition compared
with adult males, suggestintbat intra-specific competition and differences in habitat use based on
gender and age may influence body condition dynamics. Habita¢metgy demand also tended to be
higher in areas used by females which, combined with observed trends in body conddidd affect
reproductive success in this threatened population. Our results highlight the importance of considering
spatiotemporal variability in environmental factors and habitat use when assessing the body condition
of individuals. Longerm and lar@-scale monitoring of the physiological state of individuals provides a
more comprehensive approach to support management and conservation of species at risk.

Body ConditionDisturbanceCortisol Health Forestry Oiland Gas Roads StressReproduction

Bourbonnais, M. L., Nelson, T. A., Cattet, M. R. L., Darimont, C. Steghouse, G. B. (2013 patial
analysis of factors influencing lonrterm stress in the grizzly beatJfsus arctoy population of Alberta,
CanadaPloS One, 8(12§83768 https://doi.org/10.13 71/journal.pone.0083768

Noninvasive measures for assessing lbegn stress in free ranging mammals are an increasingly
important approach for understanding physiological responses to landscape condiiging.a spatially

and temporally expansive datasef hair cortisol concentrations (HCC) generated from a threatened
grizzly bearWrsus arctospopulation in Alberta, Canada, we quantified how variables representing
habitat conditions and anthropogenic disturbance impact k&gn stress in grizzlyears.We

characterized spatial variability in male and female HCC point data using kernel density estimation and
guantified variable influence on spatial patterns of male and female HCC stress surfaces using random
forests. Separate models were develodedregions inside and outside of parks and protected areas to
account for substantial differences in anthropogenic activity and disturbance within the study area.
Variance explained in the random forest models ranged from 55.34% to 74.96% for maleslhtd &8
68.46% for females. Predicted HCC levels were higher for females compared to males. Generally, high
spatially continuous female HCC levels were associated with parks and protected areas wttle low
moderate levels were associated with increasethampogenic disturbance. In contrast, male HCC levels
were low in parks and protected areas and fowmoderate in areas with increased anthropogenic
disturbance. Spatial variability in genegpecific HCC levels reveal that the type and intensity of eater
stressors are not uniform across the landscape and that male and female grizzly bears may be exposed
to, or perceive, potential stressors differently. We suggest observed spatial patterns gelomgtress

may be the result of the availability andsttibution of foods related to disturbance features, potential
sexual segregation in available habitat selection, and may not be influenced by sources of mortality
which represent acute traumas. In this wildlife system and others, conservation and manageme

efforts can benefit by understanding spatiahd gendetbased stress responses to landscape

conditions.

StressCortiso] Protected AregDisturbance
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Wilson, A. E., Kearney, SNismer, D., Macbeth, B., Stenhouse, G., Coops, N. C., & Janz, D. M. (2020).
t 21Jdzf F GA2y it SHSE Y2YyAG2NAYI 2F & (EbdSpheie, W) INAT T £ &
03181 https://doi.org/10.1002/ ecs2.3181

Grizzly beardJrsus arctosin westcentral Alberta occupy an increasingly hurgominated landscape.
Natural resource extraction activities are hypothesized to increase stress in animals that reside in such
changing landscapes by influencing habitat and resource availaBGilitgtudy aimed to determine

whether stress, represented by hair cortisol concentration (HCC), was associated with variables related
to landscape conditions in a population that increased by 7% annually from 2004 tot2fld 4amples

(n =157) were collectedising barbwire hair snags placed throughout the Yellowhead bear management
area in Alberta, Canada. Candidate models were developed a priori representing hypotheses related to
biologically and ecologically plausible relationships between HCC and landscegides. Generalized

linear model analysis with landscape attributes representing anthropogenic disturbance, food resource
availability, and terrain conditions was used to determine potential drivers of HCC. We found support
on! L/ O X H ®n lsthat hiduNdd lakaiBs$ronYeadR Bypothesis. Anthropogenic variables
had the greatest impact on HCC; increasing oil and gassiteeliiensity resulted in reduced HCC, while
increasing distance to coal mines resulted in elevated HCC. Hair cortisohtratioa also increased as
forest crown closure became more variable, while HCC decreased as the soil wetness (represented by
compound topographic index) increased. Some forms of anthropogenic disturbance have been linked to
increased food availability fahis species. Therefore, we suggest that changes in landscape conditions
from 2004 to 2014 may have indirectly increased food abundance and ultimately resulted in a reduction
in HCC at a population level during this time period. Measuring HCC providesravasive and

important monitoring strategy to assess the impact of environmental change on residing species and
should be considered in landscape management decisions.

Cortiso] Hair SnagPhysiologyStress Anthropogenic Disturbanc®iland GasMining, Food
PopulationMonitoring
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ANTHROPOGENIISTURBANCE
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Figurel9. Distribution of (A) cumulative disturbance density existing in the study area at year 2004, and (B) the total increase in
cumulative density between the years 1998 and 2004, and (C) the relative abunélgnizely bears in the year 2004, based on
repeated DNAair-sampling counts, across 178 landscape cells of the study area. Enlarged inserts show the underlying
distribution of the actual cumulative disturbance features by 2004 (B) and of the new distereatures gained between 1998

and 2004. Figure taken from Linke et al. 2013®.

Thissection contains studies that look at the effects of multiple types of human disturbances on grizzly
bear density or behaviour.

Linke,J., McDermid, G. J., Fortin, M., & Stenhouse, G. B. (201Relationships between grizzly bears
and human disturbances in a rapidly changing mulse forest landscapeBiological Conservation,
166, 5463. https://doi.org/10.1016/j.biocon.2013.06.012

Grizzly bear\rsus arctospopulations across their range are being threatened by anthropogenic
development and associated increases in hurmansed mortality. However, details surrounding the
impact of cumulative human effects are not yet fully understood, as prior research has focused primarily
on habitat selection of individual disturbance features, rather than the sgatigporal dynamics of
aggregated disturbance process®ge used grizzly beaelative-abundance information from a DNA
population inventory alongside a GIS database of human footprint dynamics to gain insight into the
relationships between human disturbance features and the spatial distribution of grizzly bearsin west
central Aberta, Canada: a landscape experiencing heavy resource developwientsed candidate
modetselection techniques and zeinflated Poisson regression models to test competing hypotheses
about disturbance processes, neighborhood effect and landscape chesdicis. The best model
explained about 57% of the overall variation in relative grizzly bear abundance. Areas with lower
‘disturbance exposure' (i.e. high mean distance to new disturbances over time), 'feiginborhood
disturbance’ (i.e. disturbance dsity around those areas), and higher "availability of regenerating
forest', were associated with higher bear abundance. In addition, areas located further away from an
adjacent protected area exhibited a higher probability of ‘excess absences', accandinegtly for the
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cumulative effects of disturbance and the history of hurtamused mortality. Our results suggest that
managing the spatibtemporal exposure of grizzly bears to new disturbance features may be an
important consideration for conservingithspecies in rapidly changing landscapes.

Forestry Human UsgOiland Gas RoadsDisturbanceForestry Density DNA

Berland, A., Nelson, T., Stenhouse, G., Graham, K., & Cranston, J. (Z8@8impact of landscape
disturbance on grizzly bear habitat use in the Foothills Model Forest, Alberta, Carnfadl@st Ecology
and Management, 256(11), 18¢%883.https://doi.org/10 .1016/|.foreco.2008.07.019

The Rocky Mountains in Alberta, Canada are subject to a growing number of human activities that cause
landscape disturbances. This region is important for large carnivore species such as grizzly bears, whose
population decline is serious management concern. Understanding the impact of landscape

disturbance on grizzly bear habitat use is necessary to effectively manage this region and hégond.

goal of this research is to explore the spate&hporal pattern of habitat use ani characterize the

impact of disturbance on use through tinfeesearch was conducted using ratiiemetry location data

of female grizzly bears from 1999 to 2003. Kernel home ranges were created annually for three foraging
seasons: hypophagia, early hypkagia, and late hyperphagigBor each season, locations (30m xB30

grid cells) were characterized by the temporal persistence or variability in annual use by grizzly bears.
Spatiaitemporal trends were then compared for disturbed and undisturbed landssaResults indicate

that in some foraging seasons, particularly hypophagia, the grizzly bear population's use of disturbed
areas was proportionally higher than use in undisturbed areas. In other foraging seasons the trends are
less clear, but all show itaces of preferential selection of disturbed areas. Given that grizzly bear
mortality tends to rise when bears use disturbed areas, this preferential selection of disturbed areas is a
management concern. To enhance conservation efforts it may be benéficiantrol human use in
high-quality habitats. This protection may be most important for higlality habitats used in the spring,

as bears appeared to use smaller areas during this period.

Habitat Use DisturbanceHome RangeMortality

Sorensen, A. A., Stenhouse, G. B., Bourbonnais, M. L., & Nelson, T. A. (B€&B)s of habitat quality
and anthropogenic disturbance on grizzly bedir6us arctoy home range fidelity Canadian Journal of
Zoology, 93(11), 85865.https://doi.org/10.1139/cjz-20150095

In the Rocky Mountain eastern slopes of Alberta, Canada, grizzly baus @rctos horribili®rd, 1815)
live in alandscape heavily impacted by industrial development and human disturb&#ee.

characterized the role of changing habitat quality and new disturbance features on patterns of grizzly
bear seasonal homeange fidelity and drift by comparing consecutiyearseasonal home rangegve

relied on the geographic technique "spattamporal analysis of moving polygons" (STAMP) to examine
changes in habitat quality and new development between zones of hamge fidelity, expansion, and
contraction. Areas considerad be highquality habitat were selected at a greater frequency than
available and retained in zones of homrange fidelity, but also vacated during hofrenge contraction.
Areas of decreasing habitat quality were equally present in zones of contractipangon, and

stability. The proportion of new forest harvest areas and roads developed within the past year did not
differ between zones of homeange change, but the proportion of new well sites was higher in
contraction zones than in stability zones.r@esults showed that while considerable drift occurs,
changes in habitat quality and recent anthropogenic disturbances cannot account for annual variation in
home ranges, suggesting other important factors influencing behaviour and movement.

Anthropogenidisturbance Home RangeRoadsOiland Gas
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Pigeon, K. E., Nielsen, S. E., Stenhouse, G. B., & Coté, S. D. 281 4glection by grizzly bears on a
managedliandscape.Journal of Mammalogy, 95(3), 5§971.https://doi.org/10.1644/13-MAMM-A-
137

Hibernationis an adaptive strategy to avoid harsh environmental conditiortsssasonal limitations in

food and water. Unlike most hibernators, grizzly beéhs(is arctopare aroused easily while in dens

and disturbances while denning can result in fitness costs if bears become active during this period. Our
objectives were to diermine den selection of male and female grizzly bears at multiple spatial scales in
the boreal forest and Rocky Mountains of Alberta, Canada. Grizzly bears in Alberta are designated as
threatened. However, little is known about den selection by grizzirda the boreal forest and the

current land and forest management plans do not include any mitigation measures to minimize possible
impacts on the denning habitat of grizzly beafi&e compared dens to random available locations within
fall home ranges uisg geographic information systenagerived anthropogenic, land cover, landscape,

and food resource variableslale and female grizzly bears had similar habitat requirements when
selecting dens, and females did not avoid sites associated with a greatstjlity of encountering

males. At the broadest scale investigated, grizzly bears avoided wetlands, and selectelgvédjion,

dry conifer stands with abundant higjuality spring food. At more localized scales, grizzly bears

selected areas of low roackdsities and dense conifers associated with little kagllity autumn food.

Slope angle had the most influence on den selection followed by percent autumn food, road densities,
percent wetland, and percent spring food. We recommend limiting human distedyancluding open

roads, within core grizzly bear conservation areas for areas with high suitable den habitat.

Denning LandcoverFood Roads

Stewart, B. P., Nelson, T. A., Laberee, K., Nielsen, S. E., Wulder, M. A., & Stenhouse, G. B. (2013).
Quantifying grizzly bear selection of natural and anthropogenic edgksurnal of Wildlife
Management, 77(5), 95964. https://doi.org/10.1002/jwmg.535

Understanding the use of edges by threatened species is important for conservation and management.
Whereas the effects of anthropogenic edges on threatened species have been studied, the effects of
natural edgs are unknownWe studied grizzly beat)¢sus arctoshabitat selection in relation to

different landscapdevel measures of edge, both natural and anthropogehle.used a database of

global positioning system telemetry data collected from 26 grizzlysogam 2005 to 2009 in the

foothills of the Rocky Mountains in weséntral Alberta, Canad&Ve quantified grizzly bear locations
relative to natural edges extracted from sateliderived land cover data and anthropogenic edges from
existing vector datasts (roads, pipelines, and forest harvestg).cbmpare edge distance from observed
telemetry points statistically, we generated a distribution of expected points through a conditional
randomization of an existing resource selection function describirglgrbear habitat use without

respect to edges. We also measured the density of edges within home ranges and compared this to the
overall population to create an edge selection ratio. In general, females selected anthropogenic edges,
whereas males selectathtural edges. Both sexes selected the natural transition (edge) of shrub to
conifer. Females had a greater selection ratio for road edges than males in all seasons, and males had a
greater selection ratio for roads in the fall than in other seasons. fengles selected for pipeline

edges. Our results indicated that edge habitat was selected by both males and females, mostly in the
fall. Given human access to bear habitat is often facilitated by anthropogenic edges (e.g., roads),
improved management ohese features may minimize human conflicts. In particular, we highlight the
importance of the natural transition of shrub to conifer to grizzly bears.

Edge DisturbanceRoadsForestry Oiland Gas HabitatSelection Satellite Imagery
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Finnegan, L., Viejou, R., MacNearney, D., Pigeon, K tenhouse, G. B. 202Unravelling the
impacts of disturbanceype and regeneration on movement of threatened speciesandscape
Ecology. In press.

Context Anthropogenic disturbance alters animal movements. Large mammals require large areas to
meet their needs, and they encounter anthropogenic disturbances frequdnting daily movements.

ObjectivesWe assessed the impact of disturbance on the daily movements of two large threatened
mammals, and examined the nuances of movement response to type and regeneration of disturbances.

Methods:We calculated daily net disgcement and sinuosity of grizzly bears and caribou inwestral
Alberta, Canada using GPS locations. We assessed links between daily movements and densities of
roads, pipelines, seismic lines, harvest blocks, and wellsites. We also considered thef éféecest

block and seismic line regeneration based on LiDé&#ved vegetation height.

ResultsDuring early winter, net displacement of caribou increased relative to densities of wellsites and
harvest blocks. Grizzly bear net displacement increasedsinuosity decreased relative to densities of
non-linear disturbances during spring. During summer, grizzly bear net displacement increased relative
to secondary road density and decreased relative to wellsite density. During fall, grizzly bear net
dispacement decreased relative to secondary road density and increased relative to harvest block and
pipeline density.

ConclusionsCaribou and grizzly bears adjusted their movements in response to disturbances, but each
species responded differently and inc@rdance with its seasonal ecology. Assessing the impacts of
disturbance on threatened species across sptainporal scales and seasons provides useful insights

for multi-species conservation strategies.

Disturbance RoadsForestry Oil and GasMovement Lidar Caribou
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Figure20. Schematic of the relationship between road density angtbportion of secure grizzly bear (Ursus arctos) habitat.
Evenly spaced roads across a unit can result in small patches of secure habitat (i.e., areas >500 m from an open road) that
require female bears to cross roads often during a day (panels on leftadvhg road distribution to yield larger patches of
secure habitat (panels on right), even at similar road densities, should benefit females and resulhiartggazly bear
populations. Figure from Proctet al. 2020 p. 88.

Here, we specifically focus ohe effects of roadswhich represent easy human access into grizzly bear
habitat, and are associated with high mortality rates for grizzly hears

Roever, C. L., Boyce, M. S., & Stenhouse, G. B. (260&xly bears and fastry II: Grizzly bear habitat
selection and conflicts with road placemeniorest Ecology and Management, 256(6), 126269.
https://doi.org/10.1016/j.foreco.2008.06.006

Timber harvesting and loand gas extraction create ecological change beyond just the footprint of the
resource extraction. These activities also create a permanent network of roads that can have lasting
effects on forest ecology. Grizzly beddsqus arctossuffer higher mortality when in close proximity to
roads, yet bears in the foothills of wesgntral Alberta, continue to use these highk areasWe

examined the hypothesis that bears were not necessarily attracted to logging roads but that these road
were placed in habitats that bears preferrddsing a resource selection function, we examined patterns

Grizzly Bear Rpenses- Roads
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in road placement and identified areas that had characteristics similar to roaded habitats (henceforth
road- like habitats). We then quantified grigdbear response to roads and relike habitats. Of the 30
bears sampled, we found that 17 selected areas closer to roads than random and 11 selectlikkroad
habitats. Roadike habitats were selected by subadults and some adult females but were naida go
predictor of adult male habitat selection. Seasonally, grizzly bears selected habitats closer to roads in
spring and early summer but selected rdédde habitats more in late summer and fall, indicating that
bears may be attracted to disturbed habitatsspring and undisturbed habitats in fall. We conclude that
roaded habitats were selected by some grizzly bears but road placement-gléwation valleys alone
does not account for the strong selection preference. Although road placement likely platgs ather
factors such as clearcut association with roads may compound the attractiveness of roaded habitats to
grizzly bears. The tradeoff between mortality risk and +gghlity forage near roads must be addressed
to prevent these areas from acting asiractive sinks.

Roads ForestryOiland Gas Habitat Selection

Roever, C. L., Boyce, M. S., & Stenhouse, G. B. (2Gti@xly bear movements relative to roads:
application ofstep selection functionsEcography, 3@®), 11131122 https://doi.org/10.1111/].1600-
0587.2010.06077.x

Access management is among the most important conservation actions for grizzly bears in North
America. In Alberta, Canada, nearly all grizzly bear mortalities are caused by humans and occur near
roads and trailsConsequently, understanding how bears mogkative to roads is of crucial importance

for grizzly bear conservation. We present the first application of-stdpction functions to model

habitat selection and movement of grizzly beafte then relate this to a stefength analysis to model

the rateof movement through various habitats. Grizzly bears of all sex and age groups were more likely
to select steps closer to roads irrespective of traffic volume. Roads are associated with habitats
attractive to bears such as forestry cutblocks, and modeébstiuting cutblocks for roads outperformed
road models in predicting bear selection during day, dawn, and dusk time periods. Bear step lengths
increased near roads and were longest near highly trafficked roads indicating faster movement when
near roads. Bar selection of roads was consistent throughout the day; however, time of day had a
strong influence over selection of forest structure and terrain variables. At night and dawn, bears
selected forests of intermediate age between 40 and 100 yr, and bebrsted older forests during the

day. At dawn, bears selected steps with higher solar radiation values, whereas, at dusk, bears chose
steps that were significantly closer to edges. Because grizzly bears use areas near roads during spring
and most humarcaused mortalities occur near roads, access management is required to reduce
conflicts between humans and bears. Our results support new conservation guidelines in western North
America that encourage the restriction of human access to roads constructegsfounce extraction.

Roads HabitatSelection Forestry Movement Access Management

Graham, K., Boulanger, J., Duval, J., & Stenhouse, G. (28f8)ial ard temporal use of roads by
grizzly bears in westentral Alberta.Ursus, 21(1), 486. https://doi.org/10.2192/09GR010.1

Resource extraction activities in Alberta, Canada, have produced a large incrdasaumber of roads

in grizzly bearyrsus arctoghabitat. High road densities have been associated with high grizzly bear
mortality rates in some area%Ve used GPS data from grizzly bears in westral Alberta, Canada,
19992005 to examine (1) frequeres at which grizzly bears crossed roads (standardized by number of
locations/bear and length of road segments), using a crossing index analysis amesex atgsses,

traffic volumes, seasons, and time of day; (2) habitat attributes surrounding crdesatgns, using a
resource selection function analysis to discern if certain habitats and road types were associated with
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crossing areas; and (3) grizzly bear distribution near roads as a function-séxagkass and season to
determine if bears were neéaoads more or less frequently than expectéadmales had higher crossing
indices than males for all seasons and daylight hours. Crossings occurred most often at narrow, unpaved
roads near creeks and in open areas with high greenness scores. In spriakgsfavith cubs were

within 200 m of roads more frequently than expected. In autumn, subadult females were within 200 m
of roads more frequently than expected, whereas adult males displayed the reverse pattern. These
results indicate that females had a gter chance of encountering humans. Reducing the density of
roads in grizzly bear habitat or reducing human presence on these roads, especially during the spring
and fall seasons, may reduce the hurr@aused mortality to female grizzly bears. Creatingeaving a
dense tree buffer along roads that traverse open habitats could provide a visual shield from passing
vehicleswhich may reduce grizzly beauman encounters and humacaused mortalities.

Roads Forestry HabitatSekction Edge

Boulanger, J., & Stenhouse, G. B. (20014je impact of roads on the demography of grizzly bears in
Alberta. PLoS ONE, 9(1,2115535 https://doi.org/10.1371/journal.pone.0115535

One of the principal factors that have reduced grizzly bear populations has been the creation of human
access into grizzly bear habitat by roads built for resource extraction. Past studies have documented
mortality and distributional changes of bears relative to roads but none have attempted to estimate the
direct demographic impact of roads in terms of both survival rates, reproductive rates, and the
interaction of reproductive state of female bears with surVirade. We applied a combination of

survival and reproductive models to estimate demographic parameters for threatened grizzly bear
populations in Albertalnstead of attempting to estimate mean trend we explored factors which caused
biological and spatialariation in population trend. We found that sex and age class survival was related
to road density with subadult bears being most vulnerable to rbaged mortality. A mukstate
reproduction model found that females accompanied by cubs of the yearanyéarling cubs had

lower survival rates compared to females with two year olds or no cubs. A demographic model found
strong spatial gradients in population trend based upon road density. Threshold road densities needed
to ensure population stability werestimated to further refine targets for population recovery of grizzly
bears in Alberta. Models that considered lowered survival of females with dependant offspring resulted
in lower road density thresholds to ensure stable bear populations. Our resutsmstrate likely

spatial variation in population trend and provide an example how demographic analysis can be used to
refine and direct conservation measures for threatened species.

RoadsMortality; Reproduction

Nelson, T., Long, J., Laberee, K., & Stewart, B. (R@&L&me geographic approach for delineating
areas of sustained wildlife uséAnnals of GIS, 21(1), §20.
https://doi.org/10.1080/19475683.2014.992366

Geographic information systems (GIS) are widely used for mapping wildlife movement patterns, and
observed wildlife locations are surrogates for inferring on wildlife movement and habitat selection. We
present anew approach to mapping areas where wildlife exhibit sustained use, which we term slow
movement areas (SMASs). Nested within the habitat selection concepts of home range and core areas,
SMAs are an additional approach to identifying areas important folifeil@ur method for delineating
SMAs is demonstrated on a grizzly beaws(is arctoscase study examining road densi@ur results

showed that subadult females had significantly higher road densities within SMAs than in their potential
path area home nages. The lowest road density was found in the SMAs of adult male grizzly bears.
Given increased mortality risks associated with roads, female encampment near roads may have
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negative conservation implications. The methods presented in this manuscripticoemplrecent
developments to identify movement suspension and intensively exploited areas defined from wildlife
telemetry data. SMA delineation is sensitive to missing data and best applied to telemetry data collected
with a consistent resolution.

Roads Home Range

Kite, R., Nelson, T., Stenhouse, G., & Darimont, C. (2¢L&ovementdriven approach to guantifying
grizzly bear (rsus arctoynearroad movement patterns in westentral Alberta, CanadaBiological
Conservation, 195, 2B2. https://doi.org/10.1016/j.biocon.2015.12.020

Advances in GPS telemetry and remote sensing technologies provide researchers with abundant data
that can be usd to investigate detailed questions about wildlife behavior. Existing methods for linking
wildlife movement to remotely sensed landscape data generally rely on the application of subjectively
derived distance thresholds to represent proximity (i.e., neafar) relative to disturbance, thereby
possibly limiting the scope of research questions and insight gained. We develop an alternative method
based on semivariogram modeling that quantifies consistency in movement parameters as a function of
distance todisturbance features. Our approach uses movement data to identify spatially explicit scales
of wildlife response to linear feature®Ve illustrate the benefit of movemerdriven approaches for
generating hypotheses about wildlife movement with grizzly l{iEmsus arctosmovement dataWe
concentrate specifically on building hypotheses to explain how seasonal mortality is linked to near road
movements. The movemeitriven method demonstrated consistency in step length (i.e., spatial scales
of response) rarigg from 35 m 90 m from roads, depending on age, sex, and season. Given this
pattern, our data suggest a minimum vegetation buffer of 90 m to serve as screening cover along
roadsides to improve survival in this ecosystem. More broadly, our generalinated can identify
definitive spatial scales of response around human disturbance features in any wildlife system, thereby
providing managers with movemedriven insight to reduce impacts on wildlife in mulge

landscapes.

Roads Movement Mortality; Disturbance

Parsons, B. M., Coopé. C, KearneyS. P, BurtonC, NelsonT. A., &StenhouseG. B.2020.Road
visibility influences habitat selection by grizzly beatdr6us arctos horribis). Canadian Journal of
Zoology e-First. https://doi.org/10.1139/cjz-20200125

Anthropogenic disturbances, including roads, are known to influence animal habitat selection and
mortality. In this study, we consider the role of sensory perception in understanding why and how
animals respond to disturbance®ur goal was to investigatlee effect of visual perception (visibility)

around roads on grizzlyear Ursus arcto®©rd, 1815habitat selection and mortality in Alberta, Canada.

We used detailed topographic and vegetation data from airborne Light Detection and Ranging (lidar) to
estimate visibility around roads. We modelled habitat selection as a function of road visibility and
environmental variables using GPS telemetry data from 39 grizzly bears and integrated step selection
analysis (iISSA). Finally, we assessed mortality riskilfevareas by comparing habitat selection

between grizzly bears that died and those that survived. We found that grizzly bears were less likely to
select visible areas when moving slowly or resting, but more likely to select visible areas when traveling.
We found that grizzly bears that survived selected for areas farther from roads than grizzly bears that
died. However, no difference in selection for visible areas was observed. An exploratory analysis showed
that grizzly bear mortalities commonly occudren visible areas. Our findings highlight the importance of
sensory perception in understanding animal behaviour.

Roads Movement Mortality; Forestry HabitatSelection
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Proctor, M. F., McLellan, B. N., Stenhouse, G. B., Mowat, &nh, C. T., & Boyce, M. S. (202Bffects
of roads and motorized human access on grizzly bear populations in British Columbia and Alberta,
CanadaUrsus, 2019(30e2), 189. https://doi.org/10.2192/URSUSED-18-00016.2

The growing human footprint has placed unprecedented stressors on ecosystems in recent decades
resulting in losses of biodiversity and ecosystem function addbe world. Roads are influential

through their direct footprint and facilitating human access; however, their influence can be mitigated.
Here, we review the scientific literature on the relationship between grizzly bekssi§ arctoy human
motorizedaccess, and the efficacy of motorized access control as a tool to benefit grizzly bear
conservation in western Canada/e found that motorized access affected grizzly bears at the individual
and population levels through effects on bears' habitat use, hcemge selection, movements,

population fragmentation, survival, and reproductive rates that ultimately were reflected in population
density, trend, and conservation status. Motorized access management was effective in mitigating these
effects. Our revievof the scientific literature suggests that industrial road management would be a
useful tool if (a) roads exist in higfuality grizzly bear habitats with populati@mergyrich food

resources; (b) open road densities exceed 0.6kkmi/ (c) less than at &st 60% of the unit's area is

Bpnn Y FTNRBY |y 2LISy khNRMoRrizadyaccesk madagemant woSldbe ghdst x M n
beneficial in threatened populations, in areas where roads occur in the highest quality habitats, within
and adjacent to identifietinkage areas between population units, and in areas that are expected to
exceed motorized route thresholds as a result of resource extraction activities. Evidence suggests
benefits of motorized access management are more likely to be realized if habéthtydgs integrated

and is best if managed at scales that optimize the benefit of distribution, survival, reproduction, and
density of female grizzly bears. We encourage land use managers developing access rules to consider a
wider spectrum of biodiversjtand overall habitat conservation, and suggest landscape road targets that
will benefit bear conservation.

Roads British Golumbig Access Management
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Figure21. Example of movement states for a grizzly bear overlaying a recreation and tourism likelihooddayerfrém
Goodbody et al. 202}, 90.

In this section we address how human activity levels, pdgiturecreation, influence grizzly bear
behaviour.

Ladle, A., Avgar, T., Wheatley, M., Stenhouse, G. B., Nielsen, S. E., & Boyce, M. S G#A@18)bear
NEBadLRyaS G2 alld GA2nGSYLI2 NI f @loinal of AdpllediEcologyy K dzY' I y
56(2), 375386.https://doi.org/10.1111/1365-2664.13277

1. Outdoor recreation on trail networks is a growing form of disturbance for wildlife. However, few
studies have xamined behavioural responses by large carnivores to motorised andnotorised
recreational activityt a knowledge gap that has implications for the success of human access
management aimed at improving habitat quality for wildlife.

2.We used an inte@ted step selection analysis of grizzly bedrs(is arctosradiotelemetry data and a
spatiotemporal model of motorised and nemotorised human recreational activity to examine how
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human recreational activity on trails affects both habitat selection mradement behaviour of
individual bearsGrizzly bears were captured and radiocollared in the veesitral Alberta Rocky
Mountains and Foothills, and trail cameras were deployed on trails to obtain data on human
recreational activity.

3. We found that modks including data on recreational activity outperformed t@ibximity models
when interactions with movement covariates were included. Responses were highly variable among
individuals and across classes: males, females, and females with cubs.

4. Male anl solitary female grizzly bears increased avoidance of trails with a high probability of
motorised activity as well as displaying increased movement rates in response to motorised recreation.
Females with cubs did not increase avoidance, however theyhethtgest response in terms of higher
movement rates. In contrast, for all classes, selection for proximity to trail increased when probability of
non-motorised activity was high, and the effect on movement was dampened relative to the motorised
response.

5. Synthesis and applications. By combining selection and movement into a unified modelling

framework, we show that bears alter selection and movement behaviour in response to trails and
recreation, and that such responses are determined by the type@tational activity. Reduced

a8t SOGA2Y YR AYyONBIaSR Y20SYSyid Ay LINBEAYAGE (2
foraging opportunities in these areas. Future access management actions for grizzly bear recovery

should consider frequeary and type of linear feature use by humans rather than solely relying on

thresholds relating to feature densities.

Human UsgRecreationHabitat SelectionAccess Management

Goodbody, T. R. HCoops N. C. SrivastavaV, ParsonsB, Kearney S. P.Rickbei] G. J. M.&
Stenhouse G. B2021.Mapping recreation and tourism use across grizzly bear recovery areas using
social network data and maximum entropy adelling. Ecological Modelling 44009377
https://doi.org/10.1016/j.ecolmodel.2020.109377

Understanding biodiversity pressures associated with recreation and towsiarmiajor challengor
consewation planning and landscape management. While estimates of landscajeaisééen

collected using meamnisms such as park entry fees and traffic density estimates, these data do not
provide substantial detail about the spatial location or imgéy of recreation and tourism across

biodiversity management area$o better predict patterns of recreation and tourism likelihood to
adzLILR2 NI O2yaSNBIGA2Yy LIXIFyYyyAy3das ¢S dzaSR az20Alf ySi
{ONF Ol on@DabyR * i By8 ¢ Asérisingteriv@dehvirddmental coMdBiares in &
maximum entropy (MaxEnt) presencaly modelling frameworkSocial network samples were

compiled and processed to reduce sampling bias and spatial autocorrelation. Roasl ativeste data,

and remote sensing covariates describing vegetation greenness, disturbance, topography, and moisture
were used as predictor variables in the MaxEnt modelling framework. Our focus site was a grizzly bear
(Ursus arctopmanagement area in vegcentral Alberta, Canada. Individual models were developed for
each social network dataset, as well as a combined model including all the samples. Mean cross
validated AUC, partial ROC, and true skill statistics (TSS) were used to evaluate model. &Resuttsy
indicated that the covariates proposed were able to best model Strava and Wikilocs activity (TSS = 0.69
and 0.50, respectively), while samples from Flickr or the combination of all social networks were least

F OO0dzNI GS o¢{{ T varisteowasnistimkotantidr RaEnatining Gedn across a
number of social network models, highlighting the importance of access for recreation and tourism
likelihood. The summer heat moisture index and normalized burn ratio were also useful spatial
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covariates in many predictionfecreation and tourism likelihood maps were combined with grizzly bear
telemetry data to examine how recreation and tourism may affect grizzly bear behagibsncial

network models found a similar influence on grizzly beslnaviour, with increasing reeation and

tourism use resulting in decreased foraging behaviour and increased rapid movement, suggesting that
the models developed here are useful tools for predicting grizzly bear behaviour and planning
conservation strateigs for the species.

Human UsgRecreationBehaviour

INDUSTRY

Figure22. Two grizzly bear cubs play on a disturbed mine site.

These studies examine relationships between grizzly bears and forestry, mining, and oil and gas
extraction practices.

Forestry

Nielsen, S. E., Boyce, M. S., & Stenhouse, G. B. (2G04xly bears and forestry I: Selection of
clearcuts by grizzly bears westcentral Alberta, Canadarorest Ecology and Management, 199(1),
51¢65. https://doi.org/10.1016/j.foreco.2004.04.014
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We examined if clearcuts were selected as habitats by grizzly Rées @rctod..) in westcentral

Alberta during three seasons: hypophagia, early hyperphagia, and late hyperpgbagiabjectives were

to describe seasonal habitat selection of clearcuts using resource selection functions at two scales. At
the first scale, w assessed patch or thiatder selection by comparing use (radiotelemetry) with study
areawide random locations and a dummy variable identifying whether locations occurred within or
outside ofclearcut boundaries. At the second scale, we assessed witaich or fourthorder selection

by comparing locations (use and random) found within clearcuts and environmental covariates of
terrain, silviculture, and landscape metrics. Finally, we examined diurnal versus crepuscular/nocturnal
use of clearcuts by compgag the two with an expected 50:50 ratio. At the thiodder scale, grizzly

bears used clearcuts with respect to their availability for hypophagia and late hyperphagia, while
selecting clearcuts more than expected during early hyperphagia. Fototdr haitat selection

revealed that landscape metrics, silviculture, and terrain were important predictors of grizzly bear use
during hypophagia and late hyperphagia, while terrain appeared to be the most important predictor
during early hyperphagia. Overalljzply bears avoided clearcut interiors and preferred clearcuts with
higher perimeterto-edge ratios. Clearcuts were significantly more likely to be used during
crepuscular/nocturnal periods. Intermediatged (~30 years old) clearcuts were selected during
hypophagia, whereas recent and old clearcuts were selected during late hyperphagia. Bears tended to
avoid clearcuts with Donaren mound preparation, while selecting clearcuts with Bracke offishark
barrel dragging. These results suggest that landscap@acaesite preparation history, terrain, and

season were important factors determining the use of clearcuts by grizzly bears. Future forest planning
should strive to maximize habitat quality by: (1) increasing periraeterdge ratio for cleacut shapes;

(2) using low impact and/or positively associated site preparation treatments like Bracke andishark
barrel dragging; and (3) limiting human access to areas predicted asgtmdjty habitat.

Forestry HabitatSelectionSilviculture

Nielsen, S. E., Stenhouse, G. B., Beyer, H. L., Huettmann, F., & Boyce, M. S.C200&tural
disturbancebased forestry rescue a declining population of grizzly beaBgdogical Conservation,
141, 21982207.https://doi.org/10.1016/j.biocon.2008.06.020

Forest managers are increasingly considering historiepat of natural forest disturance as a model

for forest harvesting and as coarsefilter ecosystem management todlVe evaluated the longerm

(100-year) persistence of a grizzly bear population in Alberta, Canada using forest simulations and
habitat modelling Even with harvesting the same wahe of timber, natural disturbanebased forestry
resulted in a larger human footprint than traditional twpass forestry with road densities reaching 1.39
km/km? or more than three times baseline conditions and suggested maximum levels of security for
grizzly bears. Because bears favoaunyg forests and edges where food resources are plentiful, a future
shift to young forests and more edge habitat resulted in a 20% projected increase in habitat quality and
a 10% projected increase in pat#al carrying capacity. Humeataused mortality ris, however, offset

any projected gains in habitat and carrying capacity resulting in the loss of all secure, unprotected
territories, regardless of forest harvest method, within the first20 years of simulation. We suggest

that natural disturbancébasedforestry is an ilsuited management tool for sustaining declining

populations of grizzly bears. A management model that explicitly considers road access is more likely to
improve grizzly bear population persistence than changing the size oteteamfact, large cleasuts
YAIKG 0SS O2dzy i SNJ LINPRdAzOGA DS F2NJI 6SINE aAyOS | RAQ
more likely to buffer against future uncertainties.

Forestry Roads Populationinventory Access Management
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Stewart, B. P., Nelson, T. A., Wulder, M. A., Nielsen, S. E., & Stenhouse, G. B. [2QE2}. of
disturbance characteristics and age on grizzly bear habitat selectigpplied Geograph, 34, 614625.
https://doi.org/10.1016/j.apge0q.2012.03.001

Grizzly bearddrsus arctoshave complex reactions to forest disturbances due to their use of forest
clearings for foraging, their large home ranges, and the continued human expansion into undisturbed
grizzly beahabitat. The goal of this paper is to quantify how grizzly bearsradt with forest

disturbances over time in wesentral Alberta in order to inform habitat management decisionsis is
accomplished using a foalecade remotely sensed disturbance history and detailed grizzly bear
movement and habitat use informationlgbal positioning systems (GPS) collars were used to collect
telemetry data for 22 adult grizzly bears (8 females, 14 males) from 2005 to 2009 in the eastern slopes
of the Canadian Rockies. The resultant telemetry data were partitioned based on knowgidablo

variation in habitat selection into sex and seasonal groups. Density of grizzly bear telemetry locations
was calculated for each forest disturbance and compared to expected density via a randomization
conditioned on observed trends in overall habitese. The comparison of observed and expected

density of grizzly bear telemetry locations allowed disturbances to be labelled as selected or avoided.
Each disturbance was attributed with characteristics (area, elevation, average tasselled cap
transformatian (TCT) greenness, and distance to nearest populated place), which were compared
between selected and avoided disturbances using a Malhéney Utest. Male bears selected for 30
40-yearold disturbances more frequently than younger disturbances; femdé@monstrated equal

selection of all ages of disturbances except those less than 10 years old. Females selected for
disturbances more in the summer and fall than the spring. Disturbances selected by female bears were
larger, with lower TCT greenness, andonsistent elevation (1250800 m) across seasons and
disturbance age. Male bears showed lower selection of disturbances in the fall than in other seasons,
and lower selection than females in the summer and fall. Compared to females, disturbancesdselecte
by males were larger, and more likely to show seasonal variation in greenness and elevation. Both sexes
selected for larger disturbances of all ages, although disturbance size has generally decreased through
time. Limiting human access to disturbancethwiharacteristics attractive to grizzly bears will reduce
grizzly bear and human interactions, and reduce mortality.

Forestry HabitatSelection DisturbanceDensity

Phoebus|., Segelbacher, G., & Stenhouse, G. B. (20D@)large carnivores use riparian zones?
Ecological implications for forest managemetrorest Ecology and Management, 402, ¢585.
https://doi.org/10.1016/j.foreco.2017.07.037

As part of forest management guidelines, most North American jurisdictions require the preservation of
forested areas adjacent to streams and rivers (i.e. riparian zones). Forested buffer strips with restriction
on timber harvest and roatluilding (i.e. riparian buffer zones) were originally implemented to protect
aqguatic functions and resources. Riparian buffer zones now also target terrestrial habitats and wildlife.
Even so, forestry managers who implementdglines seldom consider the value of riparian zones (RZs)
for large carnivores, partly due to a lack of data available. In the present study, our objective was to
understand the role of riparian zones and riparian buffer zones for large carnivores in eddnagal
forests.We used nine years of GPS telemetry data (2B0%5) from radio collared grizzly beat$rgus

arctog in the Kakwa region of wesentral Alberta, Canada to quantify both the use (i.e. the amount of
time grizzly bears spend in RZs) aeléstion (i.e. use in relation to the available riparian habitat) of RZs
We examined the effects of season, sex, distance cla38 (0 3660 m from streams and rivers), and

the surrounding forest (harvested versus RAoarvested) on use and selectionREs. We found grizzly
bears spent 19.1% of their time within 60 meters from streams and rivers. Selection of RZs declined
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relative to the distance from streams and rivers (10.8% withB®@n and 8.4% within 360 m). During
summer, grizzly bears select®¥s in harvested areas and avoided them inimarvested areas. There

was no difference in selection of RZs in harvested areas between males and females; however, in non
harvested areas, females avoided RZs and selected RZs less compared to malessiltgse re

particularly the selection of RZs in harvested areas where RZs consist mostly of riparian buffer zones,
suggest that riparian buffers provide valuable grizzly bear habitat in muliggdandscapes. Forest
management practices can support grizziabhabitat conservation efforts by implementing riparian

buffer zones in identified grizzly bear habitat and considering grizzly bear habitat use of RZs and riparian
buffers as one component of riparian zone management.

Forestry HabitatSelection

Kearney, S. P., Coops, N. C., Stenhouse, G. B., Nielsen, S. E., Hermosilla, T., White, J. C., & Wulder, M.
A. (2019)Grizzly bear selection of recently harvested forests is dependent on forest recovery rate and
landscae composition Forest Ecology and Management, 449, 117459.
https://doi.org/10.1016/j.foreco.2019.117459

Forests in the early stages of regeneration are valuable habitat for threatened grizel§Jbsas arctos
populations inhabiting the interior mountains of North America, with forest management affecting the
timing, prevalence, and quality of such habitats. Forest harvesting can lead tesemlyhabitat,

however the quality and duration ofgst-harvest habitat compared to natural disturbances (e.g.,
wildfire), is not known. North American silvicultural practices are mandated to ensure tree regrowth
following harvesting, and a rapid rate of growth in managed tree regeneration may lead totarsho

time window during which attractive earlseral habitat is available to bears compared to natural forest
disturbances. The distribution of natural disturbances across forested landscapes may also be an
important consideration in the response of beansforest harvestingln this study, we analyzed grizzly
bear habitat selection for 160 collared grizzly bears across 118&09@8% of their known habitat) in
Alberta, Canada, using metrics of forest disturbance and recovery derived frorgesaB8atdite time
seriesWe developed seasonal resource selection functions to evaluate (1) if selection of recently
harvested forests was contingent upon the availability of natural disturbances, (2) how habitat selection
within disturbed areas varied acrodisturbance types, and (3) how habitat suitability changed over

time during the first 30 years of forest recovery following various disturbance typesults showed

that, compared to areas not recently disturbed, grizzly bears were up to three timeslikelyeto select

for harvested forests when natural disturbances were limited in their home range, while selection of
harvested forests was neutral when natural disturbances were abundant. When available, grizzly bears
were more likely to select for naturdisturbances compared to harvested locations, especially during
Hypophagia (spring) and Hyperphagia (fall). Selection of harvested locations was inversely related to
forest recovery assessed by spectral analysis and decreased shagflyy&&rs posharvest, at which

point it tended to be lower than préisturbance. This study demonstrates the utility of vegetation,
disturbance, and recovery metrics derived from satellite time series for enriching our understanding of
wildlife habitat selection in dynamilandscapes. Our results also have implications for forest
management in regions where grizzly bear habitat availability and selection patterns are important.
While rapid forest recovery following harvest is desirable and beneficial for a multitude lobexad and
economic objectives, it appears to minimize the period of attractive esaigl habitat for grizzly bears.

Forestry Anthropogenic Disturbang@latural DisturbanceHabitat SelectionLandsat Time Series
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Mining
Cristescu, B., Stenhouse, G. B. B., Symbaluk, M., & Boyce, M. S. (Rahdse planning following
resource extraction lessors from grizzly bears at reclaimed and active open pit mineésoceedings of

the Sixth International Conference on Mine Closyu@07217.
https://doi.org/10.36487/ACG rep/1152 89 Cristescu

Gauging the success of industrial reclamation requires targets to be set for restoring ecosystem
structure and function. An indication of reclamation success is if wildlife recolonise, forage, rest,
reproduce and survive on reclaimed areas. The grizzlyibeathreatened species that exists at low
densities in Alberta, Canada and facilitates a variety of ecosystem procésseske suggestions for
mitigating the effects of open pit mining on this species, we collected and analysed biological data for
grizzly bears on and around Cheviot, Luscar and Gregg River coal mineséentegtAlberta During

2008- 2010, we captured and attached GPS radio collars on 12 adult bears on and around mines which
allowed us to intensively track their movements. Wetgibearused GPS locations in the field to

assess bear activity and microhabitat characteristics. Bears selected reclaimed mines and areas near
mines extensively in late spring and early summer to forage on forbs sown as part of mine reclamation
and to degredate ungulate calves and lambs. In the fall, bears moved primarily in areas outside mines to
forage on berries in preparation for winter denning. Bears often bedded in dense tree cover which
underlines the importance of maintaining original vegetati@ighes in planning mine operations. The
animals sometimes crossed the major active mine haul road and moved on and near trails designated
for human access on mine leases. High mortality risk associated with expansion of human access into
previously remoteareas is a major threat to lortgrm persistence of the grizzly bear population.
Defensive driving and potentially enforcement of speed restrictions on mine haul roads in areas with
high frequency of bear crossings, provisioning for ecological movememd@a and proper waste
management practices will help prevent humbear conflict during the active mining phase. Following
closure of mines, access management along designated trails will reduce the risk of conflicts. Imposing
access restrictions, alomgth preserving undisturbed habitat patches and restoring the original
vegetation cover will enable coexistence of people and bears on a shared landscape.

Mining; Habitat SelectionPredation Food BeddingAccess Management

Cristescu, B., Stenhouse, G. B., & Boyce, M. S. (2@E3¢eption of humarderived risk influences
choice at top of the food chainPLoS ONE, 8(12), e82738.
https://doi.org/10.1371/journal.pone.0082738

On humanused landscapes, animal behavior is a traffebetween maximizing fithess and minimizing
humanderived risk. Understanding risk perceptiorwitdlife can allow mitigation of anthropogenic risk,
with benefits to longterm animal fitness. Areas where animals choose to rest should minimize risk from
predators, which for large carnivores typically equate to humans. We hypothesize that high human
adivity leads to selection for habitat security, whereas low activity enables trading security for forage.
We investigated selection of resting (bedding) sites by GPS radiocollared adult grizziy bedsi( a

low density population on a multiplese andscape in Canad#&/e compared security and foods at

resting and random locations while accounting for land use, season, and time of day. On reclaimed
mines with low human access, bears selected high horizontal cover far from trails, but did not avoid
open (herbaceous) areas, resting primarily at night. In protected areas bears also bedded at night, in
areas with berry shrubs artfdedysarunspp., with horizontal cover selected in the summer, during high
human access. On public lands with substantial huneareation, bears bedded at day, selected resting
sites with high horizontal cover in the summer and habitat edges, with bedding associated with
herbaceous foods. These spatial and temporal patterns of selection suggest that bears perceive human
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related rigk differentially in relation to human activity level, season and time of day, and employ a
securityfood tradeoff strategy. Although grizzly bears are presently not hunted in Alberta, their
perceived risks associated with humans influence restiteyseéction.

Mining; Bedding Food Edge Human Acces®rotected Areas

Cristescu, B., Stenhouse, G. B., & Boyce, M. S. (2G®zly bear diet shifting oneclaimed mines
Global Ecology and Conservation, 4, 2020. https://doi.org/10.1016/j.gecc0.2015.06.007

Industrial developments and reclamation change habitat, possibly altering large carfaedrbase We
monitored the diet of a lowdensity population of grizzly bears occupying a landscape with-ppemal

mines in Canadaburing 2009 2010 we instrumented 10 bears with GPS radiocollars and compared
their feeding on reclaimed coal mines ameighboring Rocky Mountains and their foothills. In addition,

we compared our data with historical bear diet for the same population collected in-20003, before
extensive mine reclamation occurred. Diet on mines831 scats) was domated by nornative forbs

and graminoids, while diets in the Foothills and Mountains consisted primarily of ungulates and
Hedysarunspp. roots respectively, showing diet shifting with availability. Field visitation of feeding sites
(n =234 GPS relocation clusters) atdémwed that ungulates were the main diet component in the
Foothills, whereas on reclaimed mines bears were least carnivorous. These differences illustrate a shift
to feeding on nomative forbs while comparisons with historical diet reveal emergencekaiehn

important bear food. Food resources on reclaimed mines attract bears from wilderness areas and bears
may be more adaptable to landscape change than previously thought. The grizzly bear's ready use of
mines cautions the universal view of this speds umbrella indicative of biodiversity.

Mining; Food Vegetation

Cristescu, B., Stenhouse, G. B., Symbaluk, M., Nielsen, S. E., & Boyce, M. SMaRMi&.habitat
selection on landscapes with industridisturbance.Environmental Conservatiord3(4), 32%336.
https://doi.org/10.1017/S0376892916000217

Technological advancements in remote sensing and telemetry provide opportunities for assessing the
effects of expanding extractive industries on animal populatiéiese, we illustrate the applicability of
resource selection functions (RSFs) for modelling wildlife habitat selection on industisalisbed
landscapes. We used grizzly bedsss(is arabs) from a threatened population in Canada and surface
mining as a case studRSF predictions based on GPS radiocollared bedtsifig mining = 7n post

mining = 9) showed that males and solitary females selected areas primarily outside mineral surface
leases (MSLs) during active mining, and conversely inside MSLs after mine closure. However, females
with cubs selected areas within compared to outside MSLs irrespective of mining activity. Individual
variability was pronounced, although some environméndad humanrelated variables were

consistent across reproductive classes. For males and solitary females, regialeaRSFs yielded
comparable results to sitspecific models, whereas for females with cubs, modelling the two scales
produced divergentesults. While mine reclamation may afford opportunities for bear persistence,
managing public access will likely decrease the risk of heoaased bear mortality. RSFs are powerful
tools that merit widespread use in quantitative and visual investigatidngildlife habitat selection on
industriallymodified landscapes, using Geographic Information System layers that precisely characterize
site-specific conditions.

Mining; HabitatSelection

Cristescu, B., Stenhouse, G. B., & Boyce, M. S. (2046)e Omnivore Movements in Response to
Surface Mining and Mine ReclamatioBcientific Reports, 6(1917%7
https://doi.org/10.1038/srep19177
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Increasig global demands have resulted in widespread proliferation of resource extraction. Scientists
are challenged to develop environmental mitigation strategies that meet societal expectations of
resource supply, while achieving minimal disruption to sensitiiklerness" speciedVe used GPS

collar data from a Year study on grizzly beandrsus arctos(n =18) in Alberta, Canada to assess
movements and associated space use during versus after miaiiazly bear home range overlap with
mined areas was loweduring active mining except for females with cubs, that also had shortest
movements on active mines. However, both females with cubs and males made shorter steps when on/
close to mines following mine closure and reclamation. Our results show differenbear movement

and spaceuse strategies, with individuals from a key population segment (females with cubs) appearing
most adaptable to mining disturbance. Preserving patches of original habitat, reclaiming the landscape
and minimizing the risk of direbumaninduced mortality during and after development can help
conserve bears and other wildlife on industrially modified landscapes.

Mining; Home RangeMovement

Oil and Gas

Linke, J., Franklin, S. E., Huettmann, F., & Stenhouse, G. B. (Z#5hic cutlines, changing landscape
metrics and grizzly bear landscape use in Albeitandscape Ecology, 20, &BR6.
https:// doi.org/10.1007/s10986005-00664

Besides providing habitat to the grizzly beldrqus arctosand other wildlife, the Rocky Mountain

foothills of Alberta, Canada hosts considerable mining, seismic oil and gas exploration and production,
and forest harvesng activities. Worldwide, such human activities influence the configuration and
composition of the landscap®V/e assessed seismic cutline effects on landscape structure and grizzly
bear use during early summer of 1999 and 200@ studied five female artvo male bears, which

were GP&ollared in the spring following den emergence. The area available to this population was
stratified into 49km? hexagonshaped sudandscapes. The scale of this stratification was determined by
patterns of bear movement. Foieen compositional and configurational landscape metrics were
calculated within each landscape unit, and bear use points were pooled or 'binned" within each unit.
Landscape use was related to landscape metrics using a Generalized Linear Model (GLM)dWeafo
seismic cutline proportion did not explain landscape use by grizzly bears; however secondary effects of
cutlines on landscape structure did. Declining use was mainly associated with increasing proportions of
closed forest, and increasing variatiohinter-patch distances, while use was mainly increasing with
increasing mean patch size. An earlier investigation had demonstrated that adding seismic cutlines to
grizzly bear habitat caused increases in the variation of ip#ch distances. Since thendscape

structure of this grizzly bear population will continue to change as a function of increased levels of
resource extraction activities in the near future, it is crucial to further study the detailed meaning of
landscape structure at the large asthall scale for effective conservation efforts.

Oiland GasHabitatUse Forest Structure

Laberee, K., Nelson, T. A., Stewart, B. P., McKay, T., & Stenhouse, G. B. (30&4Y gas
infrastructure and the spatial pattern of grizzly bear habitat selection in Alberta, Canadae
Canadian Geographer, 58(1), 4. https://doi.org/10.1111/j.1541-0064.2013.12066.x

Oil and ga development is increasing in areag\iierta, Canada that are also home to threatened
grizzly bearrsus arctospopulations. While impacts édrest disturbances on bears have been heavily
studied, research on the impacts @if and gas activities Isnited. Our research goal was to test the
hypothesis that grizzly bears select locationsibind gas development randomly, using grizzly bear
telemetry data collected from 2005 to 2010 in the Kakwa region of Alb&tegs of probability of
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resource uséy bears were generated and used to conditionally randomize telemetry data to classify
bear locations as being closer, farther, or no different than expected from oil and gas features. Our
results indicated that bears were generally observed closer tangilgas features during spring. Adult
males were farther than expected to all features during the summer season. During fall, adult females
showed avoidance of all oil and gas features during the day, but were closer at night. Active wellsites
were avoidel by all bears in the fall, and roads were avoided more than pipelines. Spatial analysis and
geographic information science are ideal tools for examining the influenlkeend$cape features on

wildlife.

Oil and GasHabitatSelection

McKay, T., Sahlén, E., Stgen, O., Swenson, J., & Stenhouse, G. {2@ldite selection by grizzly
bearsUrsus arctosn westcentral Alberta Wildlife Biology, 20(5), 31¢B19.
https://doi.org/10.2981/wlb.00046

Oil and gas deslopment is widespread in wesentral Alberta, yet little is known about the potential
impacts of oil and gas activities on grizzly bear habitat fleeeusing on the impacts of one component

of energy devalpment, we studied the selection patterns of radiollared grizzly bears in relation to oil
and gas wellsites in the Kakwa region of westtral Alberta For each grizzly bear foraging season
(spring, summer, and fall), we calculated a population lessburce selection function (RSF) to assess
the probability that bears would select for wellsites versus-mailsite habitat. We used mixeeffects
logistic regression and model selection to examine factors that could influence the probability of wellsite
use, including: grizzly bear reproductive status, wellsite age, wellsite operational status, surrounding
road and wellsite densities, adjacent forest canopy cover, and adjacent habitat. Bear reproductive
status, surrounding road and wellsite densities, andfhcent canopy cover had the most influence on

the probability of wellsite use. Females used wellsites more than expected in all seasons, and males
selected for wellsites in summer and fall. Males used wellsites less than females, and females with
youngused wellsites more than both single females and males. Bears were more likely to use wellsites
that had lower densities of disturbance (roads and wellsites) in the surrounding area. In the fall, older
wellsites were also more likely to be used by bearsreas with human access, grizzly bears attracted

to anthropogenic features are at a higher risk of hurtanised mortality; therefore, their use of

wellsites could have negative results for this threatened population.

Oil and GasHabitat Selection

Finnegan, L., Pigeon, K. E., Cranston, J., Hebblewhite, M., Musiani, M., Neufeld, L., Schmiegelow, F.,
Duval, J., & Stenhouse, G. B. (2018atural regeneration on seismic lines influences movement
behaviour ofwolves and grizzly bears?LoS ONE, 13(40195480
https://doi.org/10.1371/journal.pone.0195480

Across the boreal forest of Canada, habitat disturbance is the ultimate cause of c&enagyifé

tarandus cariboldeclines. Habitat restoration is a focus of caribou recovery efforts, with a goal to
finding ways to reduce predator use of disturbances, and cariyedator encounters. One of the most
pervasive disturbances within caribou ranges limefta, Canada are seismic lines cleared for energy
exploration. Seismic lines facilitate predator movement, and although vegetation on some seismic lines
is regenerating, it remains unknown whether vegetation regrowth is sufficient to alter predator
respanse.We used Light Detection and Ranging (LIDAR) data, and GPS locations, to understand how
vegetation and other attributes of seismic lines influence movements of two predators, walaess(

lupus and grizzly beargJ¢sus arctoys During winter, wolves moved towards seismic lines regardless of
vegetation height, while during spring wolves moved towards seismic lines with higher vegetation.
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During summer, wolves moved towards seismic lines with lower vegetation and also movechéaster
seismic lines with vegetation <0.7 m. Seismic lines with lower vegetation height were preferred by
grizzly bears during spring and summer, but there was no relationship between vegetation height and
grizzly bear movement rates. These results sugipastwolves use seismic lines for travel during

summer, but during winter wolf movements relative to seismic lines could be influenced by factors
additional to movement efficiency; potentially enhanced access to areas frequented by ungulate prey.
Grizzly lears may be using seismic lines for movement, but could also be using seismic lines as a source
of vegetative food or ungulate prey. To reduce wolf movement rate, restoration could focus on seismic
lines with vegetation <1 m in height. However our restatgealed that seismic lines continue to

influence wolf movement behaviour decades after they were built, and even at later stages of
regeneration. Therefore it remains unknown at what stage of natural regeneration, if any, wolves cease
to respond to seisnailines.

Caribou Oil and GasMovement

Sorensen, A., Denny, C., McKay,& Stenhouse, G(2021). Response of grizzly bear8(sus arctoyto
pipelines inAlberta. Environmental Management. In press.

This research provides the firstdepth analysis of fingcale grizzly bear habitat selection and

movement patterns in response to the linear footprints cleared for below ground pipelines in Alberta.
Using arextensive set of GPS location data from collared grizzly bears, we were able to determine that
grizzly bears selected for younger pipelines (mean age since last construction~6.5 years), which are
known to have a greater abundance of important bear fod@ksars also selected for wider corridors

that were disturbed for construction more than once. During the spring season, sex/age class was an
important predictor of grizzly bear use of pipelines, with adult female bears more likely to use these
features thanother sex/age classes. Examination of movement patterns revealed that pipeline density
influenced grizzly bears' movement rates and path straightness, particularly in the spring, when bears
moved more slowly and movement paths were more tortuous in avétshigher pipeline densities.

These movement patterns are consistent with foraging behaviour and further indicate that bears are not
exhibiting avoidance behaviors or displacement by pipeline features, and pipelines may be functioning
as seasonally imptant foraging areas for grizzly bears in Alberta.

Oil and GasMovement DisturbanceHabitat SelectionFood
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Figure23. Location of the study area near Hinton, Alberta, Canada defined by a buffaloberry fruit density model (fruf)/900 m
by Nielsen et al. (2017). Fruit density is symbolized based on quantile classification. Figure froet &le2®ig8, p.101

This section regards the relationship between grizzly bears and the distribution of food resources.

Munro, R. H. M., Nielsen, S. E., Price, M. H., Stenhouse, G. B., & Boyce, M. S. $@86nal and diel
patterns of grizzly bear diet andctivity in westcentral Alberta Journal of Mammalogy, 87(6), 1142
1121.https://doi.org/10.1644/05-MAMM-A-410R3.1

Seasonal food habits and activity patterns were examined for grizzly bears fdrts in westentral
Alberta, Canada, to better understand habitat requirements in a threatened population. Food habits
were based on an analysis of 665 feces collected from 18 grizzly bears between April and October 2001
2003. Trends in the use ofdds were comparable to those of other central Rocky Mountain

populations, with minor differences likely reflecting regional habitat and forage availability. Five
activities (bedding, sweet vetch digging, insect feeding, frugivory, and ungulate killsideetiéied for

each of 1,032 fieldiisited global positioning system radiotelemetry locations from 9 female grizzly
bears. We predicted the probability of each activity during relevant periods by time of day (crepuscular,
diurnal, and nocturnal) and habitaSelection ratios were used to assess which habitat and time periods
were selected. Activity patterns changed considerably over-a pdriod, with foraging activities

occurring mostly during diurnal and crepuscular periods and bedding at night. Hatéssmportant
predictors of activity. Forested areas were selected for bedding areas, whereas diggingfdresgiog,

and frugivory activities were associated with herbaceous, recently disturbed forest anecapepy

00

Grizzly Bear Responsé&sood 1
‘i:!. ‘ fR1 Research
'-’_ farming Land & R

g Land B Resource Management


https://doi.org/10.1644/05-MAMM-A-410R3.1

TWO DECADES OF SCIENCE TO PROVIDE KNOWLEDGE AND PLANNING TOOLS TO ENSURE THE LO
TERM CONSERVATION OF GRIZZLY BEARS IN ALBERTA.

forests. We suggest that researeseconsider behavior and time of day in analyses of habitat selection
to improve explanations of habitat use and mechanisms of selection.

Food; Vegetation; Behaviour; Forestry; Forest Structure; Bedding

Nielsen, S. E., Larsen, T. A., Stenhouse, G. B.o&dbp S. C. P. (201 Qomplementary food resources
of carnivory and frugivory affect local abundance of an omnivorous carniv@éos, 126(3), 36E880.
https://doi.org/10.1111/0ik.03144

A major unresolveduestion for omnivorous carnivores, like most species of bears, is to what degree
are populations influenced by bottomp (food supply) or toglown (humancaused mortality)

processes. Most previous work on bear populations has focused on factors thauimival (topdown)
assuming little effect of food resource supply. When food resources are considered, most often they
consider only the availability/supply of a single resource, particularly maubsidized or terrestrial
sources of protein (carnivgy or alternately hard or soft mast (frugivory). Little has been done to
compare the importance of each of these factors for omnivorous bears or test whether complementary
resources better explain individual animal and population measures such as deitaltsates, and

body size. We compared landscape patterns of digestible energy (kcal) for buffaloberry (a key source of
carbohydrate) and ungulate matter (a key source of protein and lipid) to local measures in grizzly bear
Ursus arctogsbundance at DNA&ir snag sites in westentral Alberta, Canad&Ve tested support for
bottom-up hypotheses in either single (carnivory [meat] versus frugivory [fruit]) or complementary
(additive or multiplicative) food resources, while accounting for a-wedwn top-down limiting factor
affecting bear survival (road densityye found support for both tojglown and bottomup factors with
complementary resources (domitation) supported over single resource supplies of either meat or fruit.
Our study suggests that the alaility of food resources that provide complementary nutrients is more
important in predicting local bear abundance than single foods or nutrients (e.g. protein) or simply
energy per se. This suggests a nutritionally multidimensional bettpriimitationfor a low density

interior population of grizzly bears.

Food Nutrition; Predation DNA Hair SnagRoads

Denny, C. K., Stenhouse, G. BN&lsen, S. E. (20183 cales of selection and perception: landscape
heterogeneity of an important food resource influences habitat use by a large omnivovddlife
Biology,2018(1) https://doi.org/10.29 81/wlb.00409

Variation in food abundance and distribution influences animal foraging behavior, but response is
contingent on the amount of resource heterogeneity detected, which is consistent with environmental
'grain’ size. Large mammals presumably peredheir surroundings at broad spatial scales, but the
importance of landscapkevel food resource properties for habitat use is generally less understood. We
evaluated the role of heterogeneity of Canada buffalob&hgpherdia canadensidefined by fruti
distribution and variability in patch quality (fruit density), in grizzly Béiemus arctofabitat selection by
comparing patchand landscapdevel foraging strategies (resource us@yr objectives were to: 1)

identify the spatial scale at which giligbears select buffaloberry fruit resources; 2) determine whether
patch or landscapdevel foraging strategies explain resource use; and 3) assess the importance of
resource heterogeneity in structuring habitat selecti@uffaloberry patch and landscapariables were
combined with GPS radielemetry data from eight collared grizzly bears in wesihtral Alberta,

Canada, to fit resource selection functions (RSFs). We found that a spatial scale of 1887 m,
corresponding to an average travel distance feats over 5.5 h, was the most supported scale for
buffaloberry use. Landscapevel foraging strategies generally had more support than those of the
patchlevel, with spatial heterogeneity of buffaloberry patches best explaining grizzly bear selection for
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fruit resources. Bears selected for areas with a wider distribution of buffaloberry fruit and greater
variability in patch quality, thus providing both a higher probability of shrub encounter and greater
contrast between resource patches. A negative intéicm between distribution and variability,

however, indicated a tradeoff where use of areas with a more widespread fruit distribution decreased
when variability in resource quality was high. These results demonstrate the influence of food resource
heterogeneity on animal habitat use and emphasize the value in considering spatial scale in studies of
animalresource interactions.

Food Habitat SelectionNutrition

Nielsen, S. E., Boyce, M. S., Stenhouse, G. B., & Munro, R. H. M. (E@¥8Jopment and testing of
phenologically driven grizzly bear habitat modelscoscience, 1Q), 1¢10.
https://doi.org/ 10.1080/11956860.2003.11682743

We developed and compared three habitat models for estimating the relative probability of occurrence,
by month, for grizzly bearfJ(sus arctosin Jasper National Park (JNP), AlbeFteese models included

1) a habitat map érived from remote sensing Landsat imagery; 2) foatex models generated from

the predicted occurrence of bear foods and assigned monthly importance values; and 3) probabilistic
food models representing the occurrence of each bear food. Resource seléatiction (RSF) models

for grizzly bears were generated using 3,924 global positioning system (GPS) radiotelemetry locations
FYR (GKS 1 02@0S KFEoAGFEG Y2RSfad /2YLI N az2ya 6SNB Yl
Information Criterion (AIC). In @éven months (April to October), foaddex models performed poorly.

In April and July, the remotgensing habitat map predicted bears best, while the fpoobability

models performed best in the remaining five months. Overall, we found substantial wepent by

using foodprobability models for predicting JNP grizzly bear occurrence. Reseoiging maps,

although predictive, may not reveal underlying mechanisms and fail to recognize the dynamic nature of
seasonal grizzly bear habitats. The disconnetivben foodindex and fooeprobability models suggests
that monthly food importance values require additional parameterization. Development of spatial food
models on phenologically important scales more closely matches the resources and temporal scales at
which animals perceive and use resources.

Habitat SelectionPhenologyDensity Food

McClelland, C. J. R., Coops, N. C., Kearney, S. P., Burton, A. C., NielsenS&erthodse, G. B. (2020).
Variations in grizzly bear habitat selection in relation to the daily and seasonal availability of annual
plant-food resources Ecological Informatics, 5801116

https://doi.org/10.1016/j.ecoinf.2020.101116

Determining how resource availability changes daily, seasonally and annually, and how wildlife react to
these changes, is valuable for managing wildlife. For vegetative resources phenological information can
be usedo determine availability and model the distribution of available resourtés study develops

a set of annually varying species distribution models using maximum entropy modeling for eight grizzly
bear key planfood species using 1635 food occurrenceliected between 2001 and 201%easonal
availability (phenology) of plafibod species were then estimated daily at a 30 m resolution for the

period 20002017 using ground data collected at 15 sites in 2015 and 2018 combined with newly
created fine scalphenology product DRIVE (Daily Remote Inference of Vegetation). These food
availability layers were then used to develop resource selection functions with grizzly bear GPS collar
data to describe daily and seasonal habitat selection and to compare hswlthnges over a thregear

period based on changes in mean annual precipitation. Results demonstrated that grizzly bears selected
areas where key plaffbod species were available and that habitat selection varied between wet and
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dry years dependant on ason and species. In dry spring conditions, selection for root species was
stronger and occurred earlier than for an average and wet year. In the wet summer, length of selection
for forb species increased, while strength of selection for wet and dry yeasspecies dependant. In

the fall, strength of selection for berry species between wet and dry years was species dependant, but
overall selection for berry species was prolonged in the dry fall year. This research aids in predicting how
inter-annual diffeences in climate affect grizzly bear habitat selection and provides insights to managers
regarding how changes in management practices that encourage growth of understory vegetation could
be used to maximize food resources regionally for grizzly bearstaed wildlife.

Habitat SelectionPhenologyFood Vegetation $eciesDistribution Models Climate

Pigeon, K. E., Cété, S. D., & Stenhouse, G. B. (28386¢ssing den selection and den characteristics of
arizzly bearsThe Journal of Wildlife Management, 8B), 884;893.
https://doi.org/10.1002/jwmg.1069

Hibernation has evolved as an adaptive strategy to avoid harsh environmental conditions associated
with a lack of resources, and the choice of hibernacula can affect the fithess of individuals. Most habitat
selection studies, including investigations @kowintering sites, are based on data collected from land
inventories or remote sensing databases used in a geographic information system (GIS). Although rarely
used, forest stand ecological data gathered at fine spatial scales may enhance our undegstdindin
selection processe®ur objectives were to enhance previous -B#Sed investigations of den use by
grizzly bearsyrsus arctopwith field-based investigations and determine whether males and females
selected dens in response to food availabilitythimi-stand characteristics related to concealment cover,

or factors affecting the structural stability of deW¥e studied den selection for 10 male and 21 female
grizzly bears at the homeange scale and within the den vicinity using data collected atef2sites,

168 adjacent sites, and 345 random locations within the Rocky Mountains and boreal forest of Alberta,
Canada between 2001 and 2012. Within their autumn home range, male and female grizzly bears
selected sites with greater concealment cover,ajez canopy cover, and more abundant sweetch
(Hedysarunspp.) compared to availability. Poor model performance when comparing den sites to
adjacent sites within the den vicinity suggests that male and female grizzly bears select sites at scales
largerthan 0.1 km. We found no difference in the dimensions and characteristics of dens excavated by
males and females, nor in the structural stability of dens dug under a mature tree or in open areas, and
no selection for a specific type of mineral soil or petage of boulders and cobbles. Our results
corroborate previous resource selection functions using remote sensing and land inventory data but
show that homerange scale analyses can fail to assess selection of potentially influential, ecologically
important within-stand characteristics such as food abundance and lateral cover. V8tdmid data are
typically unavailable through current habitat maps and field data can enhance our understanding of
fine-scale selection. To minimize humhbear interactions andisturbances at dens, we recommend
integrating fieldbased investigations to higriority denning areas identified from resource selection
functions, and to further improve conservation efforts, we recommend taking into account vgthird

data to desdbe behaviors occurring during the active and inactive periods.

Denning Food Security Forest StructureAnthropogenic Disturbance

Pigeon, K. E., Stenhouse, G., & C6té, S. D. (20tBjers of hibernation: linking food and weather to
denning behaviour of grizzly bearBehavioral Ecology and Sociobiology, 70(10), 1454.
https://doi.org/10.1007/s00265016-21805

Climateinduced changes in the phenology of hibernation for bear species could result in altered energy
budgets, reduced cub survival and fitness and increased htbeanconflictsUsing 11 years of data,
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we determned the amount of variation in den entry and den exit dates that could be attributed to sex
and reproductive status, weather and berry availability for 15 male and 58 female grizzly besars (
arctog. We estimated berry availability during autumn using a probability surface of berry productivity
within the home range of 13 individuals over 3 years. Sex and reptivdgtatus explained 22 and %4

of the variation in den entry and den exit dates, respady. Weather did not influence the timing of

den entry but berry availability in autumn explained 39% of the variation observed in den entry, and
high berry availability was associated with late den entry. Elevation and spring temperatures, and
elevatin and winter precipitation, rgpectively, explained 26 and %ilof the variation observed in den

exit dates. Increasing spring average monthly maximum temperature by 4°C resulted in bears emerging
from dens 10 days earlier and an increase of 1.25 m in gmewipitation delayed den exit by 1 week.

We demonstrate that although the phenology of hibernation for grizzly bears depends on sex and
reproductive status, den entry appears to be driven by food availability, while den exit is more linked to
weather. Extnded growing seasons and mild meteorological conditions should result in shorter denning
periods for grizzly bears.

Deming;, Food PhenologyClimate
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QLIMATE

Figure24. The three snow metrics derived from SNOWARP (Berman et al. 2018) at 30 m spatial resolution for y28is72009

a-c) Annual date of snow melt shown for spring 2010, 2015, and 2017. Days since snow melt (DSM) was produced by subtracting
date of snow melfrom the date associated with each grizzly bear telemetry locatidhddily binary snow covered area (bSCA)

shown on April 1, May 1, anldine 1, 2017.-9 daily fractional snow covered area (fSCA) shown on April 1, May 1, and June 1,

2017. Figure fronBerman et al. 2019.106.

Here we describe how grizzly bears respond to climate and weather variables.

Pigeon, K. E., Cardinal, E., Stenhouse, G. B., & C6té, S. D. @@#)g cool in a changing landscape:
the influence ofmaximum daily ambient temperature on grizzly bear habitat selecti@ecologia,
181, 110%1116.https://doi.org/10.1007/s00442-016-36305

To fulfill their needs, animals are constantly making traffs among limiting factors. Although there is
growing evidence about the impact of ambient temperature on habitat selection in mammals, the role
of environmental conditions and thermoregulation on apex predators is poorly unders@ad.

objective was tdnvestigate the influence of ambient temperature on habitat selection patterns of
grizzly bears in the managed landscape of Alberta, Caiadzzly bear habitat selection followed a daily
and seasonal pattern that was influenced by ambient temperaturdéy adult males showing stronger

05

Grizzly Bear ResponseSlimate 1
‘i:!. ‘ fR1 Research
""— afarming Land & R

g Land & Resource Management


https://doi.org/10.1007/s00442-016-3630-5











































































































































