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Chapter 1:  Background, study area, and research ob jectives. 
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Chapter 2: Grizzly bear habitat selection patterns on pipeline 
right-of-ways  
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Table 1: Buffers applied to linear features in the Kakwa study area, based on widths measured in the field or using a GIS. 
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Table 2. Seasonal model coefficients, standard errors, and 95% confidence limits for female grizzly bear habitat selection of 
linear features. Results in bold indicate that use was significantly different than expected based on habitat availability. 
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Table 3. Seasonal model coefficients, standard errors, and 95% confidence limits for male grizzly bear habitat selection of linear 
features. All results are significantly different than expected based on habitat availability. 
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Table 4. Matrix of comparisons of female grizzly bear use of linear feature types. Seasonal model coefficients, standard errors, and 95% confidence limits indicate the likelihood of 
use of the linear feature type on the left as compared to the linear feature type across the top of the table. Confidence intervals were corrected using the Bonferonni adjustment for 
comparison across multiple habitat types. Results in bold indicate statistically significant differences. 
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Table 5. Matrix of comparisons of male grizzly bear use of linear feature types. Seasonal model coefficients, standard errors, and 95% confidence limits indicate the likelihood of 
use of the linear feature type on the left as compared to the linear feature type across the top of the table. Confidence intervals were corrected using the Bonferonni adjustment for 
comparison across multiple habitat types. Results in bold indicate statistically significant differences. 
 

� � �(2*/()* � � �(2*/()* !,8+4� � �8+4 �
� � � � � B;N� ( � � � � � B;N� ( � � � � � � B;N� ( � �
� � Q� !* � � � �
��� � .���� � � Q� !* � � � �
��� � .���� � � Q� !* � � � �
��� � .���� �
2,()= � #������� 0�
�� � -0.06 0.13 1.000 -0.43 0.30             
� ,
�� � -0.09 0.14 1.000 -0.47 0.31  -0.02 0.11 1.000 -0.32 0.29       
� !���"�� � -0.14 0.12 1.000 -0.49 0.21 

 
-0.08 0.09 1.000 -0.33 0.17 

 
-0.06 0.10 1.000 -0.35 0.22 

.11*, � #������� 0�
�� � -0.01 0.08 1.000 -0.25 0.22             
� ,
�� � -0.08 0.09 1.000 -0.33 0.17  -0.07 0.07 1.000 -0.26 0.12       
� !���"�� � -0.42 0.08 <0.001 -0.65 -0.20  -0.41 0.06 <0.001 -0.57 0.24  -0.34 0.06 <0.001 -0.52 -0.16 

�+//� #������� 0�
�� � -0.42 0.09 <0.001 -0.66 -0.18 
            

� ,
�� � -0.48 0.09 <0.001 -0.73 -0.22  -0.05 0.08 1.000 -0.27 0.16       
� !���"�� � -0.24 0.08 0.026 -0.46 -0.02  0.18 0.06 0.023 0.01 0.35  0.24 0.07 0.005 0.04 0.43 
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Chapter 3: Parameters influencing the use of pipeli ne right-
of-ways. �
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Table 2. Pipeline RoW candidate models and AICc values for pipeline parameters*. Top models are in bold, and superscripts indicate top models for: 1) Spring, 2) Summer, 3)a 
and 3)b Fall. Variables include age-sex class (AS), disturbance age (DA), multi-pass (MP), pipeline density (PD), road density (RD), and landcover (LC).�

� � � 2,()= � � � � .11*, � � � � �+//� � �
�84*/� �+,+1*-*,0� �� ��� ��� ?� D��� ?� ��� ?�� � ��� ��� ?� D��� ?� ��� ?�� � ��� ��� ?� D��� ?� ��� ?��

�.//� � =� -732.43 1467.08 5.93 0.036  -1315.43 2633.02 22.33 0.000  -1436.12 2874.45 82.06 0.000 

� � � �� ;� -723.43 1461.15 0.00 0.693  -1307.93 2628.60 17.90 0.000  -1392.63 2799.01 6.62 0.024 

�� ���V��#�V�#�� 8� -730.79 1472.24 11.09 0.003  -1303.67 2617.07 6.38 0.032  -1428.71 2867.77 75.38 0.000 

 � ,��V�#��� ?� -731.80 1471.09 9.95 0.005  -1314.03 2635.05 24.36 0.000  -1433.49 2874.31 81.92 0.000 

#� � ��V���� ;� -727.56 1469.40 8.25 0.011  -1301.20 2615.13 4.43 0.084  -1417.81 2849.37 56.98 0.000 

"� �!�V�,��V�#�� 3� -722.85 1469.04 7.89 0.013  -1306.43 2632.46 21.77 0.000  -1389.36 2800.72 8.33 0.010 

�� �!�V�,��V�#��V��!W,��V��!W#�� =;� -721.68 1555.37 94.22 0.000  -1298.60 2657.50 46.81 0.000  -1370.59 2829.17 36.78 0.000 

&�� + � ��E	�� <� -722.41 1463.29 2.14 0.238 
 -1297.35 2610.69 0.00 0.768  -1387.4 2792.39 0.00 0.660 

'  9 � ��E��	�E��	�E�	�� @� -721.88 1472.85 11.70 0.002  -1295.45 2614.47 3.78 0.116  -1383.43 2793.93 1.54 0.306 


/89+/� �!�V����V���#�V�,��V�#��V�� 8�
V���!W,��V�!W#��

=B�
-716.97 2153.94 692.79 0.000  -1283.71 2700.41 89.72 0.000  -1354.24 3126.47 334.08 0.000 
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Table 3. Pipeline-road RoW candidate models and AICc values for pipeline parameters*. Top models are in bold, and superscripts indicate top models for: 1)a and 1)b Spring, 2) 
Summer, 3) Fall. Variables include age-sex class (AS), original pipeline age (PA), multi-pass (MP), pipeline density (PD), road density (RD), and landcover (LC). 

� � � 2,()= � � � .11*, � � � �+//� � � �
�84*/� �+,+1*-*,0� �� ��� ��� ?� D��� ?� ��� ?�� ��� ��� ?� D��� ?� ��� ?�� ��� ��� ?� D��� ?� ��� ?��

�.//� � 1 -2019.86 4041.94 75.23 0.000 -3738.21 7478.56 299.84 0.000 -3679.61 7361.41 130.49 0.000 

�� �!� 5 -1987.13 3988.55 21.85 0.000 -3673.95 7360.51 181.79 0.000 -3634.83 7283.41 52.49 0.000 

�� #��V��#�V�#�� 4 -2007.23 4025.13 58.43 0.000 -3648.16 7305.98 127.26 0.000 -3636.44 7283.23 52.31 0.000 

 � ,��V�#��� 3 -1999.23 4005.96 39.26 0.000 -3686.82 7380.61 201.88 0.000 -3664.85 7337.04 106.12 0.000 

#� � �V�#�� 5 -2012.30 4038.89 72.19 0.000 -3661.21 7335.02 156.30 0.000 -3652.76 7319.27 88.35 0.000 

"� ��E��	�E��	 �+ � 7 -1971.69 3966.70 0.00 0.520 -3668.78 7356.90 178.17 0.000 -3624.05 7270.11 39.19 0.000 

�� �!�V�,��V�#��V��!W,��V�
�!W#��

14 -1968.23 4048.45 81.75 0.000 -3624.75 7307.50 128.77 0.000 -3606.83 7301.66 70.74 0.000 

&� �!�V�#�� 6 -1981.44 3981.34 14.63 0.000 -3605.41 7226.64 47.92 0.000 -3608.38 7234.35 3.43 0.152 

'� ��E��	�E��	�E��� �9��� � 8 -1968.89 3966.87 0.17 0.479 -3577.76 7178.73 0.00 1.000 -3601.92 7230.92 0.00 0.848 


/89+/� �!�V�#��V���#�V�,��V�#��
V�� �V���!W,��V�!W#��

19 -1962.35 4644.71 678.00 0.000 -3562.70 7247.84 69.11 0.000 -3570.84 7559.68 328.76 0.000 

�
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Figure 3. Predicted probability of pipeline-road RoW use by age-sex class and season. Age-sex classes include females with cubs 
of the year (Fcoy), adult females (AF), adult males (AM),  subadult males (SaM), and subadult females (SaF). 
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Figure 4. Mean pipeline age for available and used pipeline-road RoW sites, by season. 
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Figure 5. Mean pipeline densities for available and used pipeline-road RoW sites, by season. 
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Figure 6. Mean road densities for available and used pipeline-road RoW sites, by season. 
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Chapter 4: Food availability on pipeline right-of-w ays. 
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Table 1. Bear foods used in analysis. 
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Table 2. Frequency of occurrence (percentage of plots with bear food present) of bear foods by habitat type. 
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Tables 3a. and 3b. Comparison of probability of occurrence of bear foods at pipeline RoWs compared to coniferous forest, deciduous/mixed forest, and regenerating forest 
(cutblocks). Significant differences are in bold. 

Pipeline RoW versus comparison group 
� Ants Equisetum sp. Lonicera involucrata Ribes sp. Rubus sp. 

Comparison group: Odds 
ratio 
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Pipeline RoW versus comparison group 
� Taraxacum Trifolium sp. Ungulates Vaccinium 

membranaceum 
Vaccinium vitis-idaea 
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Tables 4a. and 4b. Comparison of probability of occurrence of bear foods at pipeline edges compared to coniferous forest, deciduous/mixed forest, and regenerating forest 
(cutblocks). Significant differences are in bold. 

Pipeline edge versus comparison group 
� Lonicera involucrata Ribes sp. Rubus sp. Taraxacum 

Comparison group: Odds ratio p Odds ratio p Odds ratio p Odds ratio p 
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group: 
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Chapter 5:  Linear features and predation. 
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Figure 1. Mean distances to roads, seismic lines, pipeline-road RoWs and pipelines, by location type��
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Table 1. Average distance to linear feature for individual grizzly bears, by use points (GPS collar locations), available points (random locations), confirmed predation sites 
(killsites), and confirmed non-predation use sites. Mean values with significant differences are in bold, and contrasts between comparison groups are indicated by a) significant 
differences between use and available, and b) significant difference between killsites and available. 
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Table 2. Coefficients and confidence intervals by individual grizzly bear for analysis of distance to nearest road for: 1) use versus available locations, 2) killsites versus available 
locations, and 3) killsite versus non-killsite use locations. Significant results are in bold. 

� �0*�>*,0.0�+>+(/+9/*� � � �(//0(-*0�>*,0.0�+>+(/+9/*� � �(//0(-*0�>*,0.0�)8) !G(//0(-*�.0*� �

� � � B;N� ( � � � B;N� ( � � � B;N� ( �
�*+, � Q� � � �
��� � .���� � Q� � � �
��� � .���� � Q� � � �
��� � .���� �

�� � !%�%%%�"� %�%%%� !%�%%%  � !%�%%%��� >�>>>?8� >�<36� 0>�>>=6?� >�>>=B=� >�>>=8?� >�?;>� 0>�>>=;; � >�>>88=�

� � � %�%%%�#� %�%#�� %�%%%% � %�%%%�"� >�>>=>=� >�?@3� 0>�>>=6<� >�>>?6@� >�>>=??� >�??6� 0>�>>=?;� >�>>8>>�

� ' � !%�%%%""� %�%%%� !%�%%%� � !%�%%%#&� 0>�>>=<B� >�=?=� 0>�>>?@3� >�>>>;>� 0>�>>=>=� >�8=8� 0>�>>?8?� >�>>=8=�

��% � !%�%%%� � %�%%%� !%�%%%�@� !%�%%%%'� 0>�>>><B� >�636� 0>�>>=B?� >�>>>;8� >�>>>8>� >�;>; � 0>�>>>3<� >�>>=;3�

�&%� !%�%%%��� %�%%�� !%�%%%��� !%�%%%%�� >�>>>;=� >�>@?� 0>�>>>>8� >�>>=>3� >�>>>8;� >�=3<� 0>�>>>6>� >�>>==>�

�'% � !%�%%%  � %�%%%� !%�%%%#�� !%�%%%�#� >�>>>6=� >�<=<� 0>�>>><=� >�>>=>?� 0>�>>>@=� >�;??� 0>�>>??8� >�>>=36�

�'# � >�>>>>B� >�>@@� >�>>>>=� >�>>>=3� 0>�>>>?=� >�<>8� 0>�>>=8@� >�>>>@<� >�>>63>� >�66@� 0>�>>=<;� >�>>3>;�

�'& � !%�%%%� � %�%%%� !%�%%%&�� !%�%%%" � 0>�>>=>=� >�?=<� 0>�>>6BB� >�>>>B<� 0>�>>>@?� >�8>B� 0>�>>6@>� >�>>==8�

�

Table 3. Coefficients and confidence intervals by individual grizzly bear for analysis of distance to nearest seismic line for: 1) use versus available locations, 2) killsites versus 
available locations, and 3) killsite versus non-killsite use locations. Significant results are in bold. 
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Table 4. Coefficients and confidence intervals by individual grizzly bear for analysis of distance to nearest pipeline for: 1) use versus available locations, 2) killsites versus 
available locations, and 3) killsite versus non-killsite use locations. Significant results are in bold. 
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Table 5. Coefficients and confidence intervals by individual grizzly bear for analysis of distance to nearest pipeline-road RoW  for: 1) use versus available locations, 2) killsites 
versus available locations, and 3) killsite versus non-killsite use locations. Significant results are in bold. 
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Chapter 6:  Mortality risk factors 

A. Sightability of grizzly bears on pipeline RoWs. 
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Table 1.  Percent cover classes used to estimate forbs/grass and shrubs > 25 cm tall and tree canopy cover on pipelines. 
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Figure 1.  Frequency of maximum line-of-sight distances down pipelines from road intersections in the Kakwa Study area. 
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Figure 2.  The maximum line-of-sight obstruction types at 66 pipeline-road intersections in the Kakwa study area. 
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Figure 3.  Average percent of a “grizzly bear” visible in 50m increments down a pipeline from a road intersection at different 
location pairs for a total of 504 “bear” locations.  Standard error bars are shown. 
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Figure 3. Count of obstruction type by distance (m) down pipelines at road-pipeline intersections at 504 “bear” locations.  
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Table 2.  Explanatory variables used for assessing maximum line-of-sight down pipelines at road intersections in the Kakwa 
study area. 
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Table 3. A priori candidate models used to describe the maximum line-of-sight down pipelines at road intersections in the Kakwa 
study area. 
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Table 4.  AICc-selected models for predicting the maximum line-of-sight down pipelines at road intersections in the Kakwa study 
area. The model with the highest AIC weight is in bold. 
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B. Levels of human and wildlife use on pipeline RoW s. 
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Figure 1.  Locations of 7 cameras located on pipelines within the Kakwa study area.�
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Table 1. Count of photos by photo subject across the 6 camera sites. *Miscellaneous includes one photo each of an elk, mule 
deer, gray jay, and lynx. 
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Figure 1.  Remote camera picture of a grizzly bear event from the Pine Ridge site. One of these bears is an adult male grizzly 
bear (G270) wearing a GPS collar. 
�
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Figure 2.  Events/100 camera days across sites by photo subject. 
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