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Presenter
Presentation Notes
Hello everyone. My name is Bethany Arndt, and I have been a Master’s student in the Integrated Remote Sensing Studio at UBC since May of this year. I will be presenting on my research on incorporating perception into understanding grizzly bear behavioural responses to roads.



Research question
Q3A.4 What are the fine scale movement, health and survival responses to 

cumulative effects that are dynamic in space and time? 
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Presenter
Presentation Notes
CLICK AGAINI am working on the behaviour theme addressing question 3A.4: What are the fine scale movement, health, and survival responses to cumulative effects that are dynamic in space and time?



BEHAVIOUR

Link to Industrial Research Need
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5. Are the movement patterns of grizzly bears being impacted by 
natural resource extraction activities, including the development 
and use of roads and linear features, and have approaches to 
access control on the landscape influenced habitat use or grizzly 
bear movements? 

7. Have changing landscape conditions affected grizzly bear 
mortality risk within the study area? 

Presenter
Presentation Notes
My research question relates to the identified industry questions 5 and 7 – read.CLICKMy research question is quite broad, so more specifically, I am focusing in on grizzly bear responses to roads. 



BEHAVIOUR

Roads and Grizzlies
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• Most mortalities human-caused near roads
• 19/22 mortalities within 500 m of a road 

(Boulanger et al. 2014)

• decreased reproductive success at high 
road densities (Roever et al. 2008)

• Greater use of roads than null expectations
• Potential attraction to roadside food

• Traffic dependent
Wikimedia commons

Presenter
Presentation Notes
Understanding responses of grizzlies to roads is essential. We already know that most grizzly bear mortalities are due to human causes, and the majority of those are in close proximity to roads. For example, one study reported that 19/22 mortalities of radiocollared bears recorded between 1999 and 2012 in Alberta’s bear management units were within 500 m of a road. In addition, grizzly bears are found to have decreased reproductive success at high road densities. However, understanding grizzly bear responses to roads are still mixed. Some studies have demonstrated that grizzly bears use roaded habitats more often than expected, even when compared to road-like habitats such as low-lying valleys, possibly because of the attraction to young, regenerating vegetation on roadsides. We also know that grizzly bear responses to roads depend on the amount of traffic on the road – grizzlies tend to avoid roads above certain traffic thresholds.



BEHAVIOUR

Movement Patterns around Roads
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Presenter
Presentation Notes
The most common way we analyse how animals respond to a feature is by analysing movement patterns, which we can explore using fixes from GPS data collected at the fRI as described in previous presentations. We know that roads affect grizzly bear movement patterns. For example, here I have plotted the angle between a straight line to the closest road point and the direction a grizzly bear is moving – as demonstrated to the right. So at 0 the bear is headed towards the road and at 180 the bear would be headed away from the road. We can see in the plot on the left that these angles are centred around positive and negative 90 degrees – this means that grizzly bears tend to make turns to go parallel to roads. As distance to a road increases, this pattern becomes less strong and eventually fades out. Patterns like this also emerge when looking at grizzly bear step lengths and turning angles. We can use this type of data to determine when, where, and how grizzly bears are responding to roads. 



BEHAVIOUR

Movement – understanding behaviour
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• Intrinsic constraints (Martin et al. 2008)
• Physiology, speed

• Extrinsic constraints (Martin et al. 2008)
• Topography, anthropogenic features

• Habitat selection (Martin et al. 2008, Avgar et al. 2013)
• Individual decisions based on knowledge of the landscape

Presenter
Presentation Notes
We can think of an animal’s movement, or where we are likely to find it, as a function of its intrinsic constraints, such as physiology – it can’t fly, and it can only go so fast – extrinsic constraints, such as topographic barriers, and habitat selection, where the animal actually wants to go. I would like to focus on this aspect – which can be described as “Individual decisions based on knowledge of the landscape”. Previous studies have looked at whether grizzly bears select for roads based on their movement decisions with respect to their Euclidean distance to the road. However, animals can only make decisions about where to go on the landscape if they know what their options are. To confidently answer the question of how grizzly bears respond to roads, we need to know how the bear perceives the road – if it knows it is there. There is little research into how animal perception impacts movement decisions, and I hope to contribute to filling this gap.



BEHAVIOUR

Objectives
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Advance understanding of road impacts on grizzly bears by 
incorporating biologically significant variables associated with what 
a bear sees and hears

1) Build zones of impact around roadways based on grizzly bear 
perception and movement

2) Use perception layers to analyse and predict bear movement and 
survival

Presenter
Presentation Notes
My goal for my Master’s thesis will be to advance our understanding of road impacts on grizzly bears by incorporating biologically significant variables associated with what a bear sees and hears.  I will do this by building zones of impact around roadways which incorporate measures of perception, and using perception layers to analyse and predict bear movement and survival.



BEHAVIOUR

Perception Mapping
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• Covariates: 
• road visibility raster
• road audibility raster
• combined road perception raster

• Based on remotely sensed LiDAR data 
(2007)

Presenter
Presentation Notes
My first step is to create my perception covariates. My goal in this step is to create rasters over the landscape to estimate road visibility, road audibility, and combined road perception from each cell. I will build each layer primarily based on detailed remotely sensed LiDAR data updated with change layers from LandSAT. 



BEHAVIOUR

Quantifying visual perception - viewsheds
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• Using LiDAR to build viewsheds 
from x, y, z location

• Used in behavioural studies 
• predation, mating displays, den 

selection

• Also important to understanding 
poaching

Robin Stevens

Presenter
Presentation Notes
When we think of perception, usually the first thing we think of is sight. Visual perception can be quantified with viewsheds, which are commonly employed in landscape planning. Viewsheds can be built from x, y, z locations on elevation models to see whether sightlines to a grid cell are blocked by intervening land – in this case, of course, the road would be invisible from behind that hill. Viewsheds have also been used in ecology studies of animal behaviour, for example looking at predation risk, mating displays, or den selection, but only a few studies have looked at the importance of viewsheds around human disturbances. My main objective is to understand grizzly bear movement behaviour and response, but viewsheds are also important from a human perspective, as bears are in greater danger of poaching within the viewshed of a road. 



BEHAVIOUR

Viewsheds - Visual Magnitude
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Proportion of an observer’s field of 
view calculated from distance, 
slope, and angle (Chamberlain and 
Meitner 2013)

Presenter
Presentation Notes
While viewsheds are most often considered in binary form, I would like to take into consideration that the visual impact of a feature is very different depending on distance and angle. Several metrics of non-binary viewsheds are available, but of the metrics I’ve looked at so far, the visual magnitude approach seems most in line with my goal of perceptual impact assessment.  Visual magnitude is the proportion of an observer’s field of view calculated from distance, slope, and angle.  



BEHAVIOUR

Quantifying auditory perception -
soundscapes
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• Built from sound propagation models from point sources
• Most commonly used for animals that use vocalizations for 

communication over distances
• Incorporates the importance of traffic

Presenter
Presentation Notes
I will also quantify the soundscape around the road, estimating how far traffic noise propagates from the road. Sound can be modelled from point sources using a distance decay function and landscape data. Sound has often been incorporated in studies measuring the impacts of disturbance, but most studies focus on animals that use communication over long distances. However, since we know that grizzlies respond differently to different traffic levels, I would like to investigate whether the increased traffic noise could be a factor. I will build on Sean’s work on road classification to estimate traffic and sound levels for different road types. 



BEHAVIOUR

Soundscapes – SPreAD-GIS
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• Developed by the USDA Forest 
Service

• Built for rural landscapes
• Based on elevation, landcover

type, and weather conditions
• Considers different frequencies
• Validation from sound monitors

Presenter
Presentation Notes
Spread-GIS is the sound propagation model most commonly used for wildlife studies and non-urban environments. Spread-GIS was originally developed by the USDA Forest Service for managing noise from outdoor recreation. It uses elevation, landcover type, and weather conditions to model sound propagation from a point source. A strength of Spread-GIS is that it considers different frequency bands, which can be important to different species with sensitivities that differ from humans. There is also potential to use audio data from other studies to validate the model predictions. Once I build my models for sight and sound, I will combine them to form an overall perception metric so that I can calculate how perceptible a road is from each cell and each grizzly bear location. 



BEHAVIOUR

Zones of Influence : How far do the effects of 
a disturbance extend?
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• Commonly a Euclidean buffer zone
• Highly variable estimates for grizzly 

bears around roads
• Context dependent

Presenter
Presentation Notes
Now for building zones of influence. An important management goal for industries and planners is to determine at what scales a disturbance has an effect on the surrounding flora and fauna. Most commonly, zones of influence are determined by calculating a Euclidean distance threshold and creating a buffer around the feature – here, I’ve buffered the road by 500 m. Several studies have attempted to determine the response scales of grizzly bears to roads, reporting estimates from under 100 m to 1 km. However, zones of influence are context-specific and should not be universally applied. In reality, the zone of influence is an irregular polygon surrounding a feature which extends to varying degrees depending on landscape patterns – as I’ve shown, for example, here. I will explore how the zone of influence around a road could be improved for grizzly bears by incorporating indicators of grizzly bear perception.
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Relating Back to Movement Responses
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Semivariograms:
• assess autocorrelation by visualizing the 

variance between pairs of attributes at 
increasing distances

Modification by Kite et al. (2016)
• Use distance to feature instead of distance 

between pairs

Proposed New Modification
• Use measures of perception in lieu of distance

Wiki Landscape Toolbox

Presenter
Presentation Notes
I will evaluate the effect of perception on grizzly bear movement using modified semivariogram models. Semivariograms are a tool used in landscape ecology to assess autocorrelation between points. They do this by visualizing the variance between pairs of attributes at increasing distances. In general, things that are close together are similar and there is little variation in attributes, but at increasing distances they are less related. Where variance levels off, we can assume that the points are no longer correlated. CLICKSemivariograms can be modified so that instead of looking at the variation in attributes between pairs of points, we can plot the variation in the attributes of a point at increasing distances from a feature. Kite et al. used this approach to build context-dependent zones of influence, plotting the variance in grizzly bear step lengths at increasing distances from a road. Where the variance leveled off, she suggested that this means the road is no longer impacting grizzly bear movement.I propose building on her approach, but using measures of perception such as visual magnitude or sound levels, as I described in the previous slides, in lieu of Euclidean distance. 



BEHAVIOUR

Behavioural Analyses: How do grizzlies 
respond to roads and why?

15

• Untangling when grizzly bears avoid and select for roads based on 
their perception of the nearest road

Integrated Step Selection Analysis (iSSA)
• Incorporates both habitat selection and movement (Prokopenko et 

al. 2017)
• Compare models with perception as predictors with null models

Presenter
Presentation Notes
Once I have built my perception layers and determined a zone of influence, I will move into behavioural analyses. Beyond just where grizzlies respond to the road, we want to know how they respond, and why? Most analyses of animal movement near roads use resource selection functions to determine whether animals preferentially select or avoid areas near roads. Like analyses of zones of influence, resource selection functions are usually employed in connection to roads by adding Euclidean distance to roads as a predictor. I will test the prediction that grizzly bear space use is better explained using measures of road perception than Euclidean distance to roads alone. Integrated step selection analysis (iSSA) is the leading method of animal movement analyses in recent years, incorporating both habitat selection and movement, and Ethan did a good job of describing it in his earlier presentation. An important advantage of step selection analysis is that it does not require independence between data points like traditional resource selection functions. I will build null models for grizzly bear movement based on previous work, including Ethan and Brandon’s and add in road perception variables to see if they can improve models. 



BEHAVIOUR

Survival Analyses
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• Are grizzly bears more likely to be killed within a viewshed?
• 10/22 known deaths due to hunting or poaching (Boulanger et al. 2014)

US National Park Service

Presenter
Presentation Notes
Finally, arguably the most important thing we can understand about roads and perception from a management perspective is whether we can use it to predict grizzly survival. As I mentioned earlier, the vast majority of known grizzly mortalities occur near roads, and most of those are human-caused. 10 out of 22 known deaths in the study I mentioned earlier are due to poaching or hunting when it was legal. I hypothesize that bears are more susceptible to human mortality when they are visible from roads, like this guy, sitting temptingly on a hillside. I will test this by comparing mortality inside and outside viewsheds. 



BEHAVIOUR

Forest Management Applications
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• How would different logging practices affect perception and grizzly 
bear movement?

Always visible
Only visible using bare earth
Always invisible

Comparing viewsheds using bare earth and canopy height models

Presenter
Presentation Notes
My research will have practical implications for forest management. Since tree height and density are important determinants of both visibility and audibility around roads, I can explore the question of how different logging practices may affect perception and thus grizzly bear movement. For example, here you can see a comparison of viewsheds built with and without vegetation. White areas are visible in both analyses, dark green is invisible in both analyses, and light green are areas that are invisible in the vegetated model but visible using bare earth. As you can see, vegetation has a big impact! I will explore different management scenarios using logging simulations. GREEN MAP



BEHAVIOUR

Impact
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• Determine extent of road influence
• Understand grizzly bear movement and mortality
• Assess importance of traffic to inform access management
• Inform road placement and screening buffers

Presenter
Presentation Notes
Outcomes of my research include determining the extent of impact of roads, and increasing our understanding of grizzly bear movement behaviour and survival, which relates to industry question 5. In addition, my assessment of traffic noise will help us understand the effectiveness of access management practices, which supports industry question 7. My research will also inform where to place roads and whether screening buffers to block sight or sound would be useful.



Thank you!

Bethany Arndt
MSc Student, Integrated Remote Sensing Studio

bethany.arndt@alumni.ubc.ca
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