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inform the monitoring of identified priorities within the forthcoming action framework. 
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Executive Summary 

This project supports the University of British Columbia Biodiversity Framework by 

developing measurable indicators for Priority 1: connecting and protecting high-value 

ecological areas. While the framework outlines important strategies, it currently lacks clear 

definitions and operational indicators needed to guide decision-making and track current and 

future action progress. 

To address this gap, we developed a set of standardized definitions and a suite of 

indicators designed to quantify ecological value and landscape connectivity across campus. A 

composite Disturbance Pressure Index (DPI) was created to assess ecological condition using 

impervious surface cover, tree canopy cover, land surface temperature, and patch size. 

Ecological quality was identified by combining the DPI, species richness and land type. 

We also developed species-specific connectivity models for representative urban 

wildlife, focusing on the Douglas squirrel, Coyote, and Little brown bat, using cost-distance, 

euclidean distance and least-cost path analyses. These models demonstrate how movement 

across campus varies depending on species behaviour and habitat requirements. 

Together, they enhance the applicability of the Biodiversity Framework by translating 

broad strategies into measurable, spatially explicit tools for planning and decision-making. 

 

Introduction 

UBC’s Biodiversity Framework establishes a long-term vision for protecting and 

enhancing ecological systems across campus. Priority 1: to connect and protect high-value 

ecological areas is central to this vision, emphasizing habitat conservation, ecological 

connectivity, and strategic landscape planning. 

This priority has two key limitations. First, foundational terms lack clear, operational 

definitions. Concepts such as “high-value ecological area” are described qualitatively but are 

not measurable. This limits their usefulness in guiding planning decisions. Second, the 

framework lacks adequate indicators to evaluate progress. Existing metrics, such as hectares 

of total restoration area, do not capture key aspects of ecological function, including habitat 

quality or species movement across the landscape. 

In response, this project aims to: 1) develop clear, measurable definitions for key 

ecological concepts, 2) create robust, literature-informed indicators, and 3) apply these 

indicators through spatial analysis to produce decision-support tools. 

Methods 

 

This project followed a multi-stage workflow beginning with a literature review and 

framework assessment, followed by indicator development, spatial analysis, and 

proof-of-concept mapping. 

 

The Biodiversity Framework has four different strategies for the protection and 

connection of high-value ecological areas. Our proof of concepts aim to create indicators for 

two of these strategies: “Protect higher value ecological areas across campus” and “Connect 

high value ecological areas through corridors and greenways. 
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Definitions 

Definitions were sourced and adapted from key terms identified in the literature review 

(Appendix 1). Specific focus was placed on the terms “biodiversity”, “high value ecological 

area” and “disturbance”, as these concepts are imperative when creating measurable 

indicators to assess ecological function and track the progress of current and future actions. 

Definitions were adapted from established sources, including the Food and 

Agriculture Organization, Ontario's Biodiversity Strategy, and the California Native Plant 

Society. Where necessary, terms were modified to improve specificity and applicability 

within the UBC campus context. 

For example, “disturbance” in this framework is defined as “the degree to which a 

landscape patch is ecologically constrained, reflected by impervious cover, tree canopy, land 

surface temperature, patch size, and invasive species presence (where data are available).” 

This expands upon a definition used in the Ecological Baseline report by Diamond Head 

(2023), which primarily associated disturbance with invasive species presence. The selected 

definition enables us to quantify composite indicators into the Disturbance Pressure Index. 

 

Disturbance Pressure Index (DPI) 

The application of composite indicators was chosen to account for multiple driving 

forces of disturbance. This method allows for standardization and weighting of several 

factors measured in different units to create one meaningful indicator (Greco et al., 2019; 

Talukder et al., 2017). 

The DPI was developed to classify the soft landscapes within the UBC Vancouver 

Campus. Four indicators were chosen to measure disturbance pressure: patch size, 

impervious surface cover, tree canopy coverage and LST. Other indicators were ultimately 

discarded due to data limitations within the university. After running tests, the minimum 

patch size required for classification was set to 200 m², as it effectively discarded 

ecologically insignificant patches while preserving those considered significant. Impervious 

surface coverage is a direct proxy measure for habitat destruction. Tree canopy coverage 

represents vegetative structure and habitat quality. LST measures are a thermal indicator of 

urban heat island phenomena. 

Indicators were standardized and combined using a weighted linear combination 

approach, wherein weights were determined by group consensus: impervious surface area 

(45%), canopy cover (40%), patch size (10%), and land surface temperature (5%). Scores 

were classified into five classes from very low to very high disturbance. DPI represents the 

disturbance pressure and not the ecological importance of sites (Greco et al., 2019; Talukder 

et al., 2017). 

Ecological Area Classification 

Building on the DPI, ecological value was assessed through an indicator scoring 

system that integrates three components: DPI classification, species richness recorded 

through community iNaturalist observations, and land type. As shown in Appendix 5, each 

indicator was assigned a score of 0, 1, or 2 based on defined thresholds, yielding a composite 
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total score ranging from 0 to 6, which was subsequently classified into five ecological value 

categories from Very Low to Very High. 

 

Coyote Dispersal Map 

The coyote (Canis latrans) is arguably one of the most well-known urban-adapted 

species. We decided to examine previous methods to determine coyote connectivity on 

campus. 

Our connectivity map in ArcGIS Pro used iNaturalist data to determine where coyotes 

were most often spotted on the UBC campus, then used water sources as destinations for 

coyotes due to their importance (Rankin, 2025). We then created a resistance surface to show 

how easy or difficult it is for coyotes to move through different land types. Each land cover 

type was given a value based on how it affects movement. Using this resistance surface, we 

ran a cost-distance analysis to calculate how difficult it is for coyotes to move across the 

campus. We then used the optimal path tool to generate the least-cost routes between hotspots 

and water features. These routes represent the most likely paths coyotes would take based on 

the landscape. 

The results show that coyotes can move through a wide range of environments on 

campus, often using areas that overlap with human activity. This result shows the importance 

of considering both ecological connectivity and human–wildlife interactions when planning 

and managing landscapes at UBC (Rankin, 2025). 

 

Douglas’s Squirrel Dispersal Map 

Previous work studying wildlife connectivity at UBC tends to assume that species 

have a certain distance they can cross in a given time period, and therefore any space that is 

unobstructed within that distance is connected for said species (Rankin, 2025; Goh, 2024). To 

highlight how animal behaviour and capabilities do not always align, we selected the native 

Douglas Squirrel, Tamiasciurus douglasii. The Douglas squirrel inhabits deciduous and 

coniferous forests, and while it is capable of traversing open spaces, yards, and other site 

types, it will usually stay within a 10,000 m² area, as they are extremely territorial (Pfau, 

2004). 

We developed a map in ArcGIS Pro, with squirrel habitat, territory distance and 

traversal barriers used as indicators. Forests were classified as habitat using polygons 

provided by DiamondHead (2023) and the 2020 Metro Vancouver Land Cover classification. 

A 60 m Euclidean distance radius was created around these habitats, using buildings and 

water features as barriers. The resulting map showed the distance we would expect to see 

Douglas squirrels from their potential territory. Of 21 Douglas squirrel iNaturalist 

research-grade observations on campus, 17 were within the predicted boundaries. 

 

Little Brown Bat Travel Map 

To assess ecological connectivity, a species-specific movement model was developed 

for the little brown bat (Myotis lucifugus). This species was selected due to its reliance on 

aquatic foraging habitats and its tendency to travel along vegetated corridors (A-Z Animals, 

2024; Slough et al., 2023), making it a strong indicator of functional connectivity. 
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The model is based on the principle that bat movement through urban landscapes is 

shaped by habitat preference and predator avoidance. This map was created using ArcGIS 

Pro, in which soft landscape polygons provided by DiamondHead (including “wild”, “lawn” 

and others) were rasterized and reclassified with specific values designated as “costs” based 

on expected bat behaviour (Appendix 9). For example, wild areas were reclassified as 1 - 

very little cost, whereas lawns were 9, indicating a very high cost of crossing. Little Brown 

Bats prefer to stick to tree lines so as not to be attacked by predators (A-Z Animals, 2024). 

Distance costs were then calculated from bat roosts to water features around campus. Finally, 

the Optimal Path to Line tool was used to get exact travel routes of bats from their roosts to 

water features that are the least “costly” to them, similar to the coyote map. This approach 

integrates key indicators, including tree canopy connectivity, landscape permeability, and 

proximity to water. While many routes have been confirmed by local bat expert Brandon 

Weigand, some routes remain unvalidated. 

Results 

 

Disturbance Pressure Index 

The spatial distribution of ecological disturbance across the UBC Vancouver campus 

is presented in Appendix 3. The DPI map reveals a clear spatial gradient in disturbance 

intensity, with higher disturbance levels concentrated in the central academic core and 

northern areas of campus, and lower disturbance levels predominating in the southern and 

peripheral regions. Very High and High Disturbance patches are associated with areas of 

dense built infrastructure, extensive impervious surface cover, and reduced tree canopy, while 

Very Low and Low Disturbance patches correspond to the forested and naturalized edges of 

campus. This spatial pattern suggests that areas of greatest built intensity exhibit the most 

compromised ecological conditions. The DPI thus provides a spatially explicit and 

quantifiable baseline for identifying where disturbance pressure is most acute and where 

management or restoration intervention may be most warranted. 

 

Ecological value mapping 

The resulting ecological value map is presented in Appendix 5. High and Very High 

ecological value patches are predominantly concentrated in the southern and peripheral 

portions of campus, particularly within naturalized and forested areas characterized by low 

disturbance, greater species richness, and wilder land types. In contrast, central and northern 

areas exhibit a greater proportion of Low and Very Low value patches, reflecting the 

compounding effects of high impervious surface cover, reduced vegetation, lower species 

diversity, and more intensively managed land types. This spatial distribution closely mirrors 

the pattern observed in the DPI and reinforces the relationship between urban density and 

diminished ecological function. Together, these outputs delineate priority areas for ecological 

protection and restoration across the UBC campus. 

 

Connectivity models 

Species-specific connectivity models reveal how movement across campus varies 

based on ecological behaviour and habitat requirements. The Douglas squirrel demonstrates 
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highly localized movement, indicating limited reliance on large-scale connectivity, but a 

strong dependence on the availability of high-quality habitat patches (Appendix 7). In 

contrast, the Little Brown Bats rely on tree-lined corridors, with movement concentrated 

along connected canopy pathways leading to water features, as shown in Appendix 8. This 

highlights the importance of maintaining continuous green corridors. Finally, preliminary 

modelling of coyote movement suggests greater landscape flexibility, with travel occurring 

along pathways also used by humans, particularly during low-activity periods (Appendix 6). 

 

Discussion 

For the protection of the high-value ecological areas, our proof of concept is an 

expansion of the terminology and classification originally developed by Diamond Head 

(2023). This analytical tool is intended to determine disturbance and complement other 

indicators to create a measure of ecological quality based on quantitative values. Both of 

these indices suggest that the priority sites of conservation should be in the south and 

periphery of the campus, whereas the areas in the center and north parts of the campus are 

less ecologically significant (Appendix 2,3,4,5). Further data collection could include new 

indicators such as invasive species cover, soil health, or even human amenities. 

The connectivity analyses use methods applied by ecological researchers before 

(Rankin, 2025; Goh, 2024). However, instead of overlapping species to create a universal 

“connectivity map”, we found that each must be looked at individually to highlight the 

significance of varied habitats. For example, Douglas squirrels depend on localized 

high-quality patches, Little Brown Bats need tree-lined passages, and coyotes use pedestrian 

corridors. 

Our project has a few limitations. First, values assigned to the ecological importance 

of species using DPI are explorative and adapted from scientific literature based on team 

discussion rather than statistics. Future research would ideally expand the set of indicators 

and update them on a consistent basis. Additionally, the connectivity maps and species 

diversity analysis are theoretical and require validation beyond iNaturalist data. 

 

Conclusion 

In this project, a suite of quantifiable and geographically defined indicators was 

designed to improve progress tracking of Priority 1 of UBC's biodiversity framework. This 

project translates general principles into actionable items by contributing to clear definitions 

and measurable indicators 

The DPI offers an easily replicable, GIS-based way to assess ecological disturbances 

in soft landscape patches. The ecological value index considers disturbance pressure, richness 

of species, and land type when evaluating habitat suitability. Meanwhile, the connectivity 

analysis shows that landscape connectivity is not a generalized phenomenon, but a 

species-specific one. 

Overall, the project clearly shows that the effectiveness of UBC’s Biodiversity 

Framework could be significantly enhanced by adding measurable indicators. The methods 

developed here constitute the basis for an easily scalable transition from ecological aims to 

decision-making processes on spatial plans. 
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Appendix 

 

Appendix 1 - Proposed Definitions 

 
● “Urban Biodiversity” → the variety, richness, and evenness of living things, including 

genetic, species, and ecosystem diversity, found in and around UBC’s Vancouver Campus 

● “High-Value Ecological Area” → patches of green space that show strong ecological 

function, reflected by low disturbance pressure, high species richness, and ecologically 

supportive land type conditions, based on the combined assessment of DPI, species richness, 

and land type. 

● “Disturbance” → Disturbance is the degree to which a landscape patch is ecologically 

constrained, reflected by impervious cover, tree canopy, land surface temperature, patch size, 

and invasive species presence, where data are available. 

● “Green fingers” → a connection of greenways, green corridors, or otherwise vegetative 

connections linking larger green areas together 

● “Native species” → “A species occurring within its natural range (past or present) and 

dispersal potential (i.e. within the range it occupies naturally or could occupy without direct 

or indirect introduction or care by humans” (FAO FRA, 2020) 

● “Forest” → Land spanning more than 0.5 ha with trees higher than 5 meters, and a natural 

plant community dominated by trees with >40% canopy cover, with permeable land surface 

cover. 

● “ Canopy Cover” → “The percentage of the ground covered by a vertical projection of the 

outermost perimeter of the natural spread of the foliage of plants.” … “Applications often 

include spaces between plant crowns, in part because they are difficult to view or estimate 

from above.” (California Nature Plant Society, n.d. ) 

● “Eco-parks” → connected landscapes with high nature conservation and environmental 

protection ambitions that use ecological landscape features to reduce watering and other 

maintenance while enhancing wildlife and human values. (Manitoulin Eco Park, 2025) 

Appendix 2 - Ecological Classification Table 

 
●  Ecological Classification Table.xlsx 

https://docs.google.com/spreadsheets/d/1V--8Hf5P5aqitk-C_TyHtfQs38Gylier/edit?usp=sharing&ouid=106107912014815196057&rtpof=true&sd=true
https://docs.google.com/spreadsheets/d/1V--8Hf5P5aqitk-C_TyHtfQs38Gylier/edit?usp=sharing&ouid=106107912014815196057&rtpof=true&sd=true
https://docs.google.com/spreadsheets/d/1V--8Hf5P5aqitk-C_TyHtfQs38Gylier/edit?usp=sharing&ouid=106107912014815196057&rtpof=true&sd=true
https://docs.google.com/spreadsheets/d/1V--8Hf5P5aqitk-C_TyHtfQs38Gylier/edit?usp=sharing&ouid=106107912014815196057&rtpof=true&sd=true
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Appendix 3 - DPI Map 

 

(Spatial distribution of the DPI across soft landscape patches (> 200 m²) on the UBC Vancouver campus, 

classified into five disturbance categories.) 

 

 

Appendix 4 - DPI Weight 
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Appendix 5 - Ecological value map & Ecological value classification 

 

(Ecological value classification of soft landscape patches across the UBC Vancouver campus, derived from a 

composite scoring system integrating DPI, plant species richness, and land type. ) 

 

(Indicator scoring thresholds and final ecological value classification used to assess patch-level ecological 

value across the UBC Vancouver campus. ) 
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Appendix 6 - Coyote connectivity map 

 

 
(This map shows coyote connectivity and least-cost paths at UBC. Showing movement routes from observation 

hotspots to water features based on a resistance surface, where red indicates high resistance and green indicates 

low resistance.) 

 

Appendix 7 - Douglas squirrel connectivity map 

 

(This map shows the expected movement of Douglas’s squirrels on the UBC campus based on the distance from 

suitable habitat. The map also shows iNaturalist observations of Douglas’s squirrels throughout the UBC 

boundary) 
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Appendix 8 - Little brown bat connectivity map 

A map of UBC Vancouver depicting Little Brown Bat travel networks from roosts (Mauve/Taupe colour) present 

on UBC Farm and the old Auditorium to water features (blue) using travel paths (purple). 

 

 

Appendix 9 - Little brown bat reclassification land use costs 

 

The reclassification of land use types (left) into numerical costs (right) relating to bats crossing over the land 

type. 


