
MODULE 3

Emerging Tools and Technologies Used in 
Terrestrial Biodiversity Assessments for 

Transportation Development Projects
The Modern Road Ecologist’s Toolbox

MAPPING WILDLIFE 
CONNECTIVITY 
ALONG LINEAR 
INFRASTRUCTURE 
PROJECTS



A. THE IMPORTANCE OF MAPPING 
WILDLIFE HABITAT SUITABILITY 
AND MOVEMENT CORRIDORS

B. PRINCIPLES AND CONCEPTS OF 
MAXENT AND CIRCUITSCAPE

C. PREPARING DATA AND GIS 
INFORMATION

D. MODELLING HABITAT 
SUITABILITY AND POTENTIAL 
MOVEMENT CORRIDORS

Module 3: 
Mapping Wildlife Connectivity 
Along Linear Infrastructure Projects



Since… protected areas cannot fully conserve biodiversity 

https://www.protectedplanet.net



Since… there are plans of expansion of linear transportation infrastructures

BELT and 
ROAD 
Initiative

Ascensão et al 2018. Environmental challenges 
for the Belt and Road Initiative. Nature



It is crucial to… map species habitat suitability

Bai et al.2018. Assessment of habitat 
suitability of the snow leopard (Panthera 
uncia) in Qomolangma National Nature 
Reserve based on MaxEnt modeling. 
Zoological Research.

Distribution of 
suitable snow 
leopard habitat in 
different functional 
zones in QNNR



Hameed et al. 2020. Identifying 
priority landscapes for 
conservation of snow leopards 
in Pakistan. PLoS One. 

It is crucial to…map species movement corridors



Species occurrence
Spatial information

Habitat suitability

INPUT



OUTPUT



Potential movement corridors

https://circuitscape.org/



https://circuitscape.org/

Focal nodes

Potential corridor

LEGEND



Mitigation

https://circuitscape.org/

Focal nodes

Potential corridor

LEGEND



https://circuitscape.org/



NHP: Narayanghat – Hetauda –
Pathlaiya (NHP) - 108 km

STUDY AREA



NHP: Narayanghat – Hetauda –
Pathlaiya (NHP) - 108 km

STUDY AREA



Bird watchingUnderpasses useRoadkill survey

Sign survey Camera trapping

SPECIES DATA

NHP: Narayanghat – Hetauda –
Pathlaiya (NHP) - 108 km



Image 
classification

Potential 
movement 

corridor

NTNC data (National Tiger survey)
Chitwan NP camera trapping

Validation

Underpass
monitoring

Sign surveys

Bird surveys

Roadkill 
surveys



TIMELAPSE - http://saul.cpsc.ucalgary.ca/timelapse/

Image classification



Image classification



Image classification



@ Benjamin Dorsey  - how to organize the timelapse table for image classification



Image classification
Final data table

✓ Delete humans and domestic 
species;

✓ Add the latitude and longitude
✓ Add the Class, Order, Family 

and scientific name 



Altitude Hydrology Land use

Buildings
Human 

population
Roads

GIS layers



ALTITUDE

YEAR: 2011 

RESOLUTION: 12.5m 

SOURCE: 
https://search.asf.alaska.edu/#/

FORMAT: raster



Median 
altitude (m)

Arc Toolbox – Data Management 

RESAMPLE to 100m (median altitude)

Raster to ASCII (.asc)

Arc Toolbox – Conversion

Median altitude



HYDROLOGY

YEAR: 2002 

SCALE: 1: 25 000 

SOURCE: 
Department of Survey

FORMAT: polygon/polylines



Distance to main rivers (m)

ESTIMATE Euclidean distance

Arc Toolbox – Spatial analyst

Raster to ASCII (.asc)

Arc Toolbox – Conversion



LAND USE (dry season)

YEAR: 2020 

RESOLUTION: 10m 

SOURCE: 
Sentinel-2A satellite -

https://earthexplorer.usg

s.gov/

FORMAT: image 



Raster to ASCII (.asc)

Arc Toolbox – Conversion

Arc Toolbox – Data Management 

RESAMPLE to 100m

LAND USE (dry season)



BUILDINGS

YEAR: 2021

SOURCE: 
OpenStreetMap

FORMAT: polygon 



Density of buildings

Estimate the centroids of buildings

Arc Toolbox – Spatial analyst

Arc Toolbox – Spatial Analyst

Data Management – Features to points

Density – Point density

Raster to ASCII (.asc)

Arc Toolbox – Conversion



HUMAN POPULATION

YEAR: 2020

RESOLUTION: 100m 

SOURCE: 
https://www.worldpop.org/geodata/

summary?id=27800

FORMAT: tiff 



Number of people/100x100m

Raster to ASCII (.asc)

Arc Toolbox – Conversion



ROAD NETWORK

SCALE: 1:25 000m 

SOURCE: 
Department of Survey 

(Nepal)

FORMAT: vectorial (polylines) 

Year: 2002



Distance to highways (m)

Estimate Euclidean distance

Arc Toolbox – Spatial analyst

Raster to ASCII (.asc)

Arc Toolbox – Conversion



Habitat suitability



3 folders

Samples – SP.csv Variables 

Test data - 15%

Training data - 85%



Output 
MODEL PERFORMANCE - AUC

AUC > 0.8 GOOD MODEL

Habitat suitability



Output 

ANALYSIS OF VARIABLE CONTRIBUTIONS

Habitat suitability



Output 

RESPONSE CURVES

Habitat suitability



OUTPUT MAP OF 

HABITAT 

SUITABILITY

Habitat suitability



https://circuitscape.org/

Habitat connectivity



INPUTS

https://circuitscape.org/

FOCAL NODES HABITAT SUITABILITY= CONDUCTANCE SURFACE 

Habitat connectivity



INPUTS

https://circuitscape.org/

FOCAL NODES HABITAT SUITABILITY= CONDUCTANCE SURFACE 

Arc Toolbox – Convert from points to RASTER

– Convert from RASTER to ASCII (.asc)



RUN



OUTPUT

Further information at:
https://docs.circuitscape.org/Circuitscape.jl/latest/options/



@Benjamin Dorsey - how to add the final map of connectivity to the dashboard


