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Abstract: Wildlife biologists are relying on an ever-increasing suite of tools to answer questions and solve problems related to wildlife ecology, 
management, and conservation. The use of unoccupied aerial vehicles, UAVs or drones, has exploded in popularity in ecological studies in general, and 
in wildlife biology in particular. Drones have many advantages over traditional research techniques. They eliminate safety risks associated with fixed-
wing and helicopter surveys, reduce cost and disturbance, increase accuracy, and allow the collection of high-resolution data over large or otherwise 
inaccessible areas. Some of the major areas of application of drones that have emerged in wildlife ecology include, but are not limited to: (1) population 
surveys, including breeding colonies and non-breeding aggregations and the use of different types of sensors (e.g.); (2) nest monitoring; (3) radio-
tracking surveys; (4) acoustic surveys; (5) wildlife habitat research and monitoring; (6) the use of different drone sensors (e.g., visible, thermal IR, 
multi- and hyperspectral); and (7) wildlife dispersal, either for nuisance or invasive species or to deter from hazards. This symposium provides highlights 
of the use of drones in wildlife and spatial ecology and a forum for discussion among both experts and potential users of drones that may result in future 
research collaborations between wildlife biologists in academic, government, and private sectors. 

LIST OF PRESENTATIONS 

PART 1 

Introduction to the Drone Working Group and Spatial Ecology & Telemetry Working Group – Spaulding & Jenness 

Developing a Drone Program for Wildlife and Habitat in an Academic Setting – Perotto-Baldivieso et al. 

Overview of the University of Florida Uncrewed Aircraft Systems Research Program (UFUASRP): Two Decades of Drones for Natural 

Resource Applications – Carthy et al. 

Drones and Computer Vision as a Potential Method for Bird Carcass and Bird Nest Detection at Solar Energy Facilities – Gerringer 
et al. 

Using Drones & AI for Wildlife Surveys: Detecting Avian Carcasses & Desert Tortoises – M. Bandy 

UAS as Wildlife Hazing Tools: Considerations for Reducing Negative Human-Wildlife Interactions – Pfeiffer & Blackwell 

Using Drones to Detect and Quantify Wild Pig Damage and Yield Loss in Corn Fields Throughout Multiple Growth Stages – 
Friesenhahn* et al. 
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PART 2 

Spraying Drones: Efficacy of Applying an Avian Repellent to Elicit Blackbird Flock Dispersion in Commercial Sunflower Fields – 
Duttenhefner* et al. 

Benefits and Limitations of Using an Uncrewed Aerial Vehicle to Survey Large Mammals in Forest Fragments – Magee* et al. 

Evaluation of UAS Surveys for Ungulates in South Texas Rangelands – Foley et al. 

White-tailed Deer Surveys with Thermal Drones and Distance Sampling – Massey* et al. 

Controllable Factors Affecting Accuracy of Human Identification of Birds in Images Obtained during UAS Surveys – Jones et al. 

AI for Detection and Classification of Wildlife from sUAS Imagery – Boopalan et al. 

A Systematic Map of Utilizing Small Unoccupied/Uncrewed Aircraft Systems (UAS) to Monitor Wildlife – Elmore et al. 

Measuring Bat Occupancy and Abundance Using Drone-based Line Transect Surveys – Bishop-Boros et al. 

PART 3 

Guidelines to Sampling Aerial Canopy Arthropods with UAVs – Madden et al. 

Small Uncrewed Aircraft Systems and Artificial Intelligence: A New Approach for Monitoring Waterfowl Response to Wetland 

Restoration – Loken* & Ringelman 

Drones, Structure from Motion, and the Digital Twin: Lessons Learned Trying to Model Spring Habitats – Jenness et al. 

Using 3D Photogrammetry to Measure Vegetation Recovery and Gopher Tortoise (Gopherus polyphemus) Response to Re-

Introduction on Reclaimed Mine Lands – Hancock* et al. 

Hornets, Bats & Bears: Real-time Drone Radio-telemetry for Wildlife and Invasive Species Managers – D. Saunders 

Re-Inventing VHF Tracking: How to Avoid the Pitfalls of Aerial Wildlife Monitoring – C. Muller* 

Use of Drones to Advance and Scale Invasive Species Eradications on Islands – Sullivan et al. 

*Student presentation. 
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(Note: presenters in bold) 
 

Guidelines to Sampling Aerial Canopy Arthropods with UAVs 

Jamie C. Madden1, Émile Brisson-Curadeau1, Jessica P. Gillung2, David M. Bird1, and Kyle H. Elliott1 
1Department of Natural Resource Sciences, McGill University, Montreal, Quebec, Canada; jamie.madden@mail.mcgill.ca  
2Lyman Entomological Museum, Department of Natural Resource Sciences, McGill University 

The growing field of aeroecology is limited by difficulties associated with sampling in the air column. Aerial insects are particularly hard to sample, 
despite being the main prey in the air column, with some recent studies attempting to use drones as a collection method. We conducted a study to 
determine the optimal drone settings for collecting insects above the canopy, where drones are seldom used. By attaching a net to the body of a small, 
commercial drone, we tested yield from different height, speed, and net settings in wetlands, as well as compared insect diversity across different habitat 
canopies. Height was the most important setting; grazing the canopy yielded significantly more insects than flying one meter above it. Speed, drone 
type, and net size did not influence the number of insects caught per trial. Wetland canopies had higher abundance, diversity, and species richness in its 
arthropod populations compared to forest canopies or lakes. Compared to the yield of Lindgren funnels – a traditional sampling method in entomology 
– drones captured higher diversity and abundance of insects in a fraction of the time. This study confirms that drones are an efficient and accurate way 
to collect canopy arthropods. 
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Small Uncrewed Aircraft Systems and Artificial Intelligence: A New Approach for Monitoring Waterfowl Response to Wetland Restoration 

Zack Loken* and Kevin Ringelman*  
*Ringelman Lab, School of Renewable Natural Resources, Louisiana State University, zloken1@lsu.edu  

Understanding how waterfowl respond to habitat restoration and management activities is crucial for evaluating and refining conservation delivery 
programs. However, site-specific waterfowl monitoring is difficult, especially in heavily forested systems such as the Mississippi Alluvial Valley 
(MAV) - a primary wintering region for ducks in North America. To address this need, we developed and implemented a monitoring protocol using a 
small uncrewed aircraft system (sUAS) equipped with high-resolution thermal and optical cameras to survey wintering waterfowl on wetland restoration 
easements in the MAV. To enumerate waterfowl by species and assess general behaviors (i.e., foraging, loafing), we developed and trained deep residual 
neural network (ResNet) models in a PyTorch machine learning framework using the images and videos acquired by sUAS. We compared the mean 
average precision of each ResNet model at two different complexity levels (34 and 50 identity mapping layers) to assess model performance. Although 
there was minimal difference in performance between models at counting waterfowl, ResNet-50 outperformed ResNet-34 at identifying species present 
and assessing general habitat use behaviors. These results suggest that the ResNet-50 model may be a practical algorithm for performing both tasks. By 
investigating the efficacy of sUAS and artificial intelligence technologies at quantifying waterfowl site use, this study facilitates the development of 
monitoring protocols necessary for comparing relative waterfowl use on lands enrolled in conservation programs. As such, these results provide 
managers with the most efficient and cost-effective means to count waterfowl on project sites, thereby improving their capacity to evaluate waterfowl 
response to restoration efforts.  
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Drones, Structure from Motion and the Digital Twin: Lessons Learned Trying to Model Spring Habitats 

Jeff Jenness1, Larry Stevens1, Andrea Hazelton1, Jeff Ledbetter1, and Erin Kaczmarowski2 
1Springs Stewardship Institute, Flagstaff, AZ; jeff@springstewardship.org  
2Museum of Northern Arizona, Flagstaff, AZ 
Spring ecosystems are among the most biologically diverse and ecologically vital ecosystems on the landscape, and even more so in dry habitats such 
as the Southwestern US. Comprehensive surveys of these spring habitats give us a unique perspective into larger ecosystem dynamics. Unfortunately, 
some aspects of springs can be difficult to measure and describe. It is easy enough to record elevation, slope and aspect at a location, for example, but 
it is considerably more difficult to precisely describe the complex topographic shape of the surrounding area. We can map the outflow path, but it is 
harder to describe the shape of the land that produces that path. Furthermore, some springs can be difficult or dangerous to reach, such as hanging 
gardens high on a cliff. Here we describe lessons learned from some attempts to use relatively inexpensive drone imagery, along with the free open-
source software package OpenDroneMap, to describe habitat characteristics of hard-to-reach spring locations and to apply structure-from-motion tools 
to generate 3D maps of local topography from drone-based images. 
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Using 3D Photogrammetry to Measure Vegetation Recovery and Gopher Tortoise (Gopherus polyphemus) Response to Introduction on 

Reclaimed Mine Lands 

Bridgette D. Hancock1, Joshua C. Billings1, Kimberly M. Andrews1, Oscar P. Thompson1, Herbert E. Leavitt2, and James Renner3 
1Marine Extension and Georgia Sea Grant-Coastal Ecology Lab, University of Georgia; bridgette.hancock@uga.edu 
2University of Louisiana at Lafayette 
3The Chemours Company FC, LLC 

As part of an ongoing study on the success of gopher tortoise (Gopherus polyphemus) introduction onto reclaimed mineral sand lands, we monitored 
vegetation recovery and post-release tortoise behaviors in southeastern Georgia. To assess habitat quality, we used drones and 3D photogrammetry to 
measure vegetation density and growth progression. Additionally, we sampled quadrats around both occupied and unoccupied tortoise burrows, as well 
as plots not containing any burrow, to determine vegetation composition. Drone images were taken of a subset of these vegetation plots in addition to 
an overview flight of the entire site. To monitor tortoise movements in relation to vegetation patterns, each tortoise within this study was equipped with 
a VHF transmitter and GPS logger. Herbaceous cover was reduced in areas with thinner topsoil and vegetation composition varied with elevation. 
Tortoise burrows were distributed unevenly with reduced occupancy in areas of either sparse or extremely dense vegetation. Despite less herbaceous 
forage, tortoises generally clustered in areas of higher elevation, continuously switching occupancy among the same subset of those burrows and avoided 
wetter locations that were lower quality for burrow construction. Following their release onto reclaimed mine lands, burrow distribution was clustered 
in a smaller area and multiple occupancy was more common, a pattern that continued through the first winter. These results are key to determining 
whether reclaimed mine lands can support tortoise populations and reduce the need for long-distance animal translocations. Successful habitat 
reclamation also could aid in restoring populations of the many commensal species associated with tortoise burrows. 
 

 

  



2022 TWS Drone Symposium, Spokane, WA 10 November 2022 

Page 421 of 531 

 

 

 

  



2022 TWS Drone Symposium, Spokane, WA 10 November 2022 

Page 422 of 531 

 

 

 

  



2022 TWS Drone Symposium, Spokane, WA 10 November 2022 

Page 423 of 531 

 

 

 

  



2022 TWS Drone Symposium, Spokane, WA 10 November 2022 

Page 424 of 531 

 

 

 

  



2022 TWS Drone Symposium, Spokane, WA 10 November 2022 

Page 425 of 531 

 

 

 

  



2022 TWS Drone Symposium, Spokane, WA 10 November 2022 

Page 426 of 531 

 

 

 

  



2022 TWS Drone Symposium, Spokane, WA 10 November 2022 

Page 427 of 531 

 

 

 

  



2022 TWS Drone Symposium, Spokane, WA 10 November 2022 

Page 428 of 531 

 

 

 

  



2022 TWS Drone Symposium, Spokane, WA 10 November 2022 

Page 429 of 531 

 

 

 

  



2022 TWS Drone Symposium, Spokane, WA 10 November 2022 

Page 430 of 531 

 

 

 

  



2022 TWS Drone Symposium, Spokane, WA 10 November 2022 

Page 431 of 531 

 

 

 

  



2022 TWS Drone Symposium, Spokane, WA 10 November 2022 

Page 432 of 531 

 

 

 

  



2022 TWS Drone Symposium, Spokane, WA 10 November 2022 

Page 433 of 531 

 

 

 

  



2022 TWS Drone Symposium, Spokane, WA 10 November 2022 

Page 434 of 531 

 

 

 

  



2022 TWS Drone Symposium, Spokane, WA 10 November 2022 

Page 435 of 531 

 

 

 

  



2022 TWS Drone Symposium, Spokane, WA 10 November 2022 

Page 436 of 531 

 

 

 

  



2022 TWS Drone Symposium, Spokane, WA 10 November 2022 

Page 437 of 531 

 

 

 

  



2022 TWS Drone Symposium, Spokane, WA 10 November 2022 

Page 438 of 531 

 

 

 

  



2022 TWS Drone Symposium, Spokane, WA 10 November 2022 

Page 439 of 531 

 

 

 

  



2022 TWS Drone Symposium, Spokane, WA 10 November 2022 

Page 440 of 531 

 

 

 

  



2022 TWS Drone Symposium, Spokane, WA 10 November 2022 

Page 441 of 531 

 

 

 

  



2022 TWS Drone Symposium, Spokane, WA 10 November 2022 

Page 442 of 531 

 

 

 

  



2022 TWS Drone Symposium, Spokane, WA 10 November 2022 

Page 443 of 531 

 

 

 

  



2022 TWS Drone Symposium, Spokane, WA 10 November 2022 

Page 444 of 531 

Hornets, Bats & Bears: Real-time Drone Radio-telemetry for Wildlife and Invasive Species Managers 

Deb Saunders, Wildlife Drones, Canberra, Australia; debbie@wildlifedrones.net  

Radio-telemetry is often the only way to shed light on movements of small animals and to gain critical insights for improving the effectiveness of 
management techniques. This includes threatened wildlife such as Indiana bats that are increasingly at risk from White Nose Syndrome, as well as 
invasive species such as giant Asian hornets that pose a threat to bee populations and other wildlife. However, the ability of these animals to move very 
fast across landscapes that are not as easily accessible on the ground, combined with the weak signals from their tiny radio tags, poses significant 
challenges for wildlife biologists tracking their movements. We provide examples of how innovative drone radio-telemetry technology has been used 
in both the United States and Australia to track such tiny species, overcoming many of the challenges faced when radio-tracking animals by hand from 
on the ground. We also explore future applications of this technology for tracking large game and wildlife, such as bears, mountain lions and wolves, 
for safely detecting and preventing conflicts between wildlife, people and livestock. 
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Re-Inventing VHF Tracking – How to Avoid the Pitfalls of Aerial Wildlife Monitoring 

Chris Muller, Wildlife and Ecology Group, School of Agriculture and Environment, Massey University, New Zealand; cmuller@technologist.com  

Very high frequency (VHF)-radio tracking is widely-used for locating and monitoring wildlife, but the equipment has changed little since the 1980s. 
Multi-frequency receiver technology can revolutionize conservation research, especially when paired with new aerial-tracking technology. Tracking 
from the air offers many advantages over traditional ground-based survey and research techniques. As well as making fieldwork faster, safer, and more 
efficient, searches can follow an automated flight plan for repeatability. Unoccupied aerial vehicles (UAVs, or drones) are cheaper and more portable 
than aircraft, making them more accessible to biologists. However, there are a number of technical considerations to get best results from this emerging 
tool. Endangered yellow-eyed penguins (Megadyptes antipodes) breed on Enderby Island in the New Zealand subantarctic, nesting individually 
underneath thick coastal scrub up to 1 km (0.6 miles) from the sea. Nests must be monitored but are difficult and time-consuming to find by ground 
searching, and field conditions can be hazardous. For this research we developed a multi-frequency VHF receiver offering many advantages over 
traditional single-frequency receivers, especially for aerial tracking, including simultaneous monitoring of 500 frequencies (instead of sequential 
scanning). Unlike standard receivers, this system also stores position data for easy spatial analysis, and comparisons over time. Here we discuss the 
evolution of this technology and the successes and failures of various methods of using drones, including the performance of different sensors such as 
thermal imagery and multi-frequency VHF for applied conservation. In this case-study we present results comparing the efficiency of different tracking 
methods for locating cryptic penguin nests. 
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Use of Drones to Advance and Scale Invasive Species Eradications on Islands 

Timo Sullivan1, David Will1, Paula Castano1, Stefan Knapp2, Cameron Baker2, Debbie Saunders3, Tim Haynie4, Satish Samiappan5, and Daniel 
McCraine5 

1Island Conservation, timo.sullivan@islandconservation.org  
2Envico Technologies Ltd., Tauranga, New Zealand; https://www.envicotech.co.nz/  
3Wildlife Drones, Canberra, Australia; https://wildlifedrones.net/  
4Spectrabotics, LLC, Colorado Springs, CO; https://www.spectrabotics.com/  
5Mississippi State University, MS 

Non-native, damaging invasive species harm island and marine ecosystems and are the leading cause of extinctions on islands. Removing invasive 
species is a proven intervention action that halts extinctions and catalyzes the restoration of natural systems. Drone technology will significantly expand 
global capacities for these types of island restoration actions by overcoming the challenges associated with helicopter-based operations and ground-
based monitoring for animals at low densities. Further, the use of drones for island restoration projects will dramatically reduce project costs for these 
management actions, empowering both conservation partners and local island communities to implement more—and better—restoration actions. We 
will provide an update on the development and demonstration of technologies for island restoration catalyzed in partnership with technology companies. 
Specifically, heavy-lift drone technology for aerial broadcast applications with Envico Technologies, remote wildlife VHF tracking with Wildlife 
Drones, and hyperspectral-based animal detection with Spectrabotics. 
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