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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) 

 

Spraying Drones: Efficacy of Applying an Avian Repellent to Elicit Blackbird Flock Dispersion in Commercial Sunflower Fields 

Jessica Duttenhefner1, David Kramar2, Timothy Greives1, and Page Klug3 
1Department of Biological Sciences, North Dakota State University, Fargo, ND; jessica.duttenhefner@ndsu.edu  
2North Dakota State University Cooperative Extension, Fargo ND 
3USDA AOHIS, Wildlife Services, National Wildlife Research Center, North Dakota Field Station, Fargo, ND 

Multiple management strategies exist to combat bird damage to agriculture. We explored the effect of combining two existing tools, drones and an 

avian repellent, to assess the effectiveness of an integrated method to deter large flocks. We evaluated the ability of a spraying drone (DJI AGRAS MG-

1P) deploying Avian Control® (i.e., active ingredient: methyl anthranilate [MA]) or a water control to elicit flock reductions or field abandonment by 

blackbirds foraging in sunflower. In 2021, we conducted 32 spray trials (MA=15 and water=17) from September to October. In the MA trials, 8 resulted 

in full abandonment, 4 partial abandonment, and 3 no abandonment. In the water trials, 7 resulted in full abandonment, 7 partial abandonment, and 3 

no abandonment. We used a non-parametric, random forest modeling approach to determine the relative importance of treatment, landscape, 

environmental, and flock variables in predicting field abandonment. We found field abandonment was most influenced by wind speed, time of day, and 

field size (treatment = 10th most important variable) based on the mean decrease in accuracy and node purity when that variable is removed. When 

controlling for other variables, probability of abandonment was similar for MA and water. With full abandonment, 20% more flocks returned following 

MA (87%) than water trials (67%). When flock reduction occurred, average decline was 45±9% for MA and 52±9% for water. While the results are 

preliminary, they inform sunflower producers of the potential benefit of adding an avian repellent when using drones to haze blackbirds and reduce 

sunflower damage. 
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Benefits and Limitations of Using an Uncrewed Aerial Vehicle to Survey Large Mammals in Forest Fragments 

Jack Magee1, Samantha Courtney2, David Williams1, Dwayne Etter2, and Nicholas Dohn3 
1Department of Fisheries and Wildlife, Michigan State University, mageejac@msu.edu  
2 Wildlife Division, Michigan Department of Natural Resources 
3 Forest Research Division. Michigan Department of Natural Resources 

Animals that occupy wooded habitats are not easily detected from the ground using traditional sampling methods and in response many wildlife agencies 

are utilizing aerial survey techniques to estimate abundance. Collecting data from fixed wing aircraft with onboard observers has economical and 

logistical constraints that are not compatible with surveying at smaller scales. We will present on the benefits and challenges of using a small uncrewed 

aircraft vehicle (sUAV) to obtain high resolution imagery of white-tailed deer for winter aerial surveys in deciduous forest fragments. Compared to 

detection probabilities of other methods such as fixed-wing aircraft or camera trapping, surveys with sUAVs can improve the precision of abundance 

estimates. Using this approach can also provide auxiliary data such as group spacing and group size but there are unique data processing challenges 

with mapping in forested habitats. We found when sampling at low altitudes that the homogeneity of tree limbs along with the radial displacement of 

tall trees produced data that were difficult for mapping software to orthorectify. Sampling at a higher altitude reduces resolution and is limited by federal 

regulations, while reducing altitude is limited by the flight response of target animals and the ability to maintain a visual line of sight to the sUAV. We 

aim to design an optimal flight plan and survey protocols while addressing the challenges of existing mapping software to detect deer. We discuss 

potential impacts of these challenges for abundance estimation and efforts to quantify the dispersion of deer within and among groups. 
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Evaluation of UAS Surveys for Ungulates in South Texas Rangelands 

Aaron Foley1, Jesse Exum1, Randy DeYoung1, David Hewitt1, Jeremy Baumgardt1, Humberto Perotto-Baldivieso1, and Mike Page1, and Mickey 

Hellickson2 
1Caesar Kleberg Wildlife Research Institute, Texas A&M University-Kingsville; Aaron.Foley@tamuk.edu  
2Orion Wildlife Management Services 

Drones have emerged as another tool in the toolbox of wildlife research and management. One highly anticipated application of drones is to survey 

wildlife. Previous drone-based population estimates assume no visibility bias; thus, uncorrected counts are often reported. We used distance sampling 

techniques to evaluate detection probabilities (p) of large herbivores from a drone platform in South Texas, USA. We used quadcopters equipped with 

thermal video cameras to conduct repeated daytime surveys on 5 study sites with varying habitat characteristics during February–April 2020. Drones 

were programmed to fly fixed-width transects at 24 km/hr, 37 m above ground level, which generated a transect 57 m wide. Most sites had p < 1 

indicating that animals were missed. Sites comprised of flat terrain with interspersed brush mottes had p = 0.50–0.64; p appreciably declined at 20–25 

m from the transect. A site with arroyos had p = 1.0 but number of detections were very low indicating that the inability of drone to follow contours 

affected thermal contrasts. The last site had a negative-skewed distance distribution because the 80% herbaceous cover (vs 28–45% herbaceous cover 

in other sites) caused severe solar reflectance in the center of the footage. Overall, our results indicate that probability of detection was not uniform 

during daytime thermal surveys; therefore, uncorrected counts should be avoided. Further, the use of distance sampling may result in more accurate 

population estimates but should be evaluated for specific vegetation and terrain characteristics. 
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White-tailed Deer Surveys with Thermal Drones and Distance Sampling 

Lori Massey*, Aaron Foley*, Jeremy Baumgardt*, Randy DeYoung*, Zachary Pearson*, and Humberto Perotto-Baldivieso* 
*Caesar Kleberg Wildlife Research Institute, Texas A&M University-Kingsville; lori.massey@students.tamuk.edu 

Improvements in thermal infrared imaging and relaxation of Federal Aviation Administration (FAA) regulations provide new opportunities for drone-

based wildlife surveys. Advances in thermal technology include isotherm capabilities, which highlights a range of temperatures and produces higher-

contrast imagery. Additionally, previous surveys have been limited to daylight or twilight hours; recent changes in FAA drone regulations now allow 

for nighttime flights. Our goal was to evaluate nighttime surveys of white-tailed deer (Odocoileus virginianus) in South Texas using a drone equipped 

with a thermal camera programmed to search for specific temperature ranges. Our objectives were to 1) determine if nighttime surveys increased 

detection probabilities relative to daytime surveys, 2) whether isotherm technology improved number of detections relative to traditional thermal 

technology and 3) determine the effect of season on detection rates. We surveyed a 102-ha game-fenced property during February, April, and July 2022. 

Distance sampling analyses of the 3 surveys indicated that detection probability was <1, similar to daytime surveys. Using the isotherm setting did not 

significantly increase number of detections relative to traditional thermal technology.  However, the isotherm allowed us to identify deer in warmer 

ambient temperatures (24°C) than traditional thermal technology (~21°C). Further, contrast between the deer and the background was noticeably better 

with isotherm vs traditional thermal. In terms of seasonality, detection rates vary due to changes in swath width most likely due to fluctuations in canopy 

cover. Overall, our results indicate that deer are missed during both daytime and nighttime surveys; incorporating distance sampling methods can 

improve accuracy of estimated population sizes by correcting for visibility bias. Additionally, matching isotherm settings to ambient temperatures 

allowed us to survey during temperatures previously thought to be too warm for ideal contrast. 
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Controllable Factors Affecting Accuracy of Human Identification of Birds in Images Obtained during UAS Surveys 

Landon R. Jones1, Jared A. Elmore1, Santhana K. Boopalan2, Emma A. Schultz1, Kristine O. Evans1, Sathish Samiappan2, Bradley F. Blackwell3, 

Morgan B. Pfeiffer3, and Raymond B. Iglay1 
1Department of Wildlife, Fisheries, and Aquaculture, Mississippi State University, MS; landon.jones@msstate.edu  
2Geosystems Research Institute, Mississippi State University, MS 
3USDA, Wildlife Services, National Wildlife Research Center, Sandusky, OH 

Small uncrewed aircraft systems (sUAS or drones) are increasingly used to survey and monitor wildlife species among diverse environments. Despite 

the popularity and advantages of sUAS technology for surveying animal populations, few studies have examined how factors controllable by the 

remote pilot-in-command, such as altitude, camera angle, and time of day, can affect observer accuracy when identifying animals from sUAS images. 

To evaluate how these three factors influence accuracy of human identification, we conducted sUAS flights and captured visual images of decoys 

representing 8 avian species in known locations and configurations. Our survey efforts collected images among 4 altitudes (15, 30, 45, 60 m), 2 

camera angles (45°, 90°), and 3 times of day (morning, midday, afternoon). Ten experts in wildlife identification each evaluated a set of 264 sUAS 

images representing all treatment combinations and controls with zero decoys. Evaluations were scored on species and count accuracy. Accuracy 

estimates for each photo were analyzed using a generalized linear mixed model to determine differences in accuracy among altitudes, camera angles, 

and time of day. Increasing flight altitude resulted in decreased accuracy in animal counts overall. Accuracy was best at midday compared to morning 

and afternoon hours, when shadows were present or more pronounced. The angled camera (45°) enhanced accuracy compared to 90°, but only when 

animals were most difficult to identify and count, such as at higher flight altitudes or during the early morning and late afternoon. Our results provide 

recommendations for sUAS pilots to optimize the combination of flight altitude, camera angle, and time of day to improve monitoring of wildlife 

communities. 
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AI for Detection and Classification of Wildlife from UAS Imagery 

Santhana Krishnan1, Sathishkumar Samiappan2, Jared Elmore1, Landon Jones1, Morgan Pfeiffer3, Kristine Evans1, B. Blackwell3, and Raymond Iglay1 
1Mississippi State University; santhana@gri.msstate.edu  
2Geosystems Research Institute, Mississippi State University 
3USDA, Wildlife Services, National Wildlife Research Center, Sandusky, OH 

Automated detection and identification of wildlife in their natural habitats from a nadir aerial view captured from small uncrewed aircraft systems 

(sUAS) is an important, emerging research avenue. Typical computer vision models consider wildlife in terrestrial perspective with many 

distinguishable features (e.g., facial features, color patterns, etc.); camera trap images for instance have both static observer and background while sUAS 

imagery generally has neither. Complete manual classification and localization of sUAS imagery is both unsustainable and can be erroneous (bias, 

human errors). In this research, we demonstrate that deep learning is promising in a real-world sUAS wildlife imagery setting: animals obscured by 

shadows, occupying a small (<20 x 25 pixels) object area, and having few distinguishing features due to the aerial nadir view. We discuss deep learning 

neural network models used in the localization, augmentation and classification of wildlife in the scene, and briefly discuss secondary applications like 

counting and tracking animals extending from single image classification to multiple views of one object. Experimental classification and labelling 

results using real, decoy, and synthetic datasets from sUAS captured imagery are provided to validate the efficiency and robustness of the proposed 

approach. 
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A Systematic Map of Utilizing Small Unoccupied/Uncrewed Aircraft Systems (UAS) to Monitor Wildlife 

Jared A. Elmore1, Emma A. Schultz1, Landon R. Jones1, Kristine O. Evans1, Morgan B. Pfeiffer2, Sathishkumar Samiappan3, Bradley F. Blackwell2, 

and Raymond B. Iglay1 
1Mississippi State University; jae133@msstate.edu  
2USDA, Wildlife Services, National Wildlife Research Center, Sandusky, OH 
3Geosystems Research Institute, Mississippi State University 

Small uncrewed aircraft systems (sUAS) are replacing or supplementing occupied aircraft and ground-based surveys in animal monitoring. They have the potential to 

improve spatial and temporal resolutions, access, safety, efficiency, and logistics, while reducing costs, observer bias, and environmental impacts. Various sUAS 

models and sensors are available, and usefulness depends on survey goals and design features such as target species, geographic scope, and flight conditions or 

considerations. However, justification for selection of sUAS models and sensors are often unreported in published literature. Moreover, most existing sUAS reviews 

provide limited information regarding survey goals and design considerations, performance of sUAS model and sensor technology considerations among taxonomic 

groups, spatial distributions of sUAS applications, or reported technology pitfalls. We developed a systematic map to collect and consolidate evidence using a 

comprehensive and repeatable methodology, and describe the current state of knowledge pertaining to UAS animal monitoring. We used standardized search terms to 

identify 4,722 individual  peer-reviewed and grey literature articles, dissertations, and theses. Then, we used a tiered approach to exclude articles that did not monitor 

(i.e., identify, count, estimate) animals resulting in 591 articles reviewed at full text. For 216 included articles, we recorded and queried data pertaining to sUAS, 

sensors, animals, and methodology to produce tables, figures, and geographic maps. Our systematic map provides a useful synthesis of current sUAS applications for 

studying animals and identifies knowledge clusters, gaps, and trends that may influence future research directions and applications. 
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Measuring Bat Occupancy and Abundance Using Drone-based Line Transect Surveys 

Larisa Bishop-Boros*, Michael Gerringer*, Kimberly Bay*, Leigh Ann Starcevich*, and Ben Sharp* 
*Western EcoSystems Technology, Inc.; lboros@west-inc.com  

A major challenge of bat management and conservation is the difficulty in estimating the population size for many bat species. Bats are small, volant, 

nocturnal mammals that roost in trees and caves and are therefore difficult to count and study. Passive acoustic detection methods are commonly used 

to measure bat activity but are not useful for calculating bat density because individual bats cannot be identified. Therefore, bat population trends, status, 

and the anthropogenic impact from activities such as energy development are difficult to estimate. The objectives of our research were to improve 

methods for detecting bats such as sampling to target-specific species, incorporating visual detections, minimizing double counting, and estimating bat 

abundance rather than limiting inference to occupancy and activity. Additionally, unlike vehicular sampling, our unique approach includes airspace in 

the rotor-swept zone of wind turbines, increases spatial coverage, and detects non-echolocating bats. In 2020, we pilot tested field methods using a 

multi-rotor drone equipped with an onboard thermal camera and modified full spectrum acoustic detector that simultaneously recorded bat calls and 

documented bat passes in thermal videos. In 2021, we collected drone data along 0.5- or 1-km long transects at two operational wind sites and one 

mitigation site during the fall migration. A passive detector grid was deployed at each site to augment the drone data and inform species composition. 

We used machine learning algorithms to locate bat thermal detections and applied statistical methods to model bat abundance and calculate trends in 

species occupancy and abundance over time. 
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