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Abstract: Small unmanned aerial systems (sUAS) or unmanned aerial vehicles (UAVs), hereafter referred to 
as ‘drones’, are increasingly being tested and used in wildlife management. Applications include incidental 
monitoring, systematic surveys, wildlife health assessments, habitat and landscape mapping, tool/bait delivery, 
and dispersal of wildlife. Although many of the current uses are preliminary or “proof-of-concept”, drone 
technology has the ability to significantly reduce sampling and management costs/efforts, produce high quality 
data, and provide a unique vantage point to study complex systems. However, uncertainly over drone 
regulations, platform use restrictions/purchases, and nascent of post-processing data techniques present 
challenges to their wide-spread use and integration into wildlife management programs. Furthermore, a 
growing number of studies indicate potential ethical concerns over the exposure of wildlife to drones, yet few 
studies or management programs explicitly address this issue. To that end, we organized this symposium as a 
gathering of stakeholders to discuss potential ethical and logistic barriers to drone use in wildlife management. 
The symposium is broken up into six sections:  

1) Federal Aviation Administration (FAA) and U.S. Fish and Wildlife Service (USFWS) current 
regulations on drone operation.  

2) Potential impacts of drone operations on wildlife. 
3) Unique applications. 
4) Standardization for systematic drone surveys and reporting of drone operations. 
5) Considerations and techniques for data post-processing. 
6) Future directions. 
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PART 2 
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USDA Wildlife Services' Integration of UAVs for Wildlife Damage Management 
Steven Smith (steven.h.smith@usda.gov)  

Wildlife Services (WS) first applied unmanned aerial vehicles (UAVs) outside of research in 2015 when 
the first two Certificate of Authorizations (COAs) were granted by the Federal Aviation Administration 
(FAA) to personnel in Georgia and Idaho. In the 5 years since, WS’ use of UAVs has expanded to include 
nearly 100 certified pilots and an internal Working Group for providing oversight, training, and support. 
WS pilots have logged over 500 hours of flight time on multiple platforms for applications including 
damage assessment and surveys, location scouting, remote trap checks, harassment of injurious species, 
and locating target animals. In 2019 WS was issued an agency Certificate of Waiver (COW) to conduct 
night operations. As of May 2020, 10 WS pilots have been trained and certified to carry out night operations 
under this COW for locating and surveying white-tailed deer, feral swine, and other nocturnal species. 

mailto:steven.h.smith@usda.gov
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Using Drones in the Management of Agriculture-Wildlife Conflict: Can Large Blackbird Flocks Be 
Deterred from Commercial Sunflower Fields? 
Page Klug (page.e.klug@usda.gov)  

A promising tool in wildlife damage management is the small unmanned aircraft system (sUAS). sUAS are 
an ideal frightening device given they are a multi-functional tool for agriculture, are easy to fly, and can be 
modified to enhance the antipredator response of nuisance species. Thus, we have begun evaluating sUAS 
as a hazing tool to minimize blackbird damage to sunflower. My first objective is to discuss the antipredator 
response of captive red-winged blackbirds (Agelaius phoeniceus) to three UAS platforms (i.e., multirotor, 
fixed-wing, and predator model) approaching at direct and overhead trajectories. My second objective is to 
discuss field evaluations of sUAS efficacy as a hazing tool including the influence of altitude and horizontal 
distance on the escape response of large mixed-flocks of blackbirds (Icteridae). We did not observe an 
effect of trajectory on alert response in captive birds, however, blackbirds alerted to the predator model 8 
seconds earlier than the fixed-wing and 13 seconds earlier than the multirotor. Additionally, blackbirds 
returned to foraging earlier and alarm-called and took flight less frequently in response to multirotor 
approaches compared to the predator model. Overhead approaches failed to elicit flight, suggesting sUAS 
hazing may be most effective at low altitude, direct approaches. In direct approaches, only the multirotor 
failed to elicit an escape response. In the field blackbird flocks responded to all three platforms by taking 
flight. In a separate study, blackbird flocks did not respond to a fixed-wing flown at 52 m above ground 
level (AGL) but exhibited responses to a multirotor when flown within 30 m AGL. Flocks responded to a 
large spraying UAS (5 m AGL; 4 m/s) at an average of 38 ± 9.6 m. Future research will explore increasing 
the negative stimulus (e.g., multiple drones in coordination and deploying nonlethal chemical repellents) to 
enhance deterrence on large flocks. 

mailto:page.e.klug@usda.gov
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Drones Extend the Reach of Wildlife Management Tools 
Tim Shields (t.shields@hardshelllabs.com)  

Aerial drones offer wildlife biologists and managers tools to extend the reach of established techniques as 
well as opportunities for novel approaches to previously insoluble problems. Population management of 
nuisance birds includes lethal removal of individuals and preventing clutches from hatching by coating eggs 
with oil, a substance which prevents oxygen flow to the bird embryo. Lethal removal of adult birds has 
drawbacks: poisoning is controversial, and shooting is expensive and logistically challenging. Egg oiling 
can be limited by the physical location of nests; however, we highlight a drone-based solution. Through the 
use of a remote fluid application system (RFAS) mounted on commercially available unmanned aerial 
vehicles (UAVs) we have been able to treat large numbers of common raven (Corvus corax) nests in the 
interest of desert tortoise (Gopherus agassizii) and greater sage grouse (Centrocercus urophasianus) 
conservation, where both species suffer from heightened predation from this subsidized predator. Our work 
has included treating raven nests on electrical utility transmission towers, an important artificial nesting 
substrate, as well as a variety of natural substrate nests. Having refined the technology and methodology of 
drone-based remote egg oiling, the potential to address avian threats to other threatened and endangered 
species is clear. 

mailto:t.shields@hardshelllabs.com
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Overview of sUAS Imagery for Wildlife Monitoring 
Cary McCraine (cdm366@msstate.edu)  

Small unmanned aerial systems (sUAS) have proven their usefulness in a multitude of fields including 
precision agriculture, surveying, and wireless networks. The ability to carry an array of different sensors 
makes them an extremely versatile tool for anyone trying to collect small scale remotely sensed data. There 
are numerous cases of sUAS being used in wildlife settings such as to deter nuisance animals and monitor 
wildlife activity. This talk will primarily concentrate on photogrammetry of wildlife using sUAS. It will 
emphasize the basics of sensor selection and how to optimally collect data based on the end goal. 
Additionally, it will cover a couple sample workflows and lessons learned from past wildlife/sUAS projects. 

mailto:cdm366@msstate.edu


2020 TWS Conference (Virtual) –  
Drone Symposium Abstracts & Presentations October 1, 2020 

Page 238 of 328 



2020 TWS Conference (Virtual) –  
Drone Symposium Abstracts & Presentations October 1, 2020 

Page 239 of 328 



2020 TWS Conference (Virtual) –  
Drone Symposium Abstracts & Presentations October 1, 2020 

Page 240 of 328 



2020 TWS Conference (Virtual) –  
Drone Symposium Abstracts & Presentations October 1, 2020 

Page 241 of 328 



2020 TWS Conference (Virtual) –  
Drone Symposium Abstracts & Presentations October 1, 2020 

Page 242 of 328 



2020 TWS Conference (Virtual) –  
Drone Symposium Abstracts & Presentations October 1, 2020 

Page 243 of 328 



2020 TWS Conference (Virtual) –  
Drone Symposium Abstracts & Presentations October 1, 2020 

Page 244 of 328 



2020 TWS Conference (Virtual) –  
Drone Symposium Abstracts & Presentations October 1, 2020 

Page 245 of 328 



2020 TWS Conference (Virtual) –  
Drone Symposium Abstracts & Presentations October 1, 2020 

Page 246 of 328 



2020 TWS Conference (Virtual) –  
Drone Symposium Abstracts & Presentations October 1, 2020 

Page 247 of 328 



2020 TWS Conference (Virtual) –  
Drone Symposium Abstracts & Presentations October 1, 2020 

Page 248 of 328 



2020 TWS Conference (Virtual) –  
Drone Symposium Abstracts & Presentations October 1, 2020 

Page 249 of 328 



2020 TWS Conference (Virtual) –  
Drone Symposium Abstracts & Presentations October 1, 2020 

Page 250 of 328 



2020 TWS Conference (Virtual) –  
Drone Symposium Abstracts & Presentations October 1, 2020 

Page 251 of 328 



2020 TWS Conference (Virtual) –  
Drone Symposium Abstracts & Presentations October 1, 2020 

Page 252 of 328 



2020 TWS Conference (Virtual) –  
Drone Symposium Abstracts & Presentations October 1, 2020 

Page 253 of 328 



2020 TWS Conference (Virtual) –  
Drone Symposium Abstracts & Presentations October 1, 2020 

Page 254 of 328 



2020 TWS Conference (Virtual) –  
Drone Symposium Abstracts & Presentations October 1, 2020 

Page 255 of 328 



2020 TWS Conference (Virtual) –  
Drone Symposium Abstracts & Presentations October 1, 2020 

Page 256 of 328 



2020 TWS Conference (Virtual) –  
Drone Symposium Abstracts & Presentations October 1, 2020 

Page 257 of 328 



2020 TWS Conference (Virtual) –  
Drone Symposium Abstracts & Presentations October 1, 2020 

Page 258 of 328 



2020 TWS Conference (Virtual) –  
Drone Symposium Abstracts & Presentations October 1, 2020 

Page 259 of 328 

 
 



2020 TWS Conference (Virtual) –  
Drone Symposium Abstracts & Presentations October 1, 2020 

Page 260 of 328 

Identifying Wildlife from Aerial Imagery Using CNNs 
Sathish Samiappan* (sathish@gri.msstate.edu) and Meilun Zhou (* = presenter) 

Aerial surveys and monitoring of wildlife using small unmanned aerial systems (sUAS) are cost-effective 
methods to assess changes in abundance, distribution, and species identification. The sUAS can be fitted 
with a variety of image sensors to detect light in both visible, near-infrared, and thermal wavelengths. High-
resolution imagery collected from the sUAS enables new possibilities that are not available in the past. 
Manually analyzing sUAS collected imagery can be laborious and unfeasible in most scenarios, so 
automated assessment by computer models is desired. The supervised pattern classification algorithms such 
as convolutional neural networks (CNN) is shown to produce excellent classification of objects. Building 
a supervised learning framework for the recognition of wildlife involves a training step and a testing step. 
During training, features of the animals are learned from the training images or examples, which have 
already been labeled by an expert (a label is ground reference annotation). During the testing step, the 
trained model evaluates the incoming image and outputs a label or prediction. Deep learning approaches 
such as CNN for detecting and estimating animals from aerial imagery over large areas has gained 
popularity in the past 5 years. As object recognition models, deep learning algorithms such as CNN offer 
more accurate estimation compared to traditional statistical and other non-parametric approaches and is 
popular for wildlife survey. CNN's not only training the classification machine learning model but also 
includes the salient feature extraction step tailored to the problem. The key aspect in animal detection from 
the sUAS collected imagery is the representation of animal appearance heterogeneity due to different 
species, color, pose variations, motion blur due to animal and sUAS movements, scene illumination 
changes. CNN is proved to extract features that are invariant to the abovementioned constraints. This talk 
will cover the fundamentals of CNN architecture, open-source tools, and challenges. 

mailto:sathish@gri.msstate.edu
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Standardized Protocol for Reporting Methods When Using Drones for Wildlife Research 
Susan Ellis-Felege, Andrew Barnas* (Andrew.f.barnas@gmail.com), Dominque Chabot, Amanda 
Hodgson, David Johnston, and David Bird (* = presenter) 

Drones are increasingly popular tools for wildlife research, but it is important that the use of these tools 
does not overshadow reporting of methodological details required for evaluation of study designs. The 
diversity in drone platforms, sensors, and applications necessitates the reporting of specific details for 
replication, but there is little guidance available on how to detail drone use in peer-reviewed articles. Here, 
we present a standardized protocol to assist researchers in reporting of their drone use in wildlife research. 
The protocol is delivered in six sections: (1) Project Overview; (2) Drone System and Operation Details; 
(3) Payload, Sensor, and Data Collection; (4) Field Operation Details; (5) Data Post-Processing; and 
(6) Permits, Regulations, Training, and Logistics. Each section outlines the details that should be included, 
along with justifications for their inclusion. To facilitate ease of use, we have provided two example 
protocols, retroactively produced for published drone-based studies by the authors of this protocol. Our 
hopes are that the current version of this protocol should assist with the communication, dissemination, and 
adoption of drone technology for wildlife research and management. 

mailto:Andrew.f.barnas@gmail.com
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The Data Deluge: Integrating AI to Streamline Image Analysis for Wildlife Surveys 
Sally Yannuzzi* (sara.yannuzzi@und.edu), Travis Desell, AbdElRahman ElSaid, Joshua Riedy, Barrett 
Sather, Jared Westrem, and Susan Ellis-Felege (* = presenter) 

Wildlife surveys are vital to informing state and federal regulations, hunting seasons, management 
techniques, and population monitoring. However, their implementation, data quality, and prompt 
completion can be sacrificed as a result of time, money, accessibility, and surveyor fatigue and expertise. 
With technological advances such as drones, wildlife scientists have been able to improve data collection 
in many of these areas. However, reviewing imagery captured by drones can be a time intensive process in 
itself that is not void of detection error. While it has been shown that less experienced reviewers such as 
citizen scientists can effectively be used to aid in image processing, this still takes countless hours and can 
slow down data feeds. Integrating artificial intelligence through the use of a trained neural network can 
significantly speed up this data deluge. While initial training of the neural network can be time consuming, 
once completed, image reviewing can occur in real-life time. Through the application of this technique, 
wildlife data collection can be performed semi-autonomously and rapidly, producing higher quality data 
for less cost and increased efficiency. 

mailto:sara.yannuzzi@und.edu
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