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rick.spaulding@ManTech.com.  
Jeff Jenness, Jenness Enterprises, GIS Analysis and Application Design, Flagstaff, AZ; Chair, TWS Spatial Ecology & Telemetry 
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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) 
 

Introduction to the Drone Working Group and Spatial Ecology & Telemetry Working Group 
Rick Spaulding1 and Jeff Jenness2 
1Chair, Drone Working Group; ManTech Advanced Systems International, rick.spaulding@mantech.com 
2Chair, Spatial Ecology & Telemetry Working Group; Springs Stewardship Institute; jeff.jenness@nau.edu  
The primary mission of the Drone Working Group (WG) is to provide support and information to those TWS members that use small unoccupied 
aircraft systems (sUAS), more commonly called drones, in natural resources/wildlife research and management and to see the use of this technology in 
our profession move forward professionally, ethically, and legally. The Drone WG works to increase awareness of drones for conducting wildlife 
management and survey activities and to promote their safe and ethical use by users in universities, federal and state governments, and the private 
sector, including non-governmental organizations. We provide networking and communication opportunities for wildlife professionals working with 
drones in wildlife management, research, and education and any other facet of drone use that would benefit from discussion and transfer of information 
between like-minded users. 
The Spatial Ecology and Telemetry WG promotes the use of spatial technologies and analytical approaches when managing and studying wildlife and 
their habitats. Our members are interested in GIS, Remote Sensing, Telemetry and Spatial Ecology. Our focus is on the spatial aspects of wildlife species 
behavior, habitat requirements and interactions with other species. We do this by promoting symposia and workshops such as this one, and by supporting 
travel costs for students and early-career individuals who are working in this field. We also publish a newsletter that focuses on spatially-oriented 
research, and we honor people who have provided some spatial function, tool or service that has significantly enhanced the field of wildlife conservation 
and management. 
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Developing a Drone Program for Wildlife and Habitat in an Academic Setting 
Humberto Perotto-Baldivieso1, Michael T. Page1, Annalysa M. Camacho1, Alexandria DiMaggio1, Rider Combs1, Brandon Palmer1, Jacob Dykes1, 
Bethany Friesenhahn1, Jesse Exum1, Zachary Pearson1, Lori Massey1, Jose S. Avila1, J. Alfonso, Ortega-S.1, Leonard Brennan1, Randy DeYoung1, 
Aaron Foley1, Dwain Daniels2, Tony Kimmet3, Jose de la Luz “Pepe” Martinez4, Tim Fulbright1, and David Hewitt1 
1Caesar Kleberg Wildlife Research Institute, Texas A&M University-Kingsville; Humberto.Perotto@tamuk.edu  
2Central National Technology Support Center, NRCS 
3Geospatial Enterprise Operations Branch, USDA 
4Rangeland Management Specialist, NRCS-Texas 
Drones are the fastest growing market in the geospatial industry, and they are changing the way we collect, manage, and analyze wildlife and habitat 
data. Drone training and drone data analytics will be key for the next generation of wildlife professionals and more broadly for people working in natural 
resources research and extension. The objective of this presentation is to show the evolution of the drone program at the Caesar Kleberg Wildlife 
Research Institute and how we are shaping a program that provides research, education, and training opportunities for our students. The program was 
started in 2017 with 1 drone and 1 pilot. In 2022, the program has acquired 11 drones, has trained 16 pilots, and has completed over 250 missions. The 
program focuses on developing state-of-the art research and providing hands-on training to our students with a focus on laws and regulations, safety, 
and data analytics. The projects conducted in the last 5 years include thermal ecology, land cover classification and analysis, forage estimation, white-
tailed deer detection, rangeland crude protein estimation, and spectral signature analysis. In 2021, the drone program received a USDA grant award to 
develop a training program for the next generation of women pilots. This program aims at training students in drone operations, data analytics and 
offering the professional market with 20 students with a complete set of skills in the next 5 years. In addition, we are training graduate students and 
strengthening our capabilities as technology develops and new research ideas emerge. 
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Humberto L. Pero�o -Baldivieso
Associate Professor and Research Scien�st
Humberto.Pero�o@tamuk.edu
361-593-3977

Developing a Drone Program for Wildlife and 
Habitat in an Academic Se�ng

Humberto L. Pero�o -Baldivieso1, Michael T. Page1, Annalysa M. Camacho1, Alexandria DiMaggio1, Rider 
Combs1, Brandon Palmer1, Jacob Dykes1, Bethany Friesenhahn1, Jesse Exum1, Zachary Pearson1, Lori 

Massey1, Jose S. Avila1, J. Alfonso, Ortega-S. 1, Leonard Brennan1, Randy DeYoung 1, Aaron Foley1, Dwain 
Daniels2, Tony Kimmet 3, Jose de la Luz “Pepe” Mar�nez 4, Tim Fulbright1, David Hewi�1. 

1 Caesar Kleberg Wildlife Research Ins�tute, Texas A&M University Kingsville
2 Central Na�onal Technology Support Center, NRCS
3 Geospa�al Enterprise Opera�ons Branch, USDA
4 Rangeland Management Specialist, NRCS -Texas
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Why a drone program?

• Drones are the fastest growing 
market in the geospa�al 
industry.

• Drones have change the way 
data is collected, managed and 
displayed.

• Opportuni�es in every field: oil 
industry, conserva�on, real 
state, insurance, fire, law 
enforcement, geospa�al 
intelligence, etc.
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Why a drone program?

• Key to prepare a new 
genera�on of compe��ve 
professionals in the market.

• Huge opportuni�es in 
natural resources from 
research to extension.
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Drone program at CKWRI

• The drone program is an Ins�tute-
wide program designed to meet 
research needs in range and 
wildlife.

• Our ac�vi�es include research on:
• Very high resolu�onmapping 

(1/5 inch)
• Image classifica�on
• 3D analysis
• Wildlife Aerial surveys
• 2D and 3D Visualiza�on
• Videography
• Biomass es�ma�on

3D Mapping

2D Mapping
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Projects

• Forage mass es�ma�on.
• Pig damage in crops.
• Vegeta�on classifica�on (mesquite).
• Aerial wildlife surveys.
• Crude protein.
• Spectral signatures (bunch grasses).
• Spectral signatures (thornscrub 

communi�es).
• Quail detec�on.
• Thermal ecology.
• Pilot trainings (USDA).

Photo by A. Mesa
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The drone Program Timeline

2017 2018 2019 20222020

RGB Thermal Mul�spectral

1 Pilot 3 Pilots 10 Pilots5 Pilots

Phantom IV Phantom IV Pro Phantom IV Pro RTK Matrice 210 V2 (2) Matrice 210 V2 RTK

2 Pilots

2021

Phantom IV Pro (5)

2 publica�ons 1 publica�on
2 publica�ons + 
2 in review

15 Pilots
(+ 6 pilots in training)

Drone Wave Program
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Key considera�ons for a successful drone program

• Team effort.

• Safety

• Understanding of laws and regula�ons.

• Con�nuous training for all pilots 
(so�ware/hardware/regula�ons).

• Protocol development for drones safety and fleet 
management.

• Development of a long-term strategy for funding.
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Important regula�ons to follow

• Federal regula�ons
• Part 107
• FAA regula�ons
• USFWS regula�ons

• State regula�ons
• Regula�ons over urban areas
• Texas Parks and Wildlife Department

• University regula�ons
• Drone policies
• Risk management
• Insurance
• Compliance.
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Hardware and so�ware

• Ba�eries
• Replacement propellers
• Anemometers
• Cones
• Strobes
• Flashlights
• night light systems
• Two-way radio communica�ons
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Mission planning

• Flight al�tude
• Flight area
• Time of the year
• Ambient temperature
• Topography

DiMaggio et al. 2020
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Data storage and processing

• backups
• Storage infrastructure
• Processing so�ware

Challenges
• Backup network 

infrastructure
• HPC
• Cloud storage
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Wildlife surveys
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The Drone wave program
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Special Issue: Drones and wildlife
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Funding for this projects were provided by:

• The Houston Livestock Show and Rodeo
• Dallas Safari Club
• The Harvey Weil Rotary Club of Corpus Chris�
• Rene R. Barrientos Educa�onal Assistance Fund for Wildlife Graduate Students
• Texas Alliance for Graduate Educa�on and the Professoriate
• Elizabeth Huth Coates Charitable Founda�on of 1992
• King Ranch Inc.
• Ken Leonard Fund for Ca�le Wildlife Interac�ons
• NRCS grant # NR183A750015C017
• Na�onal Science Founda�on CREST Grant #2019 -38422 -25543
• USDA-APHIS
• South Texas Chapter of the Quail Coali�on
• East Founda�on
• Vaughan Founda�on

We are in deep gra�tude to the landowners in Texas and CKWRI partners who graciously 
granted us access to their proper�es
CKWRI:
h�ps://www.ckwri.tamuk.edu/

THANK YOU!
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Ques�ons?

Humberto L. Pero�o -Baldivieso
Associate Professor and Research Scien�st
Humberto.Pero�o@tamuk.edu
361-593-3977
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Overview of the University of Florida Uncrewed Aircraft Systems Research Program (UFUASRP): Two Decades of Drones for Natural 
Resource Applications 

Ray Carthy1, Peter Ifju2, Benjamin Wilkinson3, Andrew Ortega2, and Matthew Burgess4 
1USGS, University of Florida, Gainesville, FL; ngosi@ufl.edu  
2Mechanical and Aerospace Engineering Department, University of Florida, Gainesville, FL 
3Geomatics, University of Florida, Gainesville, FL 
4USGS, National UAS Project Office, Geosciences and Environmental Change Science Center, Denver, CO. 
In the early 2000s, University of Florida (UF) researchers from the U.S. Geological Survey Florida Cooperative Fish and Wildlife Research Unit, 
Geomatics, and Mechanical and Aerospace Engineering Department established the Unoccupied Aircraft Systems Research Program (UASRP) with 
the goal of developing drones to perform aerial surveys for natural resource applications. At the time, autonomous multirotor drones were not readily 
available, and we developed our own series of fixed-wing, hand-launched vehicles that performed autonomous aerial photogrammetric surveys of 
wading bird populations, documented the spread of invasive plants, and provided data with higher spatial and temporal resolution than previously 
available. The diverse expertise of the group allowed us to address natural resource questions using a combination of commercial-off-the-shelf solutions 
and those engineered to specification, in-house. The team has implemented numerous sensors on drones, such as traditional cameras, multi/hyperspectral 
imagers, and lidar. Since the early years, the group has expanded our applications and custom platform development to include many unique research 
vehicles. Recent work with the UF Center for Coastal Solutions has led to the development of hybrid drone platforms to collect water samples for the 
assessment of harmful algal blooms and red tide. The research team has also developed a unique drone-based bathymetry system that has many 
advantages over autonomous watercraft. This presentation outlines milestones in the history of the UFUASRP and highlights our latest projects and 
advances in the field of drone-based natural resource research.  
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Overview of the University of Florida Uncrewed 
Aircra� Systems Research Program (UFUASRP): 

Two Decades of Drones for Natural Resource 
Applica�ons 

Ray Carthy1, Peter I�u2, Benjamin Wilkinson3, Andrew 
Ortega2, and Ma�hew Burgess4
1 USGS, University of Florida, Gainesville, FL; ngosi@ufl.edu 
2 Mechanical and Aerospace Engineering Department, University of 
Florida, Gainesville, FL 
3 Geoma�cs, University of Florida, Gainesville, FL 
4 USGS, Na�onal UAS Project Office, Geosciences and Environmental 
Change Science Center, Denver, CO.
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Brief Overview of the UFUASRP
- In our 20th year of existence
- Natural resource-based applica�ons from 
the very beginning
- Approach from the natural resource 
scien�st point of view; simplicity of use and 
budget-friendly
- Truly interdisciplinary research program
- Over last 14 years, interest in sUAS for 
natural resources has grown exponen�ally
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- What is your SCIENTIFIC QUESTION? Define your target.
- What is your desired END PRODUCT? Individual images 
(samples), a mosaic (con�guous map or layer), a video 
(documenta�on of behavior), etc.
- What KINDS OF DATA do you need to collect to produce 

your end product? Iden�fy the pla�orms and sensors 
that can deliver those data.

ALSO CONSIDER:
- Sta�s�cal inference, post-processing, and archiving of 

data

Start With the Ques�on
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MLB Fold Bat
(2002-3)
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UF Airframe
Evolu�on

UF Polaris/Nova
(2006-8)

UF Nova 2
(2008-9)

MLB Fold Bat
(2002-3)

UF Tadpole
(2004-5)
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Nova
2.1

sUAS
(2009-2013)

• 9 � wingspan
• 11 lb AUW
• 1.25 hr dura�on
• 50 linear miles per
flight
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Nova 2.1 – Uncrewed Aircra� System
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Nova 2.1 – Op�cal Payload and GCS
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Drones and Computer Vision as a Potential Method for Bird Carcass and Bird Nest Detection at Solar Energy Facilities 
Mike Gerringer1, Mikey Tabak3, Tom Prebyl2, and Wally Erickson1 
1Western EcoSystems Technology, Inc.; mgerringer@west-inc.com  
2University of Georgia 
3Natural Capital Exchange, Canada 
The use of small uncrewed aircraft systems (sUAS) for renewable energy inspections (e.g., solar panel inspection) is becoming more common and there 
are opportunities to use sUAS for environmental compliance monitoring. Large solar energy projects have costly environmental compliance 
requirements including avian mortality monitoring surveys, which presently rely on human observers. During this study, we developed and evaluated 
an efficient sUAS and computer vision methodology for automated detection of bird carcasses and bird nests. We tested our approach using avian 
carcasses and nest surrogates (electric hand-warmers) of multiple sizes placed systematically at solar arrays. We collected drone imagery at two flight 
heights, 20 m and 30 m above ground level. We then trained convoluted neural network models using 70% of the imagery and withheld 30% for 
validation. Our initial results indicate nest-detection rates of 93% and 86% at 20-m and 35-m flight heights, respectively. The false positive rate was 
zero at both flight heights. Carcass detection rates were 53–85% for small birds and 79–97% for large birds depending on flight height and vegetation 
cover. The false positive rate for carcasses ranged from 0–2% depending on flight height and vegetation cover. Because the developed methods are 
largely autonomous, this approach for nest and carcass monitoring could be conducted simultaneously with operation inspections (e.g., panel defects) 
or other environmental compliance monitoring requirements (e.g., weed monitoring, vegetation restoration monitoring). Our research is conducted in 
partnership with the Electric Power Research Institute and funded by the Department of Energy. 
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Using Drones & AI for Wildlife Surveys: Detecting Desert Tortoises 
Matthew Bandy, Resi Solutions, matt@resi.solutions  
Small uncrewed aircraft (drones) and computer vision techniques have the potential to revolutionize the field surveys used to evaluate project impacts 
on wildlife and their habitats. Hyperspatial image acquisition combined with artificial intelligence (AI) object detection methods promises faster and 
safer collection of better data at a lower cost than traditional methods. Resi has developed a data collection methodology based on convolutional neural 
networks and commodity aerial platforms. This presentation reports on a series of preliminary detection trials on desert tortoises and desert tortoise 
burrows. Trials were undertaken in early 2022 in Utah and Nevada. The novel AI-assisted aerial survey approach is compared to traditional pedestrian 
methodologies in terms of effectiveness (detection rates/searcher efficiency), speed (rate of survey coverage), and efficiency (relative cost). The results 
indicate that the drone/AI methodology is characterized by detection rates roughly comparable to traditional methodologies. The drone/AI methodology 
is also shown to be faster and significantly more cost-effective than legacy approaches. Finally, we review prospects for future applications of this 
technology to renewable energy projects and to adaptive management programs more broadly. 
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UAS as Wildlife Hazing Tools: Considerations for Reducing Negative Human-Wildlife Interactions 
Morgan Pfeiffer* and Bradley Blackwell* 
*USDA, Wildlife Services, National Wildlife Research Center, Sandusky, OH; morgan.b.pfeiffer@usda.gov  
Negative human-bird interactions occur in both rural (e.g., agricultural crop destruction) and urban (e.g., bird-vehicle collisions) environments. Drones, 
given their operational reach and customization, offer a novel means to disperse birds from select areas in a non-lethal manner. Antipredator behavior 
theory offers a framework by which we can assess bird perceived risk toward drone approach, and relative to clearly defined management goals. Birds 
are generally assumed to respond to an approaching object (i.e., drone) as if they were assessing risk (e.g., predation risk) in the context of a cost-benefit 
model (i.e., the cost of escape compared to the cost associated with loss of foraging and other vital activities). However, perceived risk is also informed 
by characteristics of the drone (e.g., form and flight pattern). Here we present experimental and observational field case studies that inform our 
knowledge of bird response to drones, based on context, airframe type, and flight characteristics. We emphasize which behavioral metrics should be 
included in field studies to evaluate efficacy of drones in hazing applications against birds. 
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Using Drones to Detect and Quantify Wild Pig Damage and Yield Loss in Corn Fields Throughout Multiple Growth Stages 
Bethany A. Friesenhahn1, Lori D. Massey1, Randy W. DeYoung1, Michael J. Cherry1, Justin W. Fischer2, Nathan P. Snow2, Kurt C. VerCauteren2, & 

Humberto L. Perotto-Baldivieso1 
1Caesar Kleberg Wildlife Research Institute, Texas A&M University-Kingsville; Bethany.Friesenhahn@tamuk.edu  
2USDA, Wildlife Services, National Wildlife Research Center, Fort Collins, CO 
There are an estimated 6.9 million wild pigs (WP; Sus scrofa) in the US, which cause >1 billion US$ annually in damage to agriculture, environmental 
impacts, and control costs. However, estimates of damages vary widely, creating a need for consistent and accurate monitoring to estimate the economic 
costs of direct WP damage. The goal of this study was to integrate remotely sensed imagery from small uncrewed aircraft vehicles (sUAVs) and harvest 
data to quantify WP damage in corn fields. We used sUAVs with natural color cameras to monitor corn fields at different growth stages in Delta County, 
Texas, US during 2019–2020. We flew 36 sUAV missions and classified WP damage in 28 orthomosaics by a combination of manually digitizing and 
deep-learning algorithms. We compared estimates of damage from sUAV imagery to those derived from ground transect surveys. Finally, we compared 
damaged areas of fields to maps of collected real-time yields at harvest to estimate yield loss. All classified sUAV orthomosaics had >80% overall 
accuracy. Ground transect surveys, which subsampled 2.6-4.1% of the field, underestimated damage compared to sUAVs. Most damage occurred in 
latter growth stages when corn ears were maturing and most nutritious. WPs damaged up to 9.2% of the area of a field, resulting in a cost loss to 
producers of $17.18–48.24 per ha of damage. sUAV imagery combined with spatially explicit harvest yield data provides an accurate assessment of 
crop damage and yield loss due to WPs in the currency required for the cost-benefit evaluation of management actions. 
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