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The guts of Motus 
Digitally-coded radio Automated telemetry Centralized data 
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Motus StationsDigitally-coded radio transmitters (tags) 
motus.org/resources 

VHF: Nanotags (Lotek) 
• 166.38 MHz in western hemisphere 

UHF: LifeTags/PowerTags (Cellular Tracking Technology) 
• 433/434 MHz worldwide 

Size: 0.13 g – 3g 

Life: 10d – years 

Cost: ~ $250/tag 

Others on the horizon? 
• Bluetooth (2.4 GHz) 

https://motus.org/resources


 

Battery Tags 
0.13g 3.0g1.5g0.45g 1g0.6g 

Mass 
Lifespan 

10-21 d 60-290d 60-365d 130-735d 359-1042d 1-5 yr 

0.06g (CTT) 0.35g (CTT) Solar and Hybrid Tags 1.5g (Lotek w/t battery) 

∞∞ 
(not yet compatible) 



 

 

 

 

 

Motus StationsAutomated telemetry receiving stations 
motus.org/resources 

• Network of “ears” 

• Receiver + Antennas + Power + Structure 

• Relative high position in the environment 

• Easiest installations: 
• existing infrastructure; grid power/internet available 
• 4 antennas: 2 long-range antennas per frequency (166 & 434 MHz) 

• 20-30 km detection range (typical installation) 

• Presence, direction 

• Passive receiving (listen only; no transmission) 

• Cost: varies with installation, “easiest” $5000-7000 installed 

https://motus.org/resources


Communication/repeater towers 



Fire lookouts 



Utility poles 



Tall buildings 



Motus StationsLocal scale inferences 

Node arrays 
• UHF only 
• Small standalone receivers 
• Built-in solar; ~ 0.5 – 2 km range 
• Data transfer to base station 
• Cost: ~ $300/node 

Framework for localization 
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The guts of Motus 
Digitally-coded radio Automated telemetry Centralized data 

stations repository transmitters (tags) 
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migratory bird populations 
complex, far-flung annual cycles 

small size hinders tracking 



  
 

2015

Conceptual hemispheric Community 
infrastructure framework for 
the Americas by 2030. Similar 
ambition exists for Europe and 
other regions. 

2022 



 Motus Strategy to 2030 
• motus.org/strategy 

Collaboration Policy 
• motus.org/policy2022 

https://motus.org/strategy
https://motus.org/policy2022


Resource Management framework 
motus.org/research-applications 

Delivery 

Discovery 



 

Motus in the knowledge gaps 

• Stopover duration 
• Departure decisions: Packmor et al. 2020 
• Daily activity: Morales et al. 2022 
• Site fidelity: Neima et al. 2020 
• Flight speeds and orientation: Gomez et al. 2017 
• Colony attendance: Roux and Nocera 2020 
• Connectivity; multi-scale movement: Cooper and Marra 2020 

motus.org/research-applications 

https://movementecologyjournal.biomedcentral.com/articles/10.1186/s40462-020-0193-1
https://academic.oup.com/auk/article-abstract/139/2/ukab083/6498004?redirectedFrom=fulltext
https://www.ace-eco.org/vol15/iss1/art14/
https://www.nature.com/articles/s41598-017-03503-4
https://doi.org/10.1002/ece3.7235
https://doi.org/10.1016/j.cub.2020.07.056
https://motus.org/research-applications


Photo by Tim Romano/Smithsonian Conservation Biology Institute 

Light-level geolocators (Cooper et al. 2017) 

Motus (Cooper and Marra 2020) 

Motus (Cooper et al. 2018) 

Spring stopover 

 

    

 

  



 
  

 

Motus conservation delivery 

• Vital rate estimation 
• Evans et al. 2019 –post-fledgling survival of Barn Swallows 
• Gomez et al. in prep – apparent survival along migration route 
• Rushing et al. in prep – seasonal survival estimates and phenology 

motus.org/research-applications 

https://onlinelibrary.wiley.com/doi/10.1111/ibi.12727
https://motus.org/research-applications


 

Motus conservation delivery 

• Threat identification or risk mitigation 
• Bianchini and Morissey 2018 – oil spill residue 
• Eng et al. 2019 – neonicotinoid insecticides 
• Van Vliet et al. 2020 –agricultural intensification 
• Howell et al. 2020 – wind energy development 
• Loring et al. 2021 – wind energy development 

motus.org/research-applications 

https://pubs.acs.org/doi/10.1021/acs.est.8b04571
https://www.science.org/doi/10.1126/science.aaw9419?adobe_mc=MCORGID%3D242B6472541199F70A4C98A6%2540AdobeOrg%7CTS%3D1678304719
https://www.sciencedirect.com/science/article/abs/pii/S0167880919303123?via%3Dihub
https://onlinelibrary.wiley.com/doi/10.1111/ibi.12771
https://www.boem.gov/sites/default/files/documents/renewable-energy/studies/Tracking-Migratory-Shorebirds-Atlantic-OCS.pdf
https://motus.org/research-applications


 

  

 

 

 

  

Spring flight paths

Fall flight paths

Motus partner station

BOEM station

Federal waters

Lease areas

Planning areas

Loring et al. 2021 



 

Motus conservation delivery 

• Spatially-explicit conservation/management implications 
• Begin-Marchand et al. 2022 - timing of forest harvest 
• Herbert et al. 2022 – importance of limited high-quality wetland sites 
• Gonzalez et al. 2022 – wintering habitat carry over effects 
• Smith et al. 2023 – final migratory staging location and prey harvest 

motus.org/research-applications 

https://www.ace-eco.org/vol17/iss1/art4/
https://besjournals.onlinelibrary.wiley.com/doi/10.1111/1365-2656.13670
https://doi.org/10.1016/j.ecolind.2021.108115
https://www.nature.com/articles/s41598-023-37517-y
https://motus.org/research-applications


 

Mobilizing Motus 

Motus Strategy to 2030 Collaboration Policy 
motus.org/strategy motus.org/policy2022 

• Institutional partnerships 
• Conservation delivery 
• Open data 
• International network of regional coordination 

https://motus.org/strategy
https://motus.org/policy2022


 

Key U.S. institutional partnerships 

• Department of the Interior 
• USFWS, NPS, USGS, BLM, BOEM 

• USDA Forest Service (National Wildlife Program) 

• Department of Defense (Nat Res Program, DoD PIF) 



 

      

How is Motus Relevant? 

• Motus is relevant to DoD in three primary ways: 
• Sampling Tool for INRMP 
• Data informing Flight Safety 
• Opportunities for Collaboration 

Kansas Air National Guard installing Motus on McConnell AFB 



 
  

Reframing the System 

• Conservation infrastructure 

• Another tool for surveys 
• Point Counts 
• Line Transects 
• Mist Netting 
• Motus 

• Fixed Point Telemetry 
• Opportunities otherwise unavailable 
• Act of passive sampling – at the very least 



 

 
  

Relevance to DoD: Sampling Tool 

• Sikes Act – INRMP Projects Tool 
• Bats 
• Birds 
• Terrestrial Invertebrates 
• Terrestrial Vertebrates? 

• Presence 

• Investigate species of interest 

• Habitat Use 

• Long-term Data Sets and Trends 

Brock Fenton 

motus.org 



 

 

Relevance to DoD: Flight Safety 

• New kind of data for flight safety 

• Deconstruct migration assumptions 

• Investigate species of safety concern 

• Investigate airfield use 

• Use for measuring mitigation actions 

• Data can inform flight schedules 



Example Data 



Relevance to DoD: Collaboration 

• Across DoD 
• Species w/wide distribution 
• MSS 
• Bats 

• Flyways 

• States 

• Universities 

• NGOs 



 

 

 

      

Examples on DoD 
• Langley AFB 

• Nodes – Bald Eagle airfield use 

• Grand Forks AFB 
• Nodes – Airfield bird movement + BASH 

• McConnell AFB 
• Wichita resident Canada Goose study 

• Fort Indiantown Gap 
• Bat studies 

• Letterkenny Army Depot 
• Nodes – Northern Bobwhite translocation 

• Fort Drum 
• Golden-wing Warbler study 

Kansas Air National Guard installing Motus on McConnell AFB 



History of Motus on DoD 

• 2020: 3 

• 2024: 12 + 22 planned 



Motus Expansion! 

2020 2024 



 

 

DoD Motus Project – Proof of Concept 

• Show efficacy of Motus as a tool for DoD 

• ESTCP call for Proposals FY26 

• Funding for staff/labor, receivers, and tags 
• DoD PIF MSS 
• BASH 
• Bat 

Common Name Scientific Name Status

Northern long-eared Bat Myotis septentrionalis Endangered

Tricolored Bat Perimyotis subflavus Proposed Endangered

Little Brown Bat Myotis lucifugus FY24 Determination

Indiana Bat Myotis sodalis Endangered

Gray Bat Myotis crisciens Endangered

Hawaiian Hoary Bat Lasiurus cinereus semotus Endangered

Hoary Bat Lasiurus cinereus cinereus FY27 Determination



 

 

Where we are now? 

• Meeting since early 2023 
• Call for Participation 
• NMFWA 2024 
• 60 installations interested! 
• Open to hearing from more! 
• Sent our survey to collect data →

• Looking to identify species to tag 

• Working through logistics of implementation and management 

• Write pre-proposal for FY26 call for ESTCP 



DoD Motus Project Installations 



 

  

Is Your Installation Interested? 

• USFWS – Mike Jungen – michael_jungen@fws.gov 

• USDA WS – Jason Kougher - jason.d.kougher@usda.gov 

• American Bird Conservancy – Adam Smith – asmith@abcbirds.org 

• UNC-Chapel Hill – Susan Cohen 

• Bird Conservancy of the Rockies – Matt Webb 

• NAVFAC SW – Dave McNaughton 

• ERDC – Doug Raybuck 

mailto:asmith@abcbirds.org
mailto:jason.d.kougher@usda.gov
mailto:michael_jungen@fws.gov


Questions? 
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