
Urban
Naturalist

No. 17 2018

Use of Small Unmanned Aircraft 
Systems (UAS) to Assess and 

Quantify Risk of Entanglement in 
Synthetic Baling Twine in Pandion 

haliaetus (Osprey) Nests
James F. Dwyer and Michael C. Tincher



The Urban Naturalist . . .
♦ A peer-reviewed and edited interdisciplinary natural history science journal with a 

global focus on urban areas ( ISSN 2328-8965 [online]). 

♦ Featuring research articles, notes, and research summaries on terrestrial, fresh-water, 
and marine organisms, and their habitats. The journal's versatility also extends to pub-
lishing symposium proceedings or other collections of related papers as special issues.

♦ Focusing on field ecology, biology, behavior, biogeography, taxonomy, evolution, 
anatomy, physiology, geology, and related fields. Manuscripts on genetics, molecular 
biology, anthropology, etc., are welcome, especially if they provide natural history in-
sights that are of interest to field scientists. 

♦ Offers authors the option of publishing large maps, data tables, audio  and video clips, 
and even powerpoint presentations as online supplemental files. 

♦ Proposals for Special Issues are welcome.

♦ Arrangements for indexing through a wide range of services, including Web of 
Knowledge (includes Web of Science, Current Contents Connect, Biological Ab-
stracts, BIOSIS Citation Index, BIOSIS Previews, CAB Abstracts), PROQUEST, 
SCOPUS, BIOBASE, EMBiology, Current Awareness in Biological Sciences 
(CABS), EBSCOHost, VINITI (All-Russian Institute of Scientific and Technical 
Information), FFAB (Fish, Fisheries, and Aquatic Biodiversity Worldwide), WOW 
(Waters and Oceans Worldwide), and Zoological Record, are being pursued.  

♦ The journal staff is pleased to discuss ideas for manuscripts and to assist during all 
stages of manuscript preparation. The journal has a mandatory page charge to help 
defray a portion of the costs of publishing the manuscript. Instructions for Authors are 
available online on the journal’s website (www.eaglehill.us/urna).

♦ Co-published with the Northeastern Naturalist  (Print ISSN # 1092-6194, Online ISSN 
# 1938-5307), the Southeastern Naturalist  (Print ISSN # 1528-7092, Online ISSN # 
1938-5412), and Caribbean Naturalist (ISSN # 2326-7119 [online]). Together these 
journals provide an integrated publishing and research resource for all of eastern main-
land North America and the offshore waters and islands from Canada south to the Ca-
ribbean region, as well as urban areas worldwide. 

♦ Available online in full-text version on the journal's website (www.eaglehill.us/urna). 
Arrangements for inclusion in the BioOne database (www.bioone.org, a collaborative 
effort of Allen Press, AIBS, et al.), EBSCOhost product line, and the Proquest Informa-
tion and Learning databases (www.il.proquest.com) are being pursued.

♦ May be ordered through any major subscription service. 

Cover Photograph: A small Unmanned Aircraft System (UAS) is used to document entanglement 
hazards in an(Pandion Haliaetus (Osprey) nest in Fort Collins, CO, USA. Photograph © James F. 
Dwyer. 



URBAN NATURALIST

Board of Editors
Myla Aronson, Rutgers University, New Brunswick, NJ, USA
Joscha Beninde, University of Trier, Trier, Germany
Andrea Larissa Boesing, Universidade Estadual de Londrina, Parana, Brazil
Sabina Caula, Universidad de Carabobo, Naguanagua, Venezuela
Sylvio Codella, Kean University, Union New Jersey, USA
Julie Craves, University of Michigan-Dearborn, Dearborn, MI, USA
Rebecca W. Dolan, Friesner Herbarium and the Center for Urban Ecology, Butler University, 

Indianapolis, IN
Ana Faggi, Universidad de Flores/CONICET, Buenos Aires, Argentina
Leonie Fischer, Technical University of Berlin, Berlin, Germany
Keith Goldfarb, GoldRush Science Services, Steuben, ME, USA ... Editor-in-Chief
Chad Johnson, Arizona State University, Glendale, AZ, USA
Kirsten Jung, University of Ulm, Ulm, Germany
Madhusudan Katti, North Carolina State University, Raliegh, NC, USA
Erik Kiviat, Hudsonia, Bard College, Annandale-on-Hudson, NY, USA
Sonja Knapp, Helmholtz Centre for Environmental Research–UFZ, Halle (Saale), Germany ... 

Managing Editor
David Krauss, City University of New York, New York, NY, USA
Mark Laska, Great Ecology, San Diego, CA, USA
Susannah Lerman, University of Massachusetts, Amherst, MA, USA
Zdenka Lososova, Masaryk University, Brno, Czechia
Joerg-Henner Lotze, Eagle Hill  Institute, Steuben, ME, USA ... Publisher
Kristi MacDonald, Hudsonia, Bard College, Annandale-on-Hudson, NY, USA
Ian MacGregor-Fors, Insituto de Ecología Mexico, Veracruz, Mexico
Tibor Magura, University of Debrecen, Debrecen, Hungary
Brooke Maslo, Rutgers University, New Brunswick, NJ, USA
Mark McDonnell, Royal Botanic Gardens Victoria and University of Melbourne, Melbourne, 

Australia
Mike McKinney, University of Tennessee, Knoxville, TN, USA
Mitchell Pavao-Zuckerman, University of Arizona, Tucson, Arizona, USA
Joseph Rachlin, Lehman College, City University of New York, New York, NY, USA
Travis Ryan, Center for Urban Ecology, Butler University, Indianapolis, IN, USA
Michael Strohbach, Technische Universität Braunschweig, Institute of Geoecology, Braunsch-

weig, Germany
Katalin Szlavecz, Johns Hopkins University, Baltimore, MD, USA
Paige Warren, University of Massachusetts, Amherst, MA, USA
Jill Weber, Eagle Hill Institute, Steuben, ME, USA ... Production Editor
Alan Yeakley, Portland State University, Portland, OR, USA
Iriana Zuria, Universidad Autónoma del Estado de Hidalgo, Hidalgo, Mexico

The Urban Naturalist (ISSN # 2328-8965) is published by the Eagle Hill Institute, PO Box 9, 59 Eagle Hill Road, Steuben, ME 
04680-0009. Phone 207-546-2821, FAX 207-546-3042. E-mail: office@eaglehill.us. Webpage: www.eaglehill.us/urna. Copyright 
© 2018, all rights reserved. Periodical postage paid in Steuben, ME and additional mailing offices. Special issue proposals are 
welcome. On-line secure subscription ordering: rate per year - $20 regular, $15 students, $80 organizations. Authors: submission 
guidelines are available at www.eaglehill.us/una. Co-published journals: The Northeastern Naturalist (ISSN 1092-6194 [print], 
ISSN 1938-5307 [online]), the Southeastern Naturalist (ISSN 1528-7092 [print], ISSN 1938-5412 [online]), and the Caribbean 
Naturalist (ISSN 2326-7119), journals with  separate Boards of Editors. The Eagle Hill Institute is a tax exempt 501(c)(3) nonprofit 
corporation of the State of Maine (Federal ID # 010379899). 



Urban Naturalist

1

J.F. Dwyer and M.C. Tincher
2018 No. 17URBAN NATURALIST2018 No. 17:1–6

Use of Small Unmanned Aircraft Systems (UAS) to Assess 
and Quantify Risk of Entanglement in Synthetic Baling 

Twine in Pandion haliaetus (Osprey) Nests

James F. Dwyer1,* and Michael C. Tincher2

Abstract - Pandion haliaetus (Osprey) incorporate anthropogenic litter into their nests. 
Collected material often includes baling twine, which can create entanglement hazards. Re-
moving baling twine from nests could alleviate entanglement hazards, but assessment of the 
presence of twine within nest cups is often impossible from below. To evaluate a new, po-
tentially useful technique to view nest contents, we used a small unmanned aircraft system 
to document the presence or absence of twine in 11 Osprey nests around Fort Collins, CO, 
USA. Prior to the nesting season, 4 nests included twine within the nest cup, and 8 included 
twine outside the nest cup. After the breeding season, 3 nests included twine within the nest 
cup, and 10 included twine outside the nest cup. People who use baling twine should collect 
and dispose of or recycle this material. 

Introduction

 Pandion haliaetus (L.) (Osprey) readily nest in or near human-dominated land-
scapes, including urban areas (Bierregaard et al. 2016). This behavior increases 
Osprey exposure to anthropogenic litter, which is regularly incorporated into the 
structure and lining of nests. Litter incorporated into nests includes beach toys, 
fishing line, nylon mesh, bait bags, paper, plastic bags, rope, and baling twine (Bi-
erregaard et al. 2016, Blem et al. 2002, Houston and Scott 2006). Baling twine is 
particularly hazardous because it is typically constructed of synthetic polypropylene 
fibers woven together to create a durable, UV-resistant, high-strength, non-elastic 
cord designed to resist wear and weathering in natural conditions (Seacor et al. 
2014). Once twine is wrapped around the talon, foot, or other appendage of a 
nestling Osprey, the strength of the material prevents breaking free, and the bird’s 
movements can increasingly constrict the baling twine around the animal.
 Incorporation of baling twine leads to regular entanglements and mortalities. For 
example, Blem et al. (2002) observed 12 baling-twine entanglements in 260 nests 
(5%) in Montana, USA. When possible, entangled birds were extricated, but at least 
5 entanglements resulted in mortalities. Also in Montana, Seacor et al. (2014) found 
4 of 120 nestlings (3%) entangled in baling twine. Two were extricated, and 2 died 
of injuries resulting from twine entanglement. In Saskatchewan, Canada, 9 of 77 
(12%) nestlings were entangled in baling twine (Houston and Scott 2006). All were 
extricated, but 2 nestlings likely died later of their injuries, and an adult Osprey was 
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found entangled and strangled by baling twine at another nest (Houston and Scott 
2006). These observations were made in relatively rural areas, but baling twine is 
so ubiquitous that it is also present in urban habitats. For example, baling twine 
is used as symbolic fencing to warn the public away from seabird and shorebird 
nesting colonies on public beaches near urban areas. In 2016, M.C. Tincher (un-
publ. data) removed 2 baling-twine–entangled nestling Osprey from nests around 
Fort Collins, CO, USA (Fig. 1A). The entanglement injuries were so severe (Fig. 
1B) that one of the birds was euthanized, and the other required long-term captivity 
and extensive rehabilitative care prior to release back to the wild. 

Figure 1. (A) A juvenile Pandion haliaetus (Osprey) entangled in baling twine incorporated 
into nesting material. (B) The necrotic foot of a juvenile Osprey euthanized following en-
tanglement in baling twine. (C) A DJI Mavic small UAS collecting imagery to document 
baling twine within the cup of an Osprey nest. (D) Multiple pieces of baling twine within 
an Osprey nest cup. (E) Baling twine present on de-energized electrical equipment below 
an Osprey nest. (F) Baling twine contacting energized equipment on a power pole adjacent 
to an Osprey nest. All images from Fort Collins and Loveland, CO, USA.
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 Baling twine is readily observed around the outside of Osprey nests, but that bal-
ing twine may not be the most likely to result in entanglement of nestlings, and thus 
may not be the best indicator of entanglement hazards. Presumably, baling twine 
within the nest cup is more likely to entangle nestling Osprey, but the presence 
of baling twine within the nest cup has been difficult to assess without physically 
climbing into nests or viewing nest contents from a manned aircraft. 
 Recently, the decreasing costs and increasing reliability of small unmanned 
aircraft systems (UAS, also known as drones) have enabled a wide variety of wild-
life conservation applications including counting colony-nesting birds (Hodgson 
et al. 2016), tracking radio-telemetered wildlife (Tremblay et al. 2017), installing 
markers to increase the visibility of power lines to flying birds (Lobermeier et al. 
2015), and surveying for raptor nests (Junda et al. 2015). We believed that a small 
UAS might also enable observation of baling twine within Osprey nests. To assess 
that hypothesis, we used a small UAS to check for the presence of baling twine in 
Osprey nests in and around Fort Collins. 

Field Site Description

 We conducted this study in the vicinity of Fort Collins, CO, from Wellington, 
CO, in the north, to Loveland, CO, in the south. At the time of our study, Fort Col-
lins was a city of 167,500 people in an area of 148 km2 accessible by nearly 900 km 
of roads (City of Fort Collins 2017), making the area decidedly urban. We visited 11 
Osprey nests. Ten nests were on supplemental platforms installed to redirect Osprey 
from nesting on nearby power poles. One nest was on a de-energized power pole. 
These nests were the only ones of which we were aware in and around Fort Collins, 
and included 2 nests with confirmed baling-twine entanglements of nesting Osprey 
in the previous (2016) nesting season, and 2 inactive Osprey-nest platforms.

Methods

 We surveyed nests on 18 February 2017, prior to the spring arrival of Osprey in 
our study area, and again on 9 September 2017, after Osprey dispersed from nest-
ing territories. This timing ensured that Osprey were not present at the nest sites 
during our surveys, and thus, that the operation of a small UAS near nest sites did 
not disrupt Osprey nesting or productivity in any way, though UAS can be used to 
monitor active raptor nests (Junda et al. 2015).
 At each nest, we recorded the nest substrate and we used a DJI Mavic (Dà-Jiāng 
Innovations Science and Technology Co., Ltd., Shenzen, China) small UAS to 
hover 1–3 m directly above the nest cup (Fig. 1C). We used the Mavic’s integrated 
12-MP camera to record multiple nadir and oblique images from above each nest, 
and to record images of nearby power poles. We used these images to identify 
whether any baling twine was present on the surface of the nest cup (Fig. 1D), 
which we defined as the concave surface of the interior of the nest. We also used 
these images to identify whether baling twine was present anywhere in or on the 
convex exterior of each nest (Fig. 1E), and on the nearest power pole to each nest 
(Fig. 1F). We also looked for Osprey carcasses in, on, and below each nest.



Urban Naturalist
J.F. Dwyer and M.C. Tincher

2018 No. 17

4

 This study was limited in scope, both in terms of numbers of nests viewed and 
in terms of surveys conducted at each nest. We report proportions of active nests in 
3 categories (baling twine present in the nest cup, baling twine present anywhere 
on the nest, and baling twine present on the nearest power pole) before and after 
the 2017 breeding season, but we do not report any additional statistics. Our data 
quantify baling-twine hazards in Osprey nests in the Fort Collins vicinity, and pro-
vides foundational data for longer-term documentation and mitigation.

Results

 We visited 11 Osprey nests before and after the 2017 breeding season. In Febru-
ary, prior to the 2017 breeding season, we found that 4 active nests included baling 
twine within the nest cup, 8 included baling twine outside the nest cup, and at 3 
nests, baling twine was present on the nearest power pole. Some nests included 
twine in multiple locations, creating a percentage total >100%. In September, after 
the 2017 breeding season, 3 active nests included baling twine within the nest cup, 
10 nests included baling twine outside the nest cup, and at 3 nests, baling twine was 
present on the nearest power pole. Some of these nests also included twine in mul-
tiple locations. The decrease from 4 to 3 nests with baling twine within the nest cup 
was due to the nesting-season placement by breeding Osprey of additional natural 
nest materials on top of the existing baling twine.

Discussion

 Most Osprey nests in the Fort Collins area incorporated baling twine. Baling 
twine in Osprey nests poses entanglement hazards which can be lethal (Blem et al. 
2002; Seacor et al. 2014; M.C. Tincher, unpubl. data). We suggest 3 methods to re-
duce entanglement hazards attributable to baling twine. Each of these methods may 
also be effective for limiting the negative impacts caused by fishing line in Osprey 
nests, and because baling twine, string, and fishing line also pose entanglement haz-
ards to other species (Doucet and Dewitte 2015, Townsend and Barker 2014), may 
also be broadly applicable to the conservation of a range of other urban-nesting birds. 
Baling twine can also cause power outages and pole fires; thus, these methods may 
also increase the reliability of overhead electric systems where Osprey are present.
 First, sources of baling twine, and other entanglement hazards like fishing line, 
should be removed from the environment as much as possible. Users of baling 
twine need to be educated to actively collect and appropriately recycle or dispose 
of waste materials, rather than leaving them as litter in the environment. Net wrap-
ping, a tightly woven mesh of plastic threads, replaces baling twine in some areas 
(Seacor et al. 2014), and because Osprey are also prone to collecting netting (M.C. 
Tincher, unpubl. data), net wrapping also should be collected and disposed of prop-
erly. These materials (baling twine and net wrapping) should not be used to attach 
sticks to platforms when nest platforms are constructed.
 Second, where feasible, resource managers and electric utilities should consider 
removing or cutting loops of baling twine in Osprey nests annually. Organizations 
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responsible for removing or cutting baling twine could be determined based 
on the ownership or origin of the nest substrate. For example, nests on natural 
substrates could be managed by natural resource agencies. Nests on anthropo-
genic substrates like nest platforms could be managed by the owners or erectors of 
those substrates. Cutting loops of baling twine may be more effective than removal 
because cutting is likely more time- and cost-efficient, and less likely to impact the 
overall structure of the nest within which baling twine is embedded. 
 Third, given the advances in small UAS techniques and technologies, it may 
be possible to equip a small UAS with a cutting tool to sever loops of baling twine 
(or other entanglement hazards). This practice could eliminate the need for hu-
mans to climb into the potentially dangerous elevated environments of Osprey 
nests to cut or remove loops of twine; thus, improving human safety and efficien-
cy. Given that UAS-based nest surveys can be conducted when nests are occupied 
(Junda et al. 2015), this approach may have some potential applications even 
within breeding seasons.
 Many Osprey nests, particularly those in urban areas, are constructed on plat-
forms specifically installed to reduce Osprey use of nearby electric power poles 
(APLIC 2006). In these cases, Osprey and electric utilities may both benefit from 
active baling-twine management programs because outages, equipment damage, 
and fires can occur when nesting material, including baling twine, contacts ener-
gized equipment (APLIC 2006). Contact between Osprey and energized equipment 
can also lead to electrocution of the birds themselves (Dwyer 2016, Harness and 
Wilson 2001, Henny et al. 2008). Proactively addressing concerns associated with 
Osprey use of baling twine associated with nests and the supporting and nearby 
power poles would help mitigate these concerns.
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