Polar Biology (2022) 45:1703-1714
https://doi.org/10.1007/s00300-022-03101-9

ORIGINAL PAPER q

Check for
updates

Surveying cliff-nesting seabirds with unoccupied aircraft systems
in the Gulf of Alaska

Amanda M. Bishop'® - Casey L. Brown'? - Katherine S. Christie3 - Arthur B. Kettle* - Gregory D. Larsen'" .
Heather M. Renner® - Lillie Younkins'

Received: 7 September 2022 / Revised: 28 October 2022 / Accepted: 8 November 2022 / Published online: 18 November 2022
© The Author(s) 2022

Abstract

Drones, or unoccupied aircraft systems (UAS), can transform the way scientific information on wildlife populations is col-
lected. UAS surveys produce accurate estimates of ground-nesting seabirds and a variety of waterbirds, but few studies have
examined the trade-offs of this methodology for counting cliff-nesting seabirds. In this study, we examined how different
UAS survey parameters might influence seabird counts for population monitoring and assessed behavioral responses to aerial
surveys for three sub-Arctic seabird taxa in the Gulf of Alaska: common murres (Uria aalge), black-legged kittiwakes (Rissa
tridactyla), and pelagic and double-crested cormorants (Phalacrocorax pelagicus and Phalacrocorax auritus). We flew two
commercially available models of UAS in planned approaches at different speeds and distances from colonies during incuba-
tion and chick-rearing periods. We compared counts from UAS-derived images with those from vessel-based photography
and assessed video recordings of individual birds’ behaviors for evidence of disturbance during UAS operations and control
phases. Count estimates from UAS images were similar to or higher than those from conventional vessel-based images, and
UAS were particularly effective at photographing birds at sites with high cliff walls or complex topography. We observed no
significant behavioral responses to the UAS by murres or cormorants, but we did observe flushing by black-legged kittiwakes
during UAS flights; most of these birds were not incubating or brooding. At both the colony and individual level, we observed
slightly greater responses to the smaller UAS platform and closer approaches. These results inform both species specific and
general best practices for research and recreational usage of UAS near cliff-nesting seabird colonies.
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Introduction

Scientists have embraced the use of drones, or unoccupied
aerial systems (UAS), to study wildlife as a potentially less
invasive, cost-effective alternative to some conventional
survey techniques (Anderson and Gaston 2013; Christie
Water and Environmental Research Center, Institute et al. 2016). In the past 10 years, there has been a dramatic
of Northern Engineering, University of Alaska Fairbanks, increase in the use of UAS to monitor population trends,
Fairbanks, AK 99775, USA . . .
assess spatial habitat use patterns, and to inform manage-
ment decisions related to endangered or harvested species
(Mustafa et al. 2018; Schofield et al. 2019; Johnston 2019;
i}gsé‘;;gpﬁgiem of Fish and Game, Anchorage, Ridge and Johnston 2020; Fust and Loos 2020; Corcoran
.y o . o . et al. 2021; Larsen et al. 2022). The growing use of UAS
Alaska Maritime National Wildlife Refuge, US Fish in wildlife science has required validation studies to test
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whether this technology can safely and effectively supple-
ment or replace existing techniques. These include assess-
ments of abundance estimates (Lyons et al. 2019; Hayes

Department of Biological Sciences, University of Alaska et al. 2021; McMahon 2021), as well as assessments of
Anchorage, Anchorage, AK 99508, USA ’ ’ ’

< Amanda M. Bishop
ambishop2 @alaska.edu

Oregon Department of Fish and Wildlife, La Grande,
OR 97850, USA

Marine Robotics and Remote Sensing Lab, Duke University,
Beaufort, NC 28516, USA

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00300-022-03101-9&domain=pdf

1704

Polar Biology (2022) 45:1703-1714

wildlife sensitivity to UAS platforms and best practices
(Bennitt et al. 2019; Weston et al. 2020). For many spe-
cies, UAS represent a new form of aerial disturbance that
can elicit as-yet uncharacterized species-specific responses
to different types of exposure (Smith et al. 2016). UAS
appear to cause less disturbance than conventional aircraft
or ground-based surveys for a range of species (Moreland
et al. 2015; Borrelle and Fletcher 2017; Sweeney et al. 2015;
Krause et al. 2021), but in some cases UAS appear to elicit
stress behaviors or physiological responses that may impact
breeding success and reduce fitness (Grémillet et al. 2012;
Ditmer et al. 2015; McEvoy et al. 2016; Smith et al. 2016;
Vas et al. 2015; Weimerskirch et al. 2018; Rush et al. 2018).
Furthermore, many incidents of wildlife harassment by rec-
reational UAS users have already been documented (Rebolo-
Ifran et al. 2019).

For a variety of waterbirds and ground-nesting seabirds,
studies have documented the use and trade-offs of UAS tech-
nology as a survey tool (Barnas et al. 2018; Reintsma et al.
2018; Weimerskirch et al. 2018; Magness et al. 2019; Ren-
ner et al. 2021; Krause et al. 2021). For example, compari-
sons between UAS and ground surveys of large bird colo-
nies suggest that UAS counts are accurate and often more
time- or cost-effective (Dunn et al. 2021; Renner et al. 2021).
Behavioral responses from ground-nesting bird colonies
varied from minimal observed responses (Sarda-Palomera
etal. 2017; Rush et al. 2018; Magness et al. 2019; Barr et al.
2020) to increased agitation with closer approaches from the
UAS (Riimmler et al. 2016; Valle and Scarton 2021; Krause
et al. 2021), with fewer responses among colonial species
(Weimerskirch et al. 2018).

Few studies to date have validated this technology as
a counting tool for cliff-nesting seabirds (e.g., Brisson-
Curadeau et al. 2017). Surveys of cliff-nesting seabirds
warrant a few key considerations that distinguish them
from waterbirds and ground-nesting bird colonies. For
ground-nesting birds and waterfowl, aerial surveys are
common and can reliably use nadir camera angles to pho-
tograph and count an entire colony, providing productivity
estimates, indices for monitoring trends, and total popu-
lation abundances (Dunn et al. 2021; Hayes et al. 2021).
In contrast, conventional surveys of cliff-nesting seabirds
have largely been conducted from boats or from over-
looking or adjacent cliffs (Bailey 1978; Byrd et al. 2008).
Due to the complex topography of these sites and limited
vantage points, views of portions of the colony may be
impaired using these approaches; however, this is often
addressed by counting index plots of “viewable” sections
of the cliff, which are assumed to be representative abun-
dance estimates for monitoring trends (Byrd et al. 2008).
Aerial surveys, specifically UAS surveys, for cliff-nesting
seabirds may increase the viewable portions of the cliff
for index counts or enable opportunities to quantify total
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population abundances from entire census counts. How-
ever, in contrast to ground-nesting birds and waterfowl,
this may require additional customized flight paths, flight
parameters, and UAS model selection to optimize coverage
of the complex vertical topography. The effects of these
modifications in UAS survey parameters (e.g., UAS size,
speed), and variation in responses across different stages
of the breeding season (Krause et al. 2021), are still poorly
understood for most bird species.

Here, we focused on three taxa of cliff-nesting seabirds
that are common in the Gulf of Alaska and Bering Sea and
are widely monitored. Black-legged kittiwakes (Rissa tri-
dactyla), common murres (Uria aalge), and pelagic and
double-crested cormorants (Phalacrocorax pelagicus and
Phalacrocorax auratus) spend the majority of the year
at sea, but nest on coastal cliffs in dense colonies during
the summer breeding season. We assessed counts of cliff-
nesting seabirds derived from UAS images, compared these
to estimates from conventional vessel-based photography,
and examined how the abundance estimates and behavioral
responses varied across UAS platforms, breeding stages, and
flight conditions.

Methods
Study site

The Alaska Maritime National Wildlife Refuge (Refuge)
comprises thousands of sub-Arctic islands that contain
breeding habitat for an estimated 40 million seabirds. This
study took place in the Gulf of Alaska Unit of the Refuge.
We surveyed black-legged kittiwakes and common murres
at the Beehive Islands in the Chiswell Island group (Fig. 1a).
The Beehive Islands consist of two small dome-shaped
islands: Beehive A (59.61° N, —149.61° W) and Beehive B
(59.61° N, —149.60° W). Clift-nesting seabird colonies on
these islands are predominantly on the southwest coastlines,
at< 10 to> 100 m above sea level (Fig. 1c, d). The Refuge
conducts boat-based counts to monitor four distinct cliff
segments (A-D) of black-legged kittiwakes on Beehive A
and one on Beehive B. Common murres form several large
aggregations on Beehive B, three of which were delineated
as plots for this study. We also selected a mixed colony of
pelagic cormorants and double-crested cormorants (hence-
forth grouped as “cormorants”) outside of the Refuge, on the
eastern coast of Cape Resurrection (59.88° N, —149.26° W,
Fig. 1a, b). We surveyed black-legged kittiwakes and com-
mon murres on June 15-21, 2021, during their incubation
period, and again on July 31-August 6, 2021, during the
chick-rearing period. We surveyed cormorants only during
the chick-rearing period from July 31 to August 6, 2021.
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Fig.1 Locations of study regions and surveys flown. A local map
(a) and a regional map (an inset) situate study sites (red, b—d) within
the Gulf of Alaska. Drone surveys were flow along pre-programmed
flight routes at 30 m (dashed yellow lines) or 60 m (dotted yellow
lines) horizontal proximity to cliff-nesting seabirds. Focal nesting

Survey design

All observations and surveys were conducted under Alaska
Department of Fish and Game scientific research permits
21-106 and 21-106-A1 and the University of Alaska Fair-
banks IACUC animal use protocol 1700151-3. Vessel-
based photographs of colony plots were taken using a
Canon EOS 40D DSLR camera with a 70-300-mm lens.
Photographs of each plot were taken twice per survey
day: at least 20 min before UAS flights and after comple-
tion of all UAS surveys. Images were taken from the boat

Cape Resurrection

Beehive B

sites (light blue lines) consisted of cormorants at Cape Resurrection
(b), black-legged kittiwakes at Beehive A (c), or black-legged Kkitti-
wakes and common murres at Beehive B (d). Background imagery
features an ocean basemap (Esri, GEBCO, DeLorme, NaturalVue, a)
or satellite imagery of the sites (Vivid, Maxar, b-d)

deck, while the vessel maintained a horizontal distance of
approximately 100 m from the center of each plot.

We flew two DJI (Da-Jiang Innovation, Shenzhen, Guang-
dong, China) models of UAS for the aerial surveys: the
larger Inspire 2 (diagonal: 60.5 cm excluding propellers;
3.3 kg) equipped with a gimbal-stabilized Zenmuse X5S
camera (M4/3” CMOS sensor, 20.8 MP) and the smaller
Mavic Air (diagonal: 21.3 cm; 0.43 kg) with integrated cam-
era (1/2.3" CMOS sensor, 12 MP). These quadcopter mod-
els were selected to represent large and small commercially
available UAS, respectively, and for their ease of operation,

@ Springer



1706

Polar Biology (2022) 45:1703-1714

high-quality cameras, and affordable prices, which make
them accessible to scientists and recreational users. Flight
plans were designed by generating waypoints at set dis-
tances away from the colony in ArcGIS Pro 2.6.1 and were
uploaded to UAS and piloted using DJI Ground Station Pro
on a mini tablet. Each flight plan was assigned a maximum
speed that was slow (2 m/s) or fast (8 m/s) and a distance
from the colony that was close (30 m horizontal buffer, 45 m
altitude) or far (60 m horizontal buffer, 75 m altitude). To
assess fine-scale behavioral responses and collect abundance
data while preventing potential adverse effects on fitness,
productivity, or chick-survival, we planned flight routes and
schedules within precautionary limits to avoid or minimize
flushing breeding birds. Adverse effects among other bird
species have been observed when UAS were flown directly
over the birds at altitudes <30 m (Brisson-Curadeau et al.
2017; Barnas et al. 2018; Reintsma et al. 2018; Weimer-
skirch et al. 2018), so we selected 30 m as our closest hori-
zontal distance from the cliffs. We flew every combination
of these three parameters—UAS model, maximum speed,
and distance from colony—at each colony in a randomized
sequence, for a total of eight surveys at each site during each
of the two periods.

UAS were flown under a combination of manual piloting
and automated flights along pre-programmed routes with
oversight by the UAS pilot. UAS were launched from the
boat under manual control after which the pilot initiated the
pre-programmed flight plan with the selected parameters of
maximum speed (slow or fast) and distance (close or far;
Fig. 1). Cameras were programmed to take photographs
every 2 s throughout each flight. During the automated
survey portion of the flight, the UAS platform remained in
motion, accelerating toward its maximum speed between
waypoints and decelerating to waypoints, without stopping
to hover. The UAS operator actively controlled the camera’s
pitch and yaw to try to maximize coverage of focal plots in
each photosequence. Camera settings varied between sur-
veys and were recorded in the metadata of each photograph.
Following mission completion, the UAS was manually flown
back to the vessel. To minimize potential cumulative effects
of UAS exposure on bird behavior at each colony, consecu-
tive flights within a day were spaced apart by a minimum of
40 min, with a maximum exposure of 4 flights per colony
per day. Additionally, survey days were spaced apart by at
least 3 days.

UAS survey assessments consisted of three monitoring
phases for analysis: 10 min before take-off (PRE), the dura-
tion of each UAS flight, including take-off, approach to the
survey route, survey route, return to vessel, and landing
(DURING) and 10 min after landing (POST). The duration
of the DURING phase varied depending on site and flight
parameters (range: 3—15 min). The distance from the vessel
to the colony during UAS operations ranged 122—-889 m.
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Abundance estimates

We evaluated UAS- and vessel-based images of plots,
and for each set we selected the image with the greatest
clarity for conducting counts (Online Resource 1). Taxa
were identified by location, size, shape, and color of indi-
viduals. Initially, a representative UAS and boat survey
photo from each plot was counted independently by two
experienced observers to assess inter-observer variances.
In each plot image, observers manually counted all birds,
regardless of their incubating/brooding behavior, on a
desktop computer using ArcGIS Pro. Individual birds
were marked with points to avoid double-counting, and
total counts were derived from the shapefile attributes.
Additional images along the survey path were occasion-
ally used to assist in resolving cases of uncertainty of a
plot’s count due to UAS positioning, image quality, or
topography. In cases where agreement between observ-
ers varied by > 20%, re-evaluation of the images revealed
that the discrepancies were the result of unclear plot
boundaries. Following clarification, agreement between
observers’ counts was consistent (range: 2—10%), and
the remainder of the images were assigned randomly to
one of the two observers and counts were conducted as
described above.

We used mixed-effects Poisson models (O’Hara and
Kotze 2010) to test whether the vessel-based and UAS
counts were different. Fixed effects included survey type
(boat or UAS) and Plot ID was included as a random effect
to account for the spatial arrangement of plots within each
study site. Because our cormorant surveys only included
one plot, we used a generalized linear model with a Poisson
distribution. We used Levene’s tests to assess the equality of
variances between the boat and UAS counts. We paired each
count from a UAS image with a boat-based image count that
was closest in time to calculate the difference (count differ-
ence) between methods. If the count difference was positive,
there were more birds counted in the UAS images than in the
conventional boat counts. If the count difference was nega-
tive, there were fewer birds counted from the UAS image
than by the conventional boat counts. If count difference
was zero or near zero, the counts were similar. We examined
three linear mixed-effects models per taxa to test whether the
magnitude of the count difference was associated with (1)
UAS model, (2) maximum speed of survey, and (3) distance
to plot. Plot ID was included as a random effect. Survey
design limitations precluded us from exploring interaction
terms in these models.

Behavioral responses

At each plot, a group of 12-20 birds were video recorded
from the vessel using a Panasonic HC-V180 HD 90 X camera,
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during each of the survey phases. Groups were selected to
be representative of the plot composition: for black-legged
kittiwakes we chose 12-20 adjacent nests and for cormo-
rants and common murres, clusters of 12—-20 individuals
were selected. We also recorded the time of any colony-
level responses (> 10 birds flushing), noting whether the
birds included attending (e.g., incubating or brooding) or
only non-attending individuals, the general location of the
flush in the colony relative to the UAS; and duration of the
flush. For analysis of individual-level behavioral responses,
we generated an ethogram (Table 1) to characterize mutu-
ally exclusive and broad behavioral categories, including
response behaviors that may indicate disturbance by UAS
exposure. A primary observer was trained to identify behav-
iors using example footage and consultation with experts.
Video analysis consisted of instantaneous scan sampling
(Altmann 1974) at 10-s intervals, maintaining a consist-
ent order in which each individual bird’s behaviors were
recorded and yielding 23-35 min of observation per bird
per UAS flight. This interval was selected to maximize our
capture of short-duration behaviors while balancing pro-
cessing times (Altmann 1974). Activity budgets were then
calculated from the scan samples (60 scans per bird in PRE,
8-90 scans per bird in DURING, 60 scans per bird in POST)
to separately quantify the proportion of time each bird spent
in the discrete behavioral categories during each of the three
monitoring phases.

To test whether the percentage of time spent in a response
behavior changed across UAS monitoring phases, we used
non-parametric, repeated measures Friedman tests. Prior to
analysis, if more than 50% of the observations in a UAS
phase were classified as outside the camera view due to
camera shift, boating operations, or other technical issue

(Table 1) that animal’s activity budget and all associated
data of that individual were removed to avoid bias and meet
repeated measures assumptions (Shannon et al. 2008; Chal-
lender et al. 2012; Bishop et al. 2015). We ran 40 tests, sepa-
rately assessing whether activity budgets varied across mon-
itoring phases within each combination of taxon, breeding
stage, and combination of flight parameters. For any findings
of significant results, we used a post hoc Sign test with Bon-
ferroni corrections to examine differences.

RESULTS
Abundance estimates

UAS-based counts were on average higher than vessel-based
counts for cormorants (Z,, =2.2, p=0.02) and black-legged
kittiwakes (t,)3=2.9, p=0.004; Table 2). At one site (Plot
D) mean kittiwake counts from UAS imagery were approx-
imately 30% higher than those from boat-based imagery
(Table 2). On average, there was no significant difference
between vessel- and UAS-based counts of common murres
(t;7=0.29, p=0.77). Variance in counts from both UAS- and
boat-based images were similar for black-legged kittiwakes
(F=1.52, p=0.22), common murres (F=0.08, p=0.78),
and cormorants (F=0.001, p=0.97).

There were no significant differences between counts
from the two UAS models for black-legged kittiwakes
(;(2 =-0.68, p=0.50), common murres (;(2 =-1.17,
p=0.23), or cormorants (F=1.6, p=0.22). Additionally,
we found no significant differences between counts from
flights with different max speeds for black-legged kittiwakes
(;(2 =0.97, p=0.33), common murres (;(2 =-1.04,p=0.29),

Table 1 Ethogram used to analyze videos recorded before, during, and after UAS operations

Behavior Description

Taxa considered

FL*: Flushing
R: Resting

Bird takes flight

wing. Can be standing or sitting
RA: Resting alert
A*: Alert

Bird’s eyes are closed, head and beak pointed toward the tail unmoving, and beak under

Bird is sitting on nesting material, or at nest-site, head up
Bird is standing stationary, head raised, eyes open, and neck extended. Can be scanning

BLKI, COMU, CORM
BLKI, COMU, CORM

BLKI, CORM
BLKI, COMU, CORM

back and forth. Combination of ‘alert shifting” and ‘alert standing’ behaviors

AHB¥*: Alert head bobbing
PR: Preening

CI: Chick interaction
feeding chick behavior

OSP*: Out of sight post-flush Bird is absent from video frame (flush/flight behavior may not have been scanned)

OSC: Outside camera view
issue

Bird is bobbing head up and down actively, expert identified as pre-flushing behavior
Bird rubs beak back and forth through feathers, shakes out wings and tail feathers
Bird's head is pointed toward chick, transferring fish or touching beak to beak. Includes

Bird is absent from frame due to camera shift, boating operations or other technical

COMU
BLKI, COMU, CORM
BLKI, CORM

BLKI, COMU, CORM
BLKI, COMU, CORM

Response behaviors are indicated by *

Behaviors were quantified, as relevant, for individual common murres (COMU), black-legged kittiwakes (BLKI), and cormorants (CORM) by

instantaneous scan sampling at 10-s intervals
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Table2 Mean count and standard deviation (SD) of each nesting
plot from either photographic survey type (boat or UAS) for black-
legged kittiwakes (BLKI), common murres (COMU), and cormorants
(CORM)

Taxa Plot Survey type Mean count SD
BLKI A Boat 110.3 18.6
UAS 109.1 20.1
B Boat 40.7 6.8
UAS 41.2 8.7
C Boat 130.1 19.3
UAS 137.3 194
D Boat 115.2 223
UAS 153.6 26.8
COMU A Boat 74.5 9.1
UAS 70.7 18.5
B Boat 63.2 8.9
UAS 62.5 17.8
C Boat 33.1 12.8
UAS 40.3 9.5
CORM A Boat 50.8 12.8
UAS 59.7 12.2

or cormorants (F=0.07, p=0.79). Common murre and cor-
morant counts were highest when the UAS surveyed closer
to the colony, resulting in the greatest positive count dif-
ferences (murres: )(2 =5.7, p=0.02; cormorants: FF=3.4,
p=0.04, Fig. 2). Counts did not differ significantly between
distances for black-legged kittiwakes (*=3.0, p=0.08).

Colony-wide behavioral responses

Colony-wide behavioral responses varied by taxa and across
breeding periods. We observed no flushes among common
murres or cormorants. We observed four cases where > 10
attending black-legged kittiwakes flushed during UAS opera-
tions (Table 3). In two of these cases, attending birds flushed
near the beginning of the survey flight. During incubation, a
large group of attending birds (> 50) approximately 300 m
away, at the south end of the Beehive A, flushed 4 min after
take-off, when the UAS was at the NW start of the survey
route for the small UAS flight on a slow and close flight
plan. A bald eagle was spotted near the colony before the
subsequent survey (approximately 40 min later), which
caused flushing behaviors while the UAS was not in opera-
tion. The second flush occurred during chick rearing at Bee-
hive A seconds after the larger UAS was launched from the
vessel at 185 m from shore. We paused the flight in mid-air
at the vessel location until all birds returned to their nests
(<60 s), and no flushing occurred during the remainder
of the flight. The other two cases in which attending birds
flushed occurred after the survey route was completed, as
the UAS was in route back toward the vessel. First, during
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incubation, after the smaller UAS finished the fast and close
survey route, a small flush of 10-20 attending birds occurred
near the south end of the Beehive A. The other instance
occurred during chick rearing at Beehive B: approximately
50 attending black-legged kittiwakes flushed after the end of
the fast and close survey route using the smaller UAS. All
birds returned to their nests within 30 s. We also observed
flushes of non-attending black-legged kittiwakes, typically
among individuals positioned nearest the waterline within
the colony, on six occasions during the incubation period
(Table 3). In all cases, most birds returned to the colony
within 60 s.

Individual behavioral responses

For individual-level behavioral observations, removing cases
where individuals were outside of the camera view for the
majority of the scan yielded final sample sizes of 8—16 indi-
viduals with repeated observations, depending on the flight
(Online Resource 2). Behavioral states of flushing (all taxa)
and ‘alert head bobbing’ (common murres only) were not
observed during scan samples; so only changes in time spent
‘alert’ and ‘out of sight post-flush’ (OSP) were compared
across UAS operation phases.

For black-legged kittiwakes, in 6 of the 16 flights sig-
nificant differences were detected in the percentage of
time spent in response behaviors among PRE, DURING,
and POST phases (Online Resource 3); however only two
of these flights—one in incubation and one during chick
rearing—were associated with predicted responses to UAS
operations (Figs. 3 and 4). During incubation, we observed
that birds spent more time OSP in the DURING (post hoc
Sign test, p=0.013) and POST phases (post hoc Sign test
p=0.013) compared to the PRE phase for the slow and
close, small UAS flight (Fig. 3, Friedman test)(z(Z) =21.88,
p=<0.0001, n=16). Likewise, during chick rearing, birds
spent a greater amount of time OSP in the DURING phase
than in the PRE (post hoc Sign test, p=0.003) or POST
phases (post hoc Sign test, p =0.003) for the fast and close,
large UAS flight (Fig. 4).

The other four flights in which there were significant dif-
ferences in activity budgets for black-legged kittiwakes were
not consistent with predicted responses to UAS exposure
(Online Resource 4). In one case, birds were more alert in
the PRE phase than in the DURING (post hoc Sign test,
p=0.013) or POST phases (post hoc Sign test p=0.013)
for the slow and close small UAS flight during incubation
(Fig. 3, Friedman test;(2(2) =13.62,p=<0.0011, n=16). In
the other three cases, we observed significant differences in
activity budgets for black-legged kittiwakes when comparing
the two control phases (e.g., more alert during the PRE than
POST phase; Online Resource 4).
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Fig.2 Differences in UAS survey counts relative to boat-based green) of 30 m or 60 m horizontal proximity, respectively. Value of
counts (count diff) for common murres (Uria aalge) and pelagic and zero indicates counts from UAS and vessels were the same, positive
double-crested cormorants (Phalacrocorax pelagicus and Phalacro- values indicate greater counts from UAS, and negative values indicate
corax auratus; cormorants) at defined nesting plots using photogra- greater counts from vessel-based images

phy collected at close distances (light green) and far distances (dark

Table 3 Colony-wide responses of black-legged kittiwakes (Rissa tridactyla) to each combination of UAS flight conditions, by breeding season
period

Large Small Small Large Small Small Large Large
UAS UAS UAS UAS UAS UAS UAS UAS
8m/s 8m/s 2m/s 2mis 2m/s 8m/s 8m/s 2m/s
60m 60m 30m 60m 60m 30m 30m 30m

Attendin,
Incubation ending

Non-Attending

Attending

Chick-
Rearing Non-Attending

Observed responses included a flush of attending birds (green) or a flush of non-attending birds (gray) at Beehive A and/or Beehive B. The
response of non-attending birds to the Large UAS, 8 m/s, 30 m flight during incubation includes two separate flushes, one at Beehive A and one
at Beehive B. No flushing was observed among common murres or cormorants

Large UAS DIJI Inspire2, Small UAS DIJI Mavic Air

Individual behavioral responses for common murres  time OSP in DURING and POST phases relative to PRE
and cormorants were minimal (Online Resource 3; Fig. 3).  phase for the fast and close, large UAS flight (Friedman
For cormorants, birds exhibited an increased amount of Test: ;(2:7.68, p=0.02, n=16), but post hoc Sign tests
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Fig. 3 Individual behavioral
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suggested these differences were not significant (p =0.375
and p=0.188). The additional differences detected for cor-
morants and the single significant difference for common
murres were all associated with comparisons between con-
trols (PRE and POST phases) and not with UAS operations
(DURING phase; Online Resource 4).
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Discussion

Effective conservation and management of wildlife
depends on the ability to monitor trends in abundance.
Given their ability to access remote or dangerous loca-
tions, UAS are valuable tools for resource managers to
survey wildlife and accurately count populations. This
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study demonstrates the utility, precision, and replicability
of using UAS for seabird counts at cliff-based colonies.

Abundance estimates

Standardized counts of cliff-nesting seabirds have been con-
ducted on the Alaska Maritime National Wildlife Refuge and
elsewhere in Alaska since the early 1970’s at a broad net-
work of monitoring sites. Surveyors conduct in-field counts
of adults and, when present, nests at viewable sections of the
cliff from vessels or ground-based vantage points. Depend-
ing on the species, trends are monitored from sub-sampling
the colony at predetermined index plots or from a census
by full circumnavigation of islands. Our study demonstrates
that at sites with high cliff walls or complex topography,
UAS-based and vessel-based photography provide compa-
rable assessments of cliff-nesting seabird abundances and
in some cases increased viewability. Relative to the images
from the vessel, the multicopter UASs maximized available
positions and lines of sight to capture photos of colonies
in scenarios when viewsheds would otherwise be fully or
partially obstructed from views at sea level. For example,
Plot D from the black-legged kittiwake surveys comprises
complex topography, and counts from UAS images consist-
ently identified more birds at this site than did those from
vessel-based photography. For sites near the waterline with
overhanging rocks that obscure views of birds from above,
vessel-based counts may perform better than UAS counts.
Notably, photography collected from UAS provides records
of the survey with ancillary data (e.g., nesting habitat, struc-
ture, and positions) that is not typically obtained by conven-
tional vessel-based images or counts. Our approach to post
hoc processing of images was time consuming, but promis-
ing advances in machine learning and computer vision may
expedite such processes (McClelland et al. 2016; Rush et al.
2018; Hayes et al. 2021).

The flight parameters of maximum speed and UAS model
had minimal impacts on the abundance estimates; however,
flights close to colonies (30 m horizontal proximity) yielded
significantly higher counts of common murres and cormo-
rants. Compared to the black-legged kittiwakes, these two
taxa do not contrast as highly with the background cliff faces
(Online Resource 1); therefore, the higher counts may be due
to the closer images providing greater details to differentiate
individual birds from shadows. These results confirm previ-
ous findings that small inexpensive multicopter UAS could
accurately survey the number of breeding birds and that
flights at closer distances yielded higher abundance counts
(Brisson-Curadeau et al. 2017).

We also detected both nests and chicks of black-legged
kittiwakes and cormorants in the UAS-derived images. For
common murres, we could not confirm absence or presence
of chicks due to body positioning. We did not include these

data in our analysis because it was difficult to obtain similar
images from our vessel-based surveys for statistical com-
parisons. However, we do believe that this technology can
facilitate assessments of nesting success.

Behavioral responses

Behavioral responses to the UAS flights were species and
context specific. We found little to no evidence of colony
or individual behavioral responses to UAS surveys for com-
mon murres and cormorants; however, black-legged kitti-
wakes exhibited both colony-wide flushing behaviors and
individual variation in activity budgets during UAS flights
relative to control phases. Kittiwake flushing events occurred
most commonly among non-incubating birds that perched
close to the waterline. Incubating adults’ fidelity to their
nests constrains their behavioral responses (Gilchrist 1999),
which likely explains this pattern of non-incubating adults
being comparatively more responsive. This result aligns with
past studies of reproductive state and wildlife responses to
UAS flights (Brisson-Curadeau et al. 2017; Mulero-Pazmény
et al. 2017; Weimerskirch et al. 2018). While behaviorally
constrained, nesting adults may still exhibit physiologi-
cal responses to UAS exposure (Weimerskirch et al. 2018;
Krause et al. 2021). The population consequences of flush-
ing can be quantified relatively easily, for example, as the
number of chicks or eggs lost (Brisson-Curadeau et al.
2017), however, the impacts of non-lethal physiological or
fine-scale changes in behaviors, such as time spent alert, still
warrants further research.

The Alaska Maritime National Wildlife Refuge pro-
tocol specifies that counts are timed to coincide with the
period of the nesting season spanning mid-incubation to
early chick rearing, when attendance is least variable (Byrd
20006). In a study examining the response of chinstrap pen-
guins (Pygoscelis antarcticus) to UAS flights, nest defense
behavior increased as the breeding season progressed and
adults actively guarded their chicks from aerial predators
(Krause et al. 2021). Similarly, in the present study, birds
exhibited less flight behavior during the chick-rearing
period. Bald eagles, an aerial predator of black-legged kit-
tiwakes, were not visibly present during our UAS flights, but
we observed one agitating and disturbing the black-legged
kittiwake colony at Beehive A during the first day of sur-
veys in the incubation period, which may have contributed
to the disturbance of non-attending birds during the early
surveys. The presence of aerial predators, colony size, and
conspecific proximity has all been suggested as potential
contributing factors that affect seabird responses to UAS
(Mulero-Pazmany et al. 2017; Brisson-Curadeau et al. 2017,
Weimerskirch et al. 2018). Together, these studies and our
findings emphasize the importance of considering the
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contextual factors associated with behavioral responses to
UAS when developing protocols, timing of surveys, guide-
lines, and recommendations.

In addition to intrinsic factors impacting birds’ responses
to UAS surveys, we explored how disturbance was linked
to three flight parameters of interest. Nesting black-legged
kittiwakes appeared to flush only during closer surveys
(30 m horizontal proximity). However, we are cautious in
interpreting this UAS distance as a causal factor because in
one case the flushes occurred just after take-off when the
UAS was still > 100 m from the island, and in two cases the
flushes occurred as the UAS was returning to the vessel.
Still, prior work has found that distance of aircraft strongly
determines flush responses across a range of species, with
higher incidence of response for approaches closer than
30 m (Riimmler et al. 2016; Fuller et al. 2018; Krause et al.
2021; Valle and Scarton 2021) and for vertical approaches
relative to horizontal ones (Vas et al. 2015, Riimmler et al.
2016). We selected conservative treatments of flight distance
to avoid mass flushing events and based our closest approach
on these prior studies as a threshold that minimized distur-
bances (Barnas et al. 2018; Brisson-Curadeau et al. 2017,
Reintsma et al. 2018; Weimerskirch et al. 2018). Therefore,
it is unsurprising that we observed minimal effect of flight
distance on disturbances for this species.

Our study suggests that the smaller UAS (Mavic Air) elic-
ited a stronger behavioral response than that of the larger
(Inspire) model. The Mavic was in flight during 4 of the 6
observed cases of flushing by non-incubating birds and in
1 of the 2 flushes of incubating birds that were consistent
with a clear response to UAS. Interestingly, reviews of the
use of UAS surveys in wildlife monitoring have suggested
that larger UAS models produce greater responses, likely as
a function of both perceived risk and detection from visual
stimuli (Stankowich and Blumstein 2005; Mulero-Pazmany
et al. 2017). UAS noise relative to ambient soundscape may
also indicate likely disturbance (Arona et al. 2018), with
responses expected only from sounds louder than back-
ground noise. However, larger models may allow birds to
visually or acoustically detect the UAS from farther away,
while smaller platforms like the Mavic Air may approach
closer before detection and thus elicit stronger startle
effects. This disturbance response is commonly observed
for hauled out harbor seals (Phoca vitulina), who respond
more strongly to non-motorized vessels than to motorized
vessels due to seals being taken by ‘surprise’ by the slow,
quiet profiles (Henry & Hammill 2001; Cates and Acevedo-
Gutiérrez 2017). Further work testing seabird responses to
varying acoustic and visual UAS profiles may help identify
what signals may be driving observed behaviors and how to
best mitigate any adverse responses.

All of our flights were conducted between 0800 and 1400.
There was a slight indication of greater responses to the last
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two flights of the day. This pattern may be due to diel influ-
ence on behaviors and reactivity (Daunt et al. 2002), other
environmental factors (e.g., wind direction and speed), or it
could indicate a cumulative impact of multiple, consecutive
flights. We provided a minimum of 40 min between surveys
at a colony, but habituation or sensitivity to repeated UAS
exposures requires further investigation. Colonies surveyed
in this study were southwest facing, so early morning sur-
veys facilitated photography with less glare, fewer shadows,
and lower variation in light levels across the survey region;
therefore, while the time-of-day effect on bird behavior
remains unclear, there are benefits to planning surveys to
maximize optimal light conditions for photography.

Conclusion

We observed minimal disturbance in response to UAS expo-
sure, but highlight variability in bird responses and count
estimates depending on species and breeding stage, which
managers should consider when designing future UAS
flights. For the species investigated in this study, our find-
ings on the UAS models, approach distances, and speeds that
maximize counts and maintain little disturbance can be used
by managers to develop protocols and robust survey designs
that complement or replace conventional vessel-based sur-
veys or enable novel explorations. Specifically, we found that
both the Mavic Air and the Inspire 2 provided similar assess-
ments of counts across a range of flight parameters, but the
smaller, cheaper Mavic Air was associated with more behav-
ioral responses from the black-legged kittiwakes. Addition-
ally, while closer flights marginally improved counts for
common murres and cormorants, they were also associ-
ated with more disturbance among black-legged kittiwakes.
Flushing can result in egg loss and population-level impacts,
so the variability in responses observed here and in other
studies suggests that managers considering this technology
for novel species or contexts (e.g., colonies with differing
sizes or composition) should validate choices of UAS model
and flight conditions to achieve high data quality and low
animal disturbance before adopting a surveillance protocol.
Operators in both recreational and research scenarios should
give special attention to in situ conditions, particularly the
presence of predators and overall colony behaviors, and
should adapt protocols or refrain from surveying when agi-
tation levels are likely elevated.

Finally, additional studies are needed to understand pos-
sible cumulative effects of repeated UAS exposure on sea-
bird colonies and other wildlife. Our approach incorporated
within- and between-day breaks amid consecutive UAS
flights at each colony, but the efficacy of these thresholds
at reducing individual- and population-level consequences
is unknown. If, in a practical scenario, a single day and
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flight is used to survey a colony, then cumulative impacts
are unlikely to produce population consequences. However,
even low-disturbance non-lethal activities, if persistent, can
have cumulative effects on some wildlife species (Cecchetti
et al. 2018; Mandl 2020; Burnham et al. 2021).

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00300-022-03101-9.
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