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The Short-eared Owl (Asio flammeus) is a globally
distributed species occurring on almost all continents,
with populations found in various combinations of
temperate, tropical, continental, and island systems
(Holt et al. 1999). In North America and Europe,
Short-eared Owls are highly vagrant and nomadic,
showing little to no recurring seasonal or annual site
fidelity (Johnson et al. 2017, Miller et al. 2022). These
populations are suspected to have declined over the
last two decades (Booms et al. 2014).

Island-endemic subspecies of Short-eared Owls,
such as the pueo (Hawaiian Short-eared Owl; Asio flam-
meus sandwichensis) in the Hawaiian Islands may exhibit
higher site fidelity than their continental counterparts.
Due to suspected population declines, the pueo is state-
listed as endangered on the island of O‘ahu (Depart-
ment of Land and Natural Resources 2005) and was
recently classified as a Bird of Conservation Concern
by the US Fish and Wildlife Service (USFWS 2021). Lit-
tle published information currently exists about the
biology and ecology of this emblematic ground-nesting
raptor in the Hawaiian Islands; for instance, to date, we
do not have a good understanding of how pueo use
multiple habitats and different islands seasonally. Spe-
cifically, we do not know if pueo remain within the
boundaries of a single island, or if they regularly move
among multiple islands.

We documented the events described as part of
a larger study on the movement ecology of the pueo

during breeding and nonbreeding seasons, in which
we tagged individuals with battery-powered GPS-VHF
tracking devices. We also investigated the owl’s breed-
ing ecology on the island of O‘ahu, Hawai‘i, USA
(Garcia-Heras et al. 2022a, 2022b, Wang 2022). This
aspect of the study was focused on military-managed
land operated by the Joint Base Pearl Harbor-Hickam
(JBPHH) at the Lualualei Annex site (JBPHH-LLL)
on the leeward side of the island (Fig. 1). Most field-
work effort occurred within the managed grassland
fields of the JBPHH-LLL, as this was where pueo
hunted and nested in previous years (n ¼12 nests for
the period 2019–2022). As the field and nesting sea-
son progressed, some (n ¼ 2 out of 4) of the tagged
pueo left the JBPHH-LLL. Consequently, we transi-
tioned to driving throughout the island to detect the
birds. Although we here describe movements of a
single individual, the paucity of anecdotal and pub-
lished data on this subspecies makes this observation
notable for informing future research and conserva-
tion of the pueo in the Hawaiian archipelago.

On 12 February 2021, we found an incubating
adult female pueo with six eggs in one of the grassland
fields of the JBPHH-LLL (Fig. 2, 3). We continued to
monitor this nest throughout the season until fledg-
ing of the young. On 18 March 2021, we found three
young (,10 d old) within 9 m of the nest, and we
later observed regular prey deliveries by the pueo pair
to the young in the grasslands, 20–250 m from the
nest. On 16 April 2021, the pueo young had moved to
adjacent scrub and nonnative kiawe (Prosopis pallida)
wooded area with tall grasses, located about 300 m
from the nest (Fig. 2b); observers heard at least two
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pueo young begging for food while a third flew
nearby. On 5 May 2021 at sunset, we set a dho gaza
net near the latter area, with a stuffed pueo as a
decoy, and we sporadically broadcast pueo calls.
Within a few minutes, we captured an adult female
pueo, while the three fledglings circled 2–3 m above
our heads, alarm-calling.

We banded the adult female with a US Geological
Survey band and an alphanumeric colored visual iden-
tification band. We made standard measurements and
fitted her with a battery-powered Lotek GPS-VHF-120
Pinpoint transmitter secured with a Teflon-ribbon
backpack harness. The total weight of all external
accessories was approximately 9 g. The tracking device
was programmed to collect one location every 5 hr,
covering all times of the day within a 4-wk period.
Although team members needed to be within 100–
1000 m of the tagged bird to download the data, the
signal of the GPS-VHF transmitter could usually be
detected within 3–5 km using a Yagi antenna and a Pin-
point Commander receiver. We followed this pueo for
211 d until 2 December 2021, with 977 locations suit-
able for data analyses (only Horizontal Dilution of Pre-
cision,5 were retained).

During 5–26 May 2021, we observed the tagged
pueo hunting in the grassland fields of the JBPHH-LLL
where she was captured, and saw it perched in the adja-
cent scrub and kiawe wooded habitat (Fig. 2b). At least

two of her fledglings were also observed nearby over
that period of time. Starting on 27 May 2021, the owl’s
location data points were within a few m of each other.
Because an accumulation of locations can suggest mor-
tality or a lost device, on 8 June 2021 we walked toward
the centroid of the locations in the grassland, adjacent
to where she was originally captured. We found the
pueo incubating a single egg at a second newly built
nest (Fig. 2b, 3), located only 180 m from her success-
ful first nest we had found 104 d earlier.

Although there is a slight chance that we caught
and tagged a female who was not the parent of the
fledged pueo, all our observations and data strongly
suggested that this tagged incubating female was
indeed the same adult female that had already nested
in February and successfully fledged at least three
young at the end of April/beginning of May. The initi-
ation of a second clutch shortly after a first failed
breeding attempt is not uncommon in raptors and has
recently been documented in continental Short-eared
Owls from the Netherlands (Kleefstra et al. 2023).
However, starting a second clutch after a first success-
ful one appears rare; Calladine et al. (2024) also
briefly described a GPS-tagged female Short-eared
Owl that may have bred twice in the same year, first in
Scotland in April 2018 (where nestlings hatched in
April/May), and again in Norway in June 2018 (nest
fate unknown). To our knowledge, our sighting would

Figure 1. Hawaiian archipelago and study site location at Joint Base Pearl Harbor-Hickam Lualualei Annex site on the
island of O‘ahu, Hawai‘i, USA. The Joint Base Pearl Harbor-Hickam—Main base is also shown as reference.
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thus be the second worldwide observation to docu-
ment a Short-eared Owl’s second clutch after a first
successful one during the same breeding season.

During 8–20 June 2021, this pueo continued to
incubate her egg without showing any abnormal
behavior. During 20–23 June 2021, she used the adja-
cent scrub and kiawe wooded area more and spent less
time at her nest (Fig. 2a, b), until she eventually left
JBPHH-LLL and never returned. On 24 June 2021,

observers checked the nest and found the single
unhatched and abandoned egg. Although the reason
for this nest abandonment was unknown, the weather
conditions had become very dry and hot at the begin-
ning of June (M.-S. Garcia-Heras and M. Price unpubl.
data; https://weatherspark.com/h/d/139/2021/06/
24/Historical-Weather), perhaps reducing food
resources and driving the female pueo to stop incubat-
ing and leave the area.

Figure 2. Movement patterns of the adult female pueo captured (white star, panel b) on 5 May 2021 and tagged with
a GPS-VHF device at Joint Base Pearl Harbor-Hickam Lualualei Annex site on the island of O‘ahu, Hawai‘i, USA.
(a) Movements of this female within the JBPHH-LLL from 5 May to 23 June 2021, including the location of her first
nest (white diamond). (b) Enlarged image of the same period of time, showing the location of the second nest (dark
circle), and the general scrub and kiawe wooded area where at least two pueo young were heard begging for food and
where one pueo chick was observed flying nearby (oval). (c) Overall movements of this female from 5 May to 2
December 2021. After she left the JBPHH-LLL on 23 June 2021, most of her locations were at and near the Joint Base
Pearl Harbor-Hickam—Main base (JBPHH-Main), except for a 4-d interisland excursion trip to the neighboring island
of Moloka‘i, from 30 October to 3 November 2021. The lines represent the movement paths of the tagged pueo and the
dots represent the GPS locations of the pueo from high (Horizontal Dilution of Precision , 5) accuracies.
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From 24 June to 2 December 2021, the tagged pueo
spent most of her time within a 112 km2 area in and
nearby the Joint Base Pearl Harbor-Hickam—Main
base (JBPHH-Main), which is located approximately
14 km away from the JBPHH-LLL (Fig. 2c). There,
she mostly used wooded patches composed of scrub
and kiawe during the day (likely roosting) and sur-
rounding agricultural fields and urban areas at night
(likely hunting). Interestingly, her telemetry data
revealed that between 30 October 2021 at 2000 H and
31 October 2021 at 0100 H, this female pueo flew to
the neighboring island of Moloka‘i, about 70 km away
(Fig. 2c). There she spent most of her time in moun-
tain habitats (n ¼ 16 out of 18 locations) but also vis-
ited a nearby wetland (n ¼ 1) and agricultural field
(n ¼ 1). She returned to O‘ahu sometime between
1900 H and midnight on 3 November 2021. Her sig-
nal was lost after 2 December 2021 and to date, has
not been detected again. We do not have a clear
explanation as to why this female pueo took this quick
interisland trip, except that both of those travel-
nights appeared to be clear (no cloud cover), with
wind speeds averaging 7.4 km/hr, and a dew point
averaging 18�C (so the air was less foggy than usual;
https://weatherspark.com/h/d/139/2021/10/30/
Historical-Weather); thus, Moloka‘i may have been
more visible from O‘ahu than on other nights.

Our study demonstrates the importance of
lightweight, battery-powered GPS transmitters for
medium-sized (e.g. ,350 g) birds, because they
have the potential to reveal previously unknown
aspects of the ecology and biology of a species,
especially for those whose behavior and habitats
could cause solar transmitters to perform poorly.
Our documentation of the double clutch and the
interisland movements of this single female pueo
represent a step toward a better understanding of
this subspecies’ breeding and movement ecology
in the Hawaiian Islands. Because of the paucity of
data on pueo, we do not know if this double clutch
was an isolated incident, or a more common, but
undocumented occurrence for the subspecies
nesting in tropical latitudes. Similarly, interisland
movements of pueo were suspected particularly
among the islands of Maui Nui (Maui, Moloka‘i,
L�ana‘i, and Kaho‘olawe) due to their close geo-
graphical proximity. In fact, those islands are all
located 11 to 28 km apart and are often easily visi-
ble from one another, which could encourage
pueo to conduct interisland movements in search
of prey or nesting territories. To our knowledge,
our study is the first documentation of an interisland
movement in the Hawaiian archipelago and the first
documented by tracking device technology for any

Figure 3. Tagged adult female pueo and both nests, at Joint Base Pearl Harbor-Hickam Lualualei Annex site on
O‘ahu, Hawai‘i, USA. (a) The female’s first nest was discovered on 12 February 2021 with 6 eggs, in a bowl-shaped
depression in the ground surrounded by green luxuriant buffelgrass (Cenchrus ciliaris) vegetation. (b) The female’s sec-
ond nest was found on 8 June 2021 while she was incubating a single egg. This second nest was more exposed and
open as the surrounding vegetation was much shorter and drier than at the first nest. The nests were 180 m from each
other in the same grassland. Photos by Marie-Sophie Garcia-Heras (a) and Chad Wilhite (b).
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island/archipelago-endemic subspecies of Short-
eared Owl (e.g., Asio flammeus galapagoensis in the
Galapagos Islands, A. f. ponapensis in Polynesia/
Macaronesia, A. f. domingensis in the Antilles in the
Caribbean, and A. f. sanfordi in the Islas Malvinas
[Falkland Islands]). However, because our data
were derived from a sample size of one, further
studies deploying tracking transmitters on addi-
tional pueo on O‘ahu and other Hawaiian Islands
are important to improve our understanding of its
ecology. Assessing potential interannual and inter-
individual variability in pueo breeding ecology and
determining the frequency and reasons behind the
interisland movements will be important to better
help conserve and manage habitats that pueo rely on
throughout their entire life cycle.

All activities took place under federal, state, and
institutional permits (USGS Bird Banding Lab per-
mit no. 24137 and no. 23395; Hawai‘i Division of
Forestry and Wildlife Scientific Collecting Permit no.
WL9-10 and WL20-05; University of Hawai‘i Institu-
tional Animal Care and Use Committee protocol no.
18-2752; and University of Hawai‘i Institutional Bio-
safety Committee protocol no. 18-11-949-01). We
thank our collaborators from the Joint Base Pearl
Harbor-Hickam at the Lualualei Annex site, espe-
cially C. Carnes, A. N. Dunn, J. Hawkins, T. Geelh-
oed, and we thank the mowing team for their careful
work on site. We thank the Joint Base Pearl Harbor-
Hickam for the grant funding to this project (Agree-
ment Number: W9126G-20-2-0017). Many thanks to
O. Wang, C. Wilhite, W. Naguwa, and K. Acoba for
helping with pueo captures and data collection, to
J. E. Pagel for review comments, and to J. E. Pagel,
M. Stuber, and J. Penniman for all their constructive
feedback and support, especially while conducting
pueo fieldwork including trapping and GPS tagging.
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