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ABSTRACT. Trends in wildlife mortality can be particularly challenging to identify in low-density species where mortalities are less
likely to be detected or documented. The Pueo, or Hawaiian Short-eared Owl (Asio flammeus sandwichensis), is the only native raptor
that breeds on all the main Hawaiian Islands. The Pueo is state-listed as endangered on the island of Oʻahu, but drivers of population
dynamics are not well known, including causes of mortality. In this study, existing records from organizations across the Hawaiian
Islands were compiled to evaluate the causes of mortality in Pueo. Here, 242 unique records spanning the years 1993 to 2024 from
state, federal, and private organizations were evaluated for causes of Pueo death. Trauma due to collisions with vehicles, wind turbines,
fences, and other human-made objects was the leading detected cause of death (62%) followed by emaciation (13%) and disease (6%),
with 19% of deaths due to unknown causes. The islands of Hawaiʻi and Kauaʻi, both with relatively low human populations, had the
highest total number of reported mortalities (n = 77, 32%). The highest number of recorded mortalities was in the month of July (16%),
and mortalities were generally higher from June through August. Although our study has detection biases, our results are consistent
with global studies suggesting that blunt force trauma from vehicles, wind turbines, and other infrastructure are potentially important
sources of mortality in raptors. Similar to other studies, rodenticide effects and infectious disease were potentially underestimated as
sources of mortality, because most birds did not undergo a full necropsy. Further, there may be confounding variables due to ad hoc
data collection. Development of a state-wide system for reporting and recording wildlife mortality along with future studies that include
necropsies may improve our ability to discern which sources of mortality may be mitigated.

RESUMEN. Las tendencias en la mortalidad de la fauna silvestre pueden ser particularmente difíciles de identificar en especies de
baja densidad donde es menos probable que se detecten o documenten las muertes. El Pueo, o Búho campestre hawaiano (Asio flammeus
sandwichensis), es la única ave rapaz nativa que se reproduce en todas las islas hawaianas principales. El Pueo está catalogado como
especie en peligro de extinción en la isla de Oʻahu, pero los factores que impulsan la dinámica poblacional no se conocen bien, incluyendo
las causas de mortalidad. En este estudio, se recopilaron registros existentes provenientes de organizaciones distribuidas en las islas
hawaianas para evaluar las causas de mortalidad en el Pueo. Aquí, se evaluaron 242 registros únicos, que abarcan los años 1993 a 2024,
provenientes de organizaciones estatales, federales y privadas, para determinar las causas de muerte del Pueo. El trauma causado por
colisiones con vehículos, aerogeneradores, cercas y otros objetos construidos por el ser humano fue la principal causa de muerte
detectada (62%), seguido por la emaciación (13%) y las enfermedades (6%), mientras que el 19% de las muertes se debió a causas
desconocidas. Las islas de Hawaiʻi y Kauaʻi, ambas con poblaciones humanas relativamente bajas, tuvieron el mayor número total de
muertes reportadas (n = 77, 32%). El mayor número de muertes registradas fue en el mes de julio (16%) y la mortalidad fue generalmente
más alta entre junio y agosto. Aunque nuestro estudio presenta sesgos de detección, nuestros resultados son consistentes con estudios
globales que sugieren que el trauma contundente causado por vehículos, aerogeneradores y otras infraestructuras constituye una fuente
potencialmente importante de mortalidad en las aves rapaces. Al igual que en otros estudios, los efectos de los rodenticidas y las
enfermedades infecciosas fueron potencialmente subestimados como fuentes de mortalidad, debido a que la mayoría de las aves no
fueron sometidas a una necropsia completa. Además, puede haber variables de confusión debido a la recolección de datos ad hoc. El
desarrollo de un sistema estatal para reportar y registrar la mortalidad de la fauna silvestre, junto con futuros estudios que incluyan
necropsias, podría mejorar nuestra capacidad para discernir qué fuentes de mortalidad pueden ser mitigadas.
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INTRODUCTION
The Short-eared Owl (Asio flammeus) is a globally distributed
species in the Americas, Europe, Asia, and Africa, and islands in
the Pacific and Atlantic Oceans. Many Short-eared Owl
populations are declining across the globe (Burfield 2008, Booms
et al. 2014, Calladine et al. 2024), and they are acknowledged to

be a poorly understood species (Wiggins 2004, Wiggins 2008,
Booms et al. 2014, Fernández-Bellon et al. 2021). In Canada,
Short-eared Owls are listed as “threatened” (COSEWIC 2021),
and many regions within the United States, including Hawaiʻi,
have listed Short-eared Owls as “endangered” or “threatened” at
the state level (Gahbauer et al. 2021), leading to a USFWS status

1Department of Biology, College of Natural Sciences, University of Hawaiʻi at Mānoa, 2Department of Natural Resources and Environmental
Management, College of Tropical Agriculture and Human Resilience, University of Hawai‘i at Mānoa, 3Vertebrate Zoology Collections, Bernice
Pauahi Bishop Museum, 4Hawaiʻi Wildlife Center, 5Pūlama Lānaʻi, 6U.S. Geological Survey National Wildlife Health Center Honolulu Field Station

https://doi.org/10.5751/JFO-00785-970206
mailto:mbuswell@hawaii.edu
mailto:mbuswell@hawaii.edu
https://orcid.org/0009-0006-3189-5718
mailto:cwilhite@hawaii.edu
mailto:cwilhite@hawaii.edu
https://orcid.org/0000-0003-3987-3637
mailto:meh37@hawaii.edu
mailto:meh37@hawaii.edu
https://orcid.org/0000-0002-8475-754X
mailto:drisch@hawaii.edu
mailto:drisch@hawaii.edu
https://orcid.org/0000-0002-0394-0562
mailto:laura.rae.luther@gmail.com
mailto:laura.rae.luther@gmail.com
mailto:linda@hawaiiwildlifecenter.org
mailto:linda@hawaiiwildlifecenter.org
mailto:RSprague@pulamalanai.com
mailto:RSprague@pulamalanai.com
https://orcid.org/0009-0000-5750-2800
mailto:thierry_work@usgs.gov
mailto:thierry_work@usgs.gov
https://orcid.org/0000-0002-4426-9090
mailto:pricemel@hawaii.edu
mailto:pricemel@hawaii.edu
https://orcid.org/0000-0003-1836-3769


Journal of Field Ornithology 97(2): 6
https://journal.afonet.org/vol97/iss2/art6/

of “Bird of Conservation Concern,” which identifies species of
high conservation priority (https://www.fws.gov/media/birds-
conservation-concern-2021). Causes of endangerment and
decline are thought to include habitat degradation, shooting by
humans, limited food resources, and collisions with vehicles
(Cooper 2000, Calladine et al. 2012, Mostello and Conant 2018).

The Pueo (Hawaiian Short-eared Owl, Asio flammeus
sandwichensis) is a subspecies of Short-eared Owl endemic to the
Hawaiian Islands (Berger 1981). The Pueo is culturally important,
appearing in many moʻolelo, or stories, as ancestral guardians,
with owls acting as a guide and considered by some as incarnations
of past family members (Goldman 2010, Stormcrow 2023). Short-
eared owls in Hawaiʻi have a diverse prey base, consuming birds,
insects, rodents, bats, and reptiles (Snetsinger et al. 1994; Work
and Hale 1996; Mostello and Conant 2018). Two other raptors
that breed and live on the Hawaiian Islands and may provide
competition are the ̒ Io, or the Hawaiian Hawk (Buteo solitarius),
an endemic species that primarily occurs on Hawaiʻi Island, with
rare occurrences on Maui, as well as American Barn Owl (Tyto
furcata) which was introduced to the Hawaiian Islands in the late
1950s and early 1960s as a biocontrol for rodent populations
impacting agricultural production (Tomich 1962). As the only
native raptor on most islands, Pueo may play an important role
as a native apex predator. Similar to Short-eared Owls globally,
populations of Pueo have declined, and in 2005 they were listed
by the state as endangered on the island of Oʻahu (Hawaiʻi DLNR
2005).  

Previous studies of mortality in owls across the Hawaiian Islands
included very few Pueo; of 86 owls examined by Work and Hale
(1996) only five were Pueo, and Aye et al. (1995) only included
one. In the last century there were reports of large die-offs of owls
due to “sick owl syndrome,” where owls were observed displaying
neurological abnormalities across the Hawaiian Islands (Telfer
1972, Gassmann-Duvall and Telfer 1987, Gassmann-Duvall
1988, Aye et al. 1995). A total of 116 owls, largely American Barn
Owls but a few Pueo as well, were found dead and lethargic from
1987 to 1988 (Gassmann-Duvall 1988); causes were largely
attributed to trauma and exposure to rodenticides. Work and Hale
(1996), using systematic necropsies, showed the major causes of
death in owls were trauma, the parasite Trichomonas gallinae, and
starvation.  

Despite its importance, little is known regarding Pueo population
dynamics, although studies over the last decade are beginning to
provide a baseline understanding of key aspects of natural history.
Known threats to Short-eared Owls in Hawaiʻi and elsewhere
include predation on eggs and chicks by introduced predators,
such as rats (Rattus spp.), feral cats (Felis catus), and the small
Indian mongoose (Urva auropunctata), competition with the
introduced American Barn Owl, habitat loss and fragmentation,
and trauma resulting from car strikes or wind turbines (Hawaiʻi
DLNR 2015, Mostello and Conant 2018, Gomez et al. 2023).
However, the Hawaiian Islands lack a comprehensive evaluation
of the relative impact of various threats to Pueo. Thus, in this
study our goal was to compile available records on Pueo mortality
throughout the Hawaiian Islands to identify the leading causes
of mortality and discern potential trends among islands.

METHODS
A snowball sampling (Johnson 2014) approach was used to obtain
mortality records from state, federal, and private organizations
via email. Organizations included land management organizations
such as government agencies, wind farms, as well as those who
received carcasses or birds in need of care, such as museums,
wildlife rehabilitation organizations or veterinary facilities, and
laboratories dedicated to determining cause of death in native
wildlife in the Hawaiian Islands. Once initial responses were
received, recommendations of additional points of contact were
sought until the contact pool reached saturation, indicated by
receiving duplicate records or recommendations of organizations
whom we had already contacted.

Analyses
The records provided were categorized by date, island, and cause
of death. Duplicate records were identified and then combined
to gather as much information as possible from each record.
Deaths per month and year were evaluated for the records
provided to the authors, which covered a 32-year time frame
(1993–2024). We note that we did not ask for a specific time frame,
so these are assumed to represent all available records from these
organizations. Cause of death was determined both by the record
keepers, either with an observational diagnosis or necropsy
testing, and by us, using information within the records, including
descriptions of the injury and location. If  multiple causes of death
were indicated, but descriptions indicated that one cause of death
appeared to be the immediate cause of death, the primary cause
of death was recorded but the additional potential contributing
factors were noted. If  a record lacked sufficient information, the
cause of death was noted as unknown. Records that indicated
euthanasia as the cause of death were assigned to the underlying
issue (trauma, emaciation, disease, unknown) rather than to
“euthanasia.” Animals in records originating from the U.S.
Geological Survey (n = 35) underwent a complete external and
internal examination including histopathology, which then
guided any additional ancillary laboratory diagnostics (Work and
Hale 1996).  

Chi-square analyses were used to evaluate whether the cause of
death differed amongst categories with all records combined, and
whether cause of death differed among categories within
individual islands. Linear regression analyses were used to
determine whether the number of records increased or decreased
over time. Monthly variation in Pueo mortality was evaluated
using a Poisson generalized linear model with month as a
categorical predictor, and significance of month effects was
assessed using likelihood-ratio tests and post-hoc estimated
marginal means. All analyses were conducted in R (v4.4.x; R Core
Team 2025) with RStudio (v2024.12.1+563), using the tidyverse 
(v2.0.0; Wickham et al. 2019) and lubridate (v1.9.4; Grolemund
and Wickham 2011) packages. A spatial analysis at a higher
resolution than “island” was not possible because specific
locations, such as GPS points, were unavailable for most records.
Likewise, other potential factors such as age, sex, and mass of
individuals were not available for most records but were noted
when available for descriptive purposes. We note that any use of
trade, firm, or product names is for descriptive purposes only and
does not imply endorsement by the U.S. Government.
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RESULTS
A total of 242 unique mortality records were identified from 1993
to 2024 from 10 organizations (Table 1). The highest number of
mortalities was recorded on the islands of Hawaiʻi (n = 77, 32%)
and Kauaʻi (n = 77, 32%), followed by Maui (n = 44, 18%), Lānaʻi
(n = 20, 8%), Oʻahu (n = 14, 6%), and Molokaʻi (n = 10, 4%; Fig.
1). The highest number of mortalities was recorded in the months
of July (n = 38, 16%) and August (n = 36, 15%), and the lowest
number of mortalities was recorded in January (n = 9, 4%) and
September (n = 10, 4%; Fig. 2). The number of reported
mortalities ranged from one to 24 per year, increasing over time
with a positive slope of 0.44 records per year (p < 0.001; Fig. 3).

Overall, the leading cause of death was trauma (n = 150, 62% of
records), followed by emaciation (n = 32, 13%), and disease (n =
14, 6%); the cause of death was unknown in 46 cases (19%).
Records where the primary cause of death was trauma sometimes
noted the source of trauma, including collisions with vehicles (n
= 65), wind turbines (n = 20), fences (n = 6), and utility lines (n
= 5). On wind farms, up to three mortalities per year were reported
over the last 16 years (2009–2024). Emaciation was the second
highest recorded cause of death on the islands of Hawaiʻi (n =
14) and Lānaʻi (n = 3; Table 2; Fig. 1). For animals that underwent
a complete necropsy exam (n = 35), trauma was the leading cause
of death (37%) followed by disease (23%), emaciation (20%), and
unknown (20%).  

Although ultimate cause of death was utilized for analyses, we
note that the records sometimes contained notes providing insight
into factors potentially contributing to the cause of death. For
example, in 12 of the trauma records, potential underlying causes
were noted as emaciation (n = 7), rodenticide exposure (n = 3),
and parasitism (n = 2). In 18 of the emaciation records, prior
trauma (n = 8), rodenticide exposure (n = 5), parasitism (n = 3),
and hypothermia (n = 2) were noted. In 11 records of disease,
potential underlying causes were noted as parasites (n = 10), and
rodenticide exposure (n = 1). The types of disease included
parasitic infection (n = 5), specifically trichomoniasis, and one
record each of pulmonary helminthiasis, aspergillosis, and
pasteurellosis. Overall, suspected rodenticide poisoning was
indicated in a total of nine records, where the ultimate cause of
death was attributed to other sources such as emaciation (n = 5),
trauma (n = 3), and disease (n = 1). In 35 Pueo where systematic
necropsies were done, of eight cases with disease, 38% (n = 3) were
due to trichomoniasis, 38% (n = 3) to pulmonary helminthiasis,
and the remainder were attributed to miscellaneous causes
(bacteria, ophthalmitis, hemorrhage of unknown origin).

DISCUSSION
This study aimed to fill a knowledge gap regarding the causes of
mortality in Pueo by collating records from across the Hawaiian
Islands. The most commonly reported (62%) cause of death for
Pueo across all islands was trauma, similar to a previous study in
the Hawaiian Islands that largely consisted of American Barn
Owls (Work and Hale 1996). Of the 150 records of trauma, 66%
(n = 99) indicated either direct vehicle collision or trauma
occurring near a roadway. These results differ from a study in
Europe in which the majority of reported deaths were from being
shot (69%), followed by trauma from traffic collisions (15%) or
collisions with other man-made objects (5%; Calladine et al.
2012). Studies using transmitters have suggested that predation

 Table 1. Pueo (Hawaiian Short-eared Owl; Asio flammeus
sandwichensis) mortality records were obtained from 10
organizations in the Hawaiian Islands. Duplicate records were
identified and removed, resulting in a total of 242 non-duplicate
records. Organizations with data specific to the island on which
they are based have the island stated in parentheses. All other
organizations serve multiple islands.
 
Organization Records (n)

Archipelago Research and Conservation (Kauaʻi) 25
Bernice Pauahi Bishop Museum 14
Hawaiʻi Department of Land & Natural Resources, Division of
Forestry & Wildlife

9

Hawaiʻi Wildlife Center 70
Save Our Shearwaters (Kauaʻi) 28
Maui Nui Seabird Recovery Project (Maui) 33
Nēnē o Molokaʻi 10
Pulama Lānaʻi (Lānaʻi) 8
United States Fish and Wildlife Service 10
United States Geological Survey 35
Total 242

 Fig. 1. Mortality records by island regarding cause of death in
the Hawaiian Short-eared Owl, or Pueo (Asio flammeus
sandwichensis). The highest number of records were from the
largest island (Hawaiʻi), and the fourth largest island (Kauaʻi).
 

by other raptors may be a substantial cause of mortality (Johnson
et al. 2017), but emaciation and collision trauma were also
documented, similar to our study (Calladine et al. 2024). To our
knowledge there are no records of resident Barn Owl or ʻIo
hunting adult Pueo, but Peregrine Falcons (Falco peregrinus) are
winter migrants in the islands and may hunt Pueo. Importantly,
continental studies found that mortality was higher during long
migrations (Johnson et al. 2017, Calladine et al. 2024). Although
not a comparatively large movement, Pueo were recently
documented flying between islands (Garcia-Heras and Price
2024), but more research is needed to determine whether
interisland movements are associated with higher mortality.  

We note that specimens on the road are more likely to be spotted
and collected compared to those in a location with less human
traffic; therefore, vehicle collisions are likely overrepresented in
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 Fig. 2. Number of Pueo (Hawaiian Short-eared Owl, Asio
flammeus sandwichensis) mortality records by month collated
from 1993 to 2024 across the Hawaiian Islands. Bars are shaded
to indicate breeding (black) and nonbreeding (white) seasons,
but we note that the “breeding season” is not well-defined in
the literature; the earliest breeding behaviors have been
observed in October and pre-fledge owlets have been observed
as late as July (Wang 2022). Although mortality records were
highest in July (n = 38) and August (n = 36) and lowest in
January (n = 9) and September (n = 10), a Poisson generalized
linear model indicated that month was not a significant
predictor of mortality when accounting for interannual
variability (likelihood-ratio χ² = 10.97, df = 11, p = 0.45).
 

ad hoc reporting data because of detection bias (Morishita et al.
1998). Despite this acknowledged detection bias, mortality due
to vehicle collisions is recognized as a major threat for birds
globally, including Short-eared Owls (Scott 1938, Hodson and
Snow 1965, Molina-López et al. 2011, Smith et al. 2018,
Cococcetta et al. 2022, Šálek et al. 2023). Roadways are inferred
to provide an attractive hunting area for raptors because of open
habitat with perching sites, carrion from roadkill, and short grass
on either side of the road for hunting, facilitating sighting of prey
(Tomich 1971). A few owl species, including Short-eared Owls,
hunt at the same height as vehicles, causing them to be particularly
prone to collisions (Jacobson 2005). Owls that capture prey on
the road may land to consume the item, potentially leaving them
vulnerable to fast-moving vehicles (Work and Hale 1996).  

Of concern given the relatively recent emergence of wind farms
(Appendix 1), 13% of the trauma-related deaths were detected
under wind turbines. Impacts from wind turbines appeared to be
highest on Maui, where 36% (n = 16) of all mortality records
occurred near wind turbines. The larger wind farms in operation
today were built starting in 2006, with three wind farms each on
Oʻahu, Maui, and Hawaiʻi islands (Appendix 1). However, given
that Pueo are not listed as endangered on islands other than
Oʻahu, mitigation is typically lacking on these islands to address
Pueo casualties due to wind turbines (https://dlnr.hawaii.gov/
wildlife/hcp). Given the impacts of global climate change on
biodiversity, renewable energy methods are crucial to long-term
sustainability efforts; however, wildlife impacts should be
considered if  wind farms significantly impact conservation goals
for sensitive species (Drewitt and Langston 2006, Thaxter et al.
2017).

 Fig. 3. Number of Pueo (Hawaiian Short-eared Owl, Asio
flammeus sandwichensis) mortality records by year from 1993 to
2024 across the Hawaiian Islands. Reported mortalities
increased significantly over time (β = 0.54 ± 0.11 SE, t = 4.92, p
< 0.001). The shaded area represents the 95% confidence
interval around the fitted regression line. The highest number of
records occurred in 2014 (n = 22) and 2017 (n = 24).
 

Other potential sources of trauma indicated in the records
included utility lines and fences, which collectively were indicated
in 11 (7%) of trauma cases. Utility lines have been noted as a
source of raptor mortality globally (Molina-López et al. 2011,
Slater et al. 2020, Lukesova et al. 2021, Escobar-Ibáñez et al. 2022,
Šálek et al. 2023). Recently, Travers et al. (2023) determined utility
line collisions to be a prevalent threat to native and endangered
birds in the Hawaiian Islands, including Pueo. Birds may break
their necks colliding with utility lines, receive electric burns that
affect feathers and skin, and/or die from electrocution (Melero et
al. 2013). The reporting in Travers et al. (2023) resulted in the
implementation of bird-friendly utility line modifications that
were the first of their kind in the region, demonstrating the need
for wildlife research to inform effective management strategies.  

Multiple records in this study included notations of trauma,
emaciation, and disease in the same individual, typically
highlighting that the immediate cause of death was trauma but
that there were potential indicators of other factors. Further, most
records did not include a necropsy, which is often necessary to
determine the exact cause of death. Death in wild birds is often
caused by a combination of health-related factors, many of which
may not be revealed upon initial examination (Kelly et al. 2013,
González-Astudillo et al. 2016). For example, an owl experiencing
disease or emaciation from lack of food might be more likely to
hunt along the roadside where it is easier to find mammalian prey,
potentially increasing its chances of vehicular collision (Work et
al. 2015). The apparent cause of death would be trauma, but a
necropsy could potentially detect underlying conditions that
made the bird more prone to vehicular collision. Conversely, past
injury due to collisions with vehicles or wind turbines could reduce
the ability of an owl to hunt, leading to emaciation or
susceptibility to disease (Cococcetta et al. 2022).  

Emaciation and disease were documented in 19% of the records
in this study, with additional records noting potential rodenticide
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 Table 2. The number of recorded causes of death by island for Pueo (Hawaiian Short-eared Owl; Asio flammeus sandwichensis), as
well as human population and size (area) of each island. Trauma was most often identified as the cause of death, followed by emaciation.
 
Island Area (km²) Human population Total records Trauma Emaciation Disease Unknown

Hawaiʻi 10,430 200,629 77 47 14 7 9
Kauaʻi 562 73,214 77 54 9 1 13
Lānaʻi 140 3,367 20 15 3 0 2
Maui 727 154,100 44 24 5 3 12
Molokaʻi 260 7,369 10 4 0 0 6
Oʻahu 597 1,016,508 14 6 1 3 4
Total 12,716 1,254,558 242 150 32 14 46

exposure, parasites, or other signs of illness. Rodenticide
poisoning was only noted in nine records (4%) with most of these
records occurring on the island of Hawaiʻi (n = 8), but the
observations were based solely on the record keeper’s recognition
of symptoms such as bleeding from the mouth, internal
hemorrhaging, bruising, and anemia, rather than toxicologic
analyses of tissue samples. During the 1980s, chemical agents were
suspected to be responsible for sick owl syndrome and apparent
owl population declines in the Hawaiian Islands (Gassmann-
Duvall 1988), but systematic necropsies along with toxicologic
analyses failed to show evidence of pesticide or rodenticide
exposure as cause of death (Work and Hale 1996). Recent studies
of raptors in the Hawaiian Islands have demonstrated a relatively
high degree of exposure to rodenticides (13–36% of the liver
samples tested across three species; Siers et al. 2018), but no study
to date has provided definitive evidence that exposure to
rodenticides is resulting in hemorrhaging or contributing to
increased risk of trauma. Both first-generation and second-
generation anticoagulant rodenticides impede vitamin K
production and can lead to hemorrhaging (Elliott et al. 2024).
Negative effects of secondary rodenticide poisoning could
contribute to Pueo mortality, increasing the probability of
emaciation or trauma from hindered hunting ability. Future
studies that compare toxins in injured and healthy populations of
Pueo would be useful to determine whether exposure to toxins
contributes to risk of trauma-related injury or death (Blus 2024).

Trichomoniasis, a known cause of mortality in American Barn
Owls (Work and Hale 1996), was also detected in Pueo, indicating
a possible shared prey reservoir. Given that Columbiform birds
are common carriers and the parasite is present in Zebra Doves
(Geopelia striata) in Hawaiʻi (Kocan and Banko 1974),
transmission likely occurs through these or similar species.
Pulmonary helminths, reported only in Pueo (Work and Hale
1996), could not be identified to species without molecular testing,
but are well documented in avian lungs and pulmonary
trematodes in Blackbirds (Turdus merula; Galosi et al. 2019).
Because helminths are acquired through diet (Delaski et al. 2015),
their presence suggests Pueo probably consume infected
intermediate hosts. Future investigations should bank frozen lung
tissues to enable retrospective molecular identification and clarify
host-parasite dynamics.  

There were a few temporal patterns in records identified in this
study. The number of reports of Pueo mortality have increased
over time, with the highest number of reports in 2017 (n = 24,
10%). It is difficult to say whether this is indicative of higher
mortality in recent years, population growth resulting in a higher

incidence of mortality, or increased monitoring and interest in
Pueo. The months of July (n = 38) and August (n = 36) had the
highest number of mortality records (31% combined) compared
to other months throughout the year, but monthly trends were
not statistically significant. In this study, 18 (7%) of the total
records were recorded as “immature” Pueo, with most (n = 17) of
the recorded immature mortalities occurring between March and
August. Barn Owls within their first year of life are more likely
to experience mortality than adults, particularly from vehicle
collisions because of post-fledging dispersal (Boves and Belthoff
2012). However, because the age class designations in this study
represent the individual collectors’ estimations, and are not based
on standardized definitions or criteria, further research is needed
regarding Pueo mortality risk at each life stage.  

There were also a few geographic trends in records (Table 2). The
islands of Hawaiʻi and Kauaʻi had the highest number of mortality
records (32% each). The island of Oʻahu, which has the largest
human population overall and the highest density of humans per
area, did not have the highest number of Pueo mortality records,
suggesting that the higher numbers of reported Pueo mortalities
on the islands of Hawaiʻi and Kauaʻi are not simply due to a higher
number or density of people, and therefore a higher chance of
discovery. The island of Hawaiʻi is the largest island, and as such
may contain the largest population of Pueo, resulting in a
proportionately higher number of deaths. On the island of Kauaʻi,
Pueo occupancy rates per area are higher than on any other island
(Wilhite 2021), potentially explaining the proportionally higher
number of reported mortalities. The islands with the highest
numbers of mortality records, Hawaiʻi and Kauaʻi, are also the
islands that have wildlife rehabilitation organizations
headquartered there (Hawaiʻi Wildlife Center and Save Our
Shearwaters, respectively). These organizations act as hubs for
native species veterinary care, receiving animals from their own
as well as nearby islands, although records were assigned to the
birds’ islands of origin. Community awareness of the native
wildlife rehabilitation facilities located on Kauaʻi and Hawaiʻi
island may increase reporting of native wildlife that are sick,
injured, or orphaned on these islands. For example, the public
may be more likely to report injured/downed native birds if  they
know there is a resource available to help nearby.  

Because our study relied on records kept by various organizations,
the level of detail differed among records and was often limited
in scope, a challenge that has hindered monitoring of raptors
globally (Kovács et al. 2008, Derlink et al. 2018). Because no study
to date has been conducted to determine statewide population
numbers, we are unable to estimate the percent mortality that

https://journal.afonet.org/vol97/iss2/art6/


Journal of Field Ornithology 97(2): 6
https://journal.afonet.org/vol97/iss2/art6/

these numbers represent. We highlight the need to increase
reporting to the federal wildlife disease database WHISPers
(https://www.usgs.gov/centers/nwhc/science/whispers), which would
substantially increase capacity within the region to compare
regional trends with those of national wildlife.  

Based on our results, we suggest some avenues for potential
conservation actions to reduce mortality in Pueo, while
acknowledging that few conservation actions have been
rigorously tested in Short-eared Owls to determine their efficacy.
To minimize vehicular collisions, diversion poles or short fences
along highway medians have been suggested (Jacobson 2005), but
these poles could simply increase hunting perches for Pueo, rather
than reducing hunting behavior near the roads. We recommend
consideration of potential Pueo mortality when designing
windfarms and developing plans for minimization and mitigation.
Continued outreach efforts to raise awareness of Pueo
conservation may increase reporting and may help the public
understand secondary impacts of rodenticide use. Modifications
to reduce vehicular collisions and increased awareness of avian
mortality due to rodenticide exposure will benefit Pueo
conservation and many other native avian species that hunt and
fly along roadways.

CONCLUSIONS
Trauma appears to be the leading cause of death detected in Pueo.
This result is consistent with findings from the only other study
of owl mortality in the Hawaiian Islands to date, which largely
focused on non-native American Barn Owls (Work and Hale
1996). The number of detected mortalities varied among islands,
but we were not able to determine whether this was due to
differences in reporting, population size, or threats. Although the
findings of this study may be influenced by reporting biases and
therefore may not fully reflect broader mortality trends, our study
highlights important knowledge gaps that may be addressed by
future field and laboratory investigations into the causes of Short-
eared Owl mortality. In particular, future research should examine
the potential link between Short-eared Owl mortality and
rodenticide exposure by comparing toxin levels in healthy, injured,
and deceased individuals. When considered alongside other
global studies, this work may help address existing knowledge
gaps and contribute to a more comprehensive understanding of
the factors driving global declines in Short-eared Owl
populations.
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Appendix 1. Wind turbine distribution among islands. Oʻahu has the most turbines, followed by 

Maui, with the island of Hawaiʻi having the least number of turbines. Most mortalities at wind 

farms occurred at Kaweawa Wind Power I on the island of Maui. 

 

Island Wind Farm Turbines 

(N) 

Pueo 

Mortalities 

Reported 

(N) 

Year 

Opened 

Hawai‘i Island Total 35 4  

 Hawi Wind Farm 16 0 2006 

 Pakini Nui Wind Farm 14 4 2007 

 Lalamilo Wells 5 0 2017 

Kauaʻi N/A 0 0  

Lanaʻi N/A 0 0  

Maui Island Total 42 16  

 Kaheawa Wind Power I 20 15 2006 

 Auwahi Wind Energy Hybrid 8 0 2012 

 Kaheawa Wind Power II 14 1 2012 

Molokaʻi N/A 0 0  

O‘ahu Island Total 50 0  

 Kahuku Wind Power 12 0 2011 

 Kawailoa Wind 30 0 2012 

 Nā Pua Makani 8 0 2020 
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