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The scope of strategies used by birds during sea-
sonal movements is considerable and has been the
subject of comprehensive syntheses (Bertold 2001,
Newton 2024). The movements of species that
employ irruptive or nomadic strategies are often
unpredictable (Cottee-Jones et al. 2015), which can
impede comprehensive understanding and subse-
quent implementation of effective conservation
measures (Teitelbaum and Mueller 2019, Gibson
etal. 2021). Across much of its extensive range, the
Short-eared Owl (Asio flammeus) specializes on small
mammal prey whose abundance varies or cycles
markedly in both space and time. In response, the
owls may travel thousands of kilometers between
successive breeding areas to exploit localized prey
abundances (Johnson et al. 2017, Calladine et al.
2024a). Research on this species has occurred
across the northern hemisphere and elsewhere
(Wiggins et al. 2020), and research and manage-
ment priorities have been proposed (Booms et al.
2014). Here, we discuss aspects of Short-eared Owl
colonization within the context of behavioral ecol-
ogy and habitat selection, applying that framework
to identify key questions that should be addressed
in future research.

Short-eared Owls engage in irruptive or nomadic
movements (for synthesis, see Newton 2024). In
response to cyclic changes in small mammal prey
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abundance, the owls move across large landscapes,
departing areas where prey abundance has crashed
and settling in areas where prey resources are greater.
These movements and the dynamics of predation rep-
resent a numerical response by the owls to a pulsed
resource (e.g., Therrien et al. 2014). The changes in
density of owls and their prey therefore shift through
time and space (Newton 2024), as demonstrated for
Short-eared Owls in several regions across the northern
hemisphere (Village 1987, Korpiméki and Norrdahl
1991, Miller et al. 2023). In most cases (see potential
exceptions, below), and acknowledging the uncertain-
ties of site occupancy associated with nomadic birds
(Teitelbaum and Mueller 2019, Calladine et al. 2024a,
2024b), the density of this species is likely a reliable
indicator of habitat quality (but see Van Horne 1983).
Assessing the specifics of sourcesink dynamics is chal-
lenging due to the cost and effort required to generate
demographic information needed to establish such
relationships (Wiens and Van Horne 2011). However,
it is logical that prey-rich locations are so different
from prey-depleted locations that they likely function
as sources to some extent (Pulliam 1988, Furrer and
Pasinelli 2016).

Sources are commonly defined as areas where
reproductive output exceeds mortality, whereas sinks
are areas where mortality exceeds reproductive output
(Pulliam 1988). By being more productive, sources are
important to the population or subpopulation (as
defined by Morrison et al. 2020) by enhancing lifetime
reproductive success of individuals, resulting in greater
recruitment of juveniles. In contrast, sinks require natal
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or breeding dispersal from sources to be maintained.
Sources have traditionally been described as habitats or
locations that are largely static or persistent (Pulliam
1988). In this manner, purported source areas used by
Short-eared Owls differ in that they are ephemeral—
functioning for only a segment of the small mammal
prey cycle—and upon declining they lose much of
their value and theoretically become sinks. Although
emigration may imply the former source area had
become a sink, it is also possible that a low density of
owls may persist (Miller et al. 2023; and see Newton
2024). If owls’ reproduction in those areas remains
equal to or exceeds mortality, the area may not func-
tion as a sink per se.

Another aspect of assessing source-sink dynamics
is related to how sources and sinks are defined. Pull-
iam (1988) did not include emigration as a demo-
graphic metric of source-sink dynamics (Runge et al.
2006). As a generality, including emigration success
(e.g., survival and recruitment to the breeding popu-
lation) might provide an informative assessment of
sources by facilitating estimates of lifetime reproduc-
tive success. However, because Short-eared Owls can
move great distances between successive breeding
areas (Johnson et al. 2017, Calladine et al. 2024a),
the relevance of emigration as a meaningful metric
may be reduced if the probability of survival is
inversely related to distance moved between breed-
ing attempts.

A key part of the Fretwell-Lucas (ideal despotic
distribution) theory of habitat selection is that early-
arriving individuals use higher quality habitat, whereas
later-arriving individuals occupy remaining areas,
including those of lower quality (Fretwell and Lucas
1970). Consequently, according to the Fretwell-Lucas
model, when Short-eared Owls first begin to settle in a
region that is undergoing an increase in small mammal
abundance, the first-arriving owls will occupy the best
locations, and later arriving individuals settle in lower-
quality areas. The Fretwell-Lucas model is logical for
behavior of obligate migrants (i.e., birds that are hard-
wired to migrate and that move in consistent ways) and
Fretwell-Lucas may apply in certain cases for facultative
migrants, those birds that exhibit irruptive move-
ments only as needed to address changes in envi-
ronmental conditions (Berthold 2001, Newton 2012).
There is evidence that distances moved by Short-eared
Owls outside of the breeding season could be density
dependent (i.e., distances greater when densities are
high; Calladine et al. 2012), and similar mechanisms
could operate at other times with birds moving to
more distant or lower quality habitats when numbers
are high, which would be consistent with the ideal des-
potic distribution concept. A facultative migrant like

the Short-eared Owl might move hundreds or thou-
sands of kilometers between breeding areas from one
year to the next (e.g., Johnson et al. 2017, Calladine
etal. 2024a), and upon arriving at a new breeding area
for the first time would have no prior knowledge of the
quality of a landscape (Dale and Sonerud 2023). This
could be particularly relevant for Short-eared Owls
where survival rates can be quite low (e.g., mean
annual survival rate of 0.47 reported in Europe), which
implies that most individuals are unlikely to encounter
good breeding opportunities (a vole outbreak) at the
same place multiple times over their lifetime (Calla-
dine et al. 2024a) and thus limits opportunities for
individuals to acquire and use site-specific knowledge.
The manner of settlement by Short-eared Owls
at a new landscape is likely influenced by local cir-
cumstances. One potential situation, as described
above, is that first arrivals would claim the best
areas, and later arrivals would occupy lesser areas in
accordance with the Fretwell-Lucas model of the
ideal despotic distribution. Alternatively, some
high-quality landscapes may not be saturated by col-
onizing individuals (Newton 2006), which is a logi-
cal expectation given the lack of knowledge by owls
of landscape conditions hundreds or thousands of
kilometers from previous nesting areas (Dale and
Sonerud 2023). In this case, a plausible situation is
that later arriving individuals would also occupy
high quality patches, because they were still avail-
able. Until the best habitat becomes saturated with
owls, if that occurs, there is little or no competition.
In some situations, breeding Short-eared Owls
occur in high local densities, resulting in aggrega-
tions that are considered semi-colonial (Arroyo and
Bretagnolle 1999, Keyes et al. 2016). This raises the
question about whether high-density areas reflect a
numerical response to a superabundant food
resource, if some other benefit of aggregation (e.g.,
reducing risk of predation; see Lockie 1955, Reid
etal. 2011) influenced the behavior, or if the latter
is simply an important byproduct of the former.
Interactions may shift from interference competi-
tion to exploitative competition (Holdridge et al.
2016), and this might be anticipated during the
transition from moderate or high prey densities to
lower prey densities. If territory sizes were smaller
during periods of high prey abundance (Village
1987) there would, in theory, be greater vigilance
for predators but perhaps more competitive interac-
tions (Lockie 1955, Pitelka et al. 1955). In contrast,
during periods of fewer available prey resources, forag-
ing areas might be larger (e.g., extending farther from
nest sites), which might reduce vigilance and result in
less competition for resources. Moreover, competition
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can alter growth rate in the local breeding cluster if
conspecific interactions detract from breeding activities
(Schoener 1973).

In subsequent years, yet another possibility is
that the location of the best areas in the source
landscape may have changed, from year one to year
two, for example, as would be expected in the
increasing phase of the small mammal prey cycle.
Given such a change, owls from the previous year
that remained in the landscape (or that returned
from an overwintering area) may select new areas
that are better than those of the previous year,
which would indicate short-term philopatry to the
landscape (i.e., they nested 2 yr in a row) although
not to a specific territory. Because the increasing
prey abundance continues to enhance the quality
of the landscape, it would be expected that second-
year arrivals might also encounter high-quality areas
(including areas that were not high-quality loca-
tions in the first year), in the same manner as the
first-year arrivals described above. It is also possible
that at some point, the arrival of new individuals
coupled with the output of reproduction from the
high-quality landscape would result in competition
for high-quality territories or in resource depletion
(Newton 2006). This seems most likely to occur
near or at the peak in the cycle of small mammal
abundance, and certainly when prey abundance
declines, causing local breeders and their offspring
to search for more productive landscapes. Tracked
Short-eared Owls have been recorded undertaking
“loop movements” to areas 50 km or more from
their occupied home range. Such flights may func-
tion to assess conditions in other areas, facilitating
decisions to remain or settle elsewhere nearby (Call-
adine et al. 2024a; see Dale and Sonerud 2023).

The level of potential competition for resources
(and the change in prey abundance) that occurs
during both the increasing and decreasing phases
of the prey cycle are largely unknown but may result
in negative consequences of density-dependent
habitat selection. This was documented in Snowy
Owls (Bubo scandiacus) in eastern North America
where immature owls used areas where they experi-
enced higher levels of mortality (McCabe et al.
2022), suggesting the areas were ecological traps
(Dwernychuk and Boag 1972, Battin 2004). With
notable exceptions (e.g., Village 1987, Korpimaki
and Norrdahl 1991), the uses of space by Short-
eared Owls through time during the small mammal
cycle are poorly understood in most areas. How-
ever, the occurrence of prey and the periodicity or
magnitude of their cycles can change over time
(e.g., Brommer et al. 2010) and space; for example,

Short-eared Owls responded to a recently estab-
lished subpopulation of voles by colonizing and
breeding in Spain (Luque-Larena et al. 2013, Mou-
geot et al. 2022) and in the lower latitudes of North
America, where small mammal prey cycles appear
to be less pronounced (Miller et al. 2023). All such
variations will influence the dynamics of how Short-
eared Owls use space, but their “travel far, breed
hard, and die young” life strategy appears adapted
to take advantage of such spatially and temporally
dynamic conditions (Dale and Sonerud 2023).
Relating Short-eared Owl movement to concepts
of habitat selection and behavioral ecology may help
focus future research. Of the following research
questions, not all are mutually exclusive. Although
most research on Short-eared Owls occurs in the
northern hemisphere, the following questions may
also be relevant in other parts of their range (Mik-
kola 2014, Enriquez 2017). (1) Assuming the exis-
tence of a source-sink dynamic, how long do source
landscapes function as sources, and what is the tem-
poral and spatial pattern of variation in habitat qual-
ity (e.g., source vs. sink), reproductive output, and
subsequent survival and recruitment? (2) Do Short-
eared Owls of source origin have a greater likelihood
of survival than those from sinks or less productive
locations, and does this influence survival rates for
owls that travel great distances to new breeding
areas? (3) Assuming there are differences among
landscapes in the density of colonizing Short-eared
Owls during the increasing part of the prey cycle,
what factor(s) other than prey abundance (e.g.,
predators, human disturbance, prior experience at
the site) distinguish between landscapes with differ-
ing densities of owls? (4) Do certain colonizing
Short-eared Owls (e.g., recent recruits to the popula-
tion) experience density-dependent influences in
their use of habitat and potentially occupy areas that
might function as ecological traps? (5) What is the
threshold prey encounter or intake rate that triggers
levels of competition through space and time, or the
decision to remain or move? (6) Are there vigilance
benefits associated with high densities of breeding
Short-eared Owls, and as prey availability declines,
do these benefits change? (7) Where there are differ-
ences in the magnitude of small mammal prey cycles
across latitudes (e.g., less pronounced cycles at lower
latitudes), do decisions to stay or disperse reflect
local knowledge (e.g., staying at a known but margin-
ally productive area at a lower latitude but departing
from a similarly productive site farther north as a
hedge bet that a higher quality area will be encoun-
tered)? (8) Due to the short life expectancy of Short-
eared Owls (at least in some areas) and associated
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limited opportunities to acquire knowledge, are there
differences in search behavior (e.g., at nearby versus
distant locations) or other aspects of knowledge trans-
ference, including conspecific attraction?

Given the tremendous distances traveled by irrup-
tive/nomadic species from one breeding location to
another, sometimes in successive years, there is substan-
tial uncertainty inherent in this movement strategy.
The location of source or otherwise high-quality land-
scapes for Short-eared Owls varies through time in
many regions, and the density of owls fluctuates in
response to prey resources or competition. This uncer-
tainty is consequently transferred to the conservation
and management arena, illuminating the need for a
better understanding of behavioral ecology and the
variation in patterns of habitat use at multiple spatial
and temporal scales across landscapes and regions (see
Miller et al. 2023). Protecting specific places for the
sake of irruptive/nomadic species may be ineffective
because of the potential mismatch between place-based
conservation and the movement ecology of irruptive
species (CotteeJones et al. 2015). The questions we
posed above should augment recommendations pre-
sented by Booms et al. (2014) and may enhance future
research and subsequent development of conservation
strategies for this and other irruptive/nomadic species.

We thank G. A. Sonerud and two anonymous reviewers for
providing helpful comments that improved the manuscript.
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