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ABSTRACT.—The American Kestrel (Falco sparverius) has been steadily declining throughout most of its
eastern North American range, and the cause of this decline is still relatively unknown. As a cavity nesting
species, the American Kestrel often competes with other cavity nesters such as the invasive and abundant
European Starling (Sturnus vulgaris) over nest boxes. The relationship between European Starling presence
at nesting sites and American Kestrel occupancy and nesting success is understudied. We analyzed data from
nest boxes monitored in eastern Pennsylvania, USA, from 1992 to 2021 to identify changes in occupancy of
American Kestrels and competitors, and to examine the relationship between competition at nest boxes and
American Kestrel nesting parameters. We found that American Kestrel occupancy decreased while European
Starling occupancy increased over the study period. All other species occupying nest boxes (small mammals,
passerines, owls, and snakes) showed no significant occupancy trends. On average 21% of nest boxes
remained unoccupied annually, and 7% of occupied nest boxes were used by both American Kestrels and
competitors in the same breeding season. The presence of these competitors had negative associations with
American Kestrel occupancy, clutch size, number of fledglings produced, and overall nesting success.
Specifically, the rate of nesting success decreased by 26% when European Starlings used the same nest box
within the same breeding season. In recent years, nesting productivity of American Kestrels has decreased,
with the average number of nestlings, fledglings, and nesting success rate all declining, while the average
clutch size remained constant. Our results suggest that American Kestrel nesting parameters in eastern
Pennsylvania are negatively associated with competition for nest boxes during the breeding season. The
opposing trends in occupancy for the European Starling and the American Kestrel in this study area coupled
with the declining productivity of American Kestrel nests raise concerns over the future of this raptor species
in eastern Pennsylvania.
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FALCO SPARVERIUS COMPITE CON STURNUS VULGARIS POR LAS CAJAS NIDO EN EL ESTE DE
PENSILVANIA

RESUMEN.—Falco sparverius ha estado disminuyendo constantemente en la mayor parte de su área de
distribución oriental en América del Norte, y la causa de esta disminución aún es relativamente desconocida.
Como especie que anida en cavidades, F. sparverius a menudo compite por las cajas nido con otras que
también anidan en cavidades, como Sturnus vulgaris, una especie invasora y abundante. La relación entre la
presencia de S. vulgaris en los lugares de crı́a y la ocupación y el éxito de crı́a de F. sparverius está poco
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estudiada. Analizamos los datos de cajas nido monitoreadas en el este de Pensilvania, EEUU, desde 1992
hasta 2021, para identificar cambios en la ocupación de F. sparverius y competidores, y para examinar la
relación entre la competencia en las cajas nido y los parámetros de anidación de F. sparverius. Encontramos
que la ocupación de F. sparverius disminuyó mientras que la ocupación de S. vulgaris aumentó durante el
perı́odo de estudio. Todas las demás especies que ocupan cajas nido (mamı́feros pequeños, paseriformes,
búhos y serpientes) no mostraron tendencias significativas en la ocupación. En promedio, el 21% de las cajas
nido permanecieron desocupadas anualmente, y el 7% de las cajas ocupadas fueron utilizadas por F.
sparverius y competidores en la misma estación reproductiva. La presencia de estos competidores tuvo
asociaciones negativas con la ocupación, el tamaño de la puesta, el número de volantones producidos y el
éxito general de crı́a de F. sparverius. Especı́ficamente, la tasa del éxito de crı́a disminuyó en un 26% cuando
S. vulgaris utilizó la misma caja nido dentro de la misma estación reproductiva. En los últimos años, la
productividad de F. sparverius ha disminuido, con una caı́da en el número promedio de polluelos, volantones
y en la tasa de éxito de crı́a, mientras que el tamaño promedio de la puesta se mantuvo constante. Nuestros
resultados sugieren que los parámetros reproductivos de F. sparverius en el este de Pensilvania están
negativamente asociados con la competencia por las cajas nido durante la estación reproductiva. Las
tendencias opuestas en la ocupación para S. vulgaris y F. sparverius en esta área de estudio, junto con la
disminución de la productividad de los nidos de F. sparverius, plantean preocupaciones sobre el futuro de
esta rapaz en el este de Pensilvania.

[Traducción del equipo editorial]

INTRODUCTION

Globally, 18% of all bird species are considered
cavity nesters, the majority of which are secondary
cavity nesters that use cavities excavated by other
species (Van der Hoek et al. 2017). This resource is
often limited due to human development and the
removal of natural habitat such as decaying and old
growth trees (Cockle et al. 2011, Wiebe 2011,
Orchan et al. 2013). Interspecific competition for
nesting cavities is frequent throughout the world, as
several bird and mammal species can adequately use
the same type of site (Newton 1994, Valdez et al.
2000, Czeszczewik et al. 2008, Wiebe et al. 2020).
Nest box programs have been established and
maintained throughout North America to provide
supplemental nesting sites for birds in suitable
habitats where tree cavities are limited (Smallwood
et al. 2009, Bailey et al. 2020). However, nest boxes
also frequently invite other—often invasive—cavity
nesting species, which can exploit these sites and
negatively affect the target species for which the nest
box is intended (Newton 1994, Charter et al. 2010,
Stojanovic et al. 2021).

Across North America, a frequent nontarget
species using nest boxes is the invasive, nonnative
European Starling (Sturnus vulgaris), which is one of
the most abundant bird species on the continent
(Koenig 2003, Sauer et al. 2020). European Starlings
are fierce competitors for nest sites, often usurping
the cavities of other native species such as Northern
Flickers (Colaptes auratus), Red-bellied Woodpeckers
(Melanerpes carolinus), and Eastern Bluebirds (Sialia

sialis), among other woodpecker and songbird
species (Ingold 1994, Koenig 2003, Bailey et al.
2020). European Starlings’ persistence in renesting
and ability to dismantle the nests of competitors
means even larger cavity nesters that can prey upon
European Starlings are vulnerable to usurpation
(Wilmers 1987, McClure et al. 2015, Bailey et al.
2020). Understanding the larger impact of these
actions on native bird populations is often challeng-
ing because several biotic and abiotic factors can
independently or jointly drive change (Colléony and
Shwartz 2020). For some native bird species,
exploitative competition with an invasive bird
species has been associated with declines in body
size and subsequently, survival (Freed and Cann
2009). However, in most instances, even when
competition for nesting sites is common, this
interaction does not have population-level effects
on native birds (Koenig 2003, Baker et al. 2014,
Martin-Albarracin et al. 2015).

As a secondary cavity nesting species, the Ameri-
can Kestrel (Falco sparverius) will readily use artificial
wooden nest boxes as nesting sites (Smallwood et al.
2009). Interspecific competition between European
Starlings and American Kestrels for nest boxes has
been documented throughout their range (e.g.,
McClure et al. 2015, Kolowski et al. 2022). Some
studies have found that American Kestrels outcom-
pete European Starlings for a limited number of nest
boxes, potentially due to their larger relative size
(50% larger than European Starlings), which may
discourage usurpation by this invasive species
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(Bechard and Bechard 1996, Koenig 2003). Howev-
er, other studies have found that harassment by
European Starlings has caused American Kestrels to
abandon their nests in both artificial and natural
cavities and prevented American Kestrels from
taking over established European Starling nests
(Weitzel 1988, Loftin 1992, Rohrbaugh and Yahner
1997). Additional research suggests European Star-
lings contribute to the disappearance or predation
of American Kestrel eggs and even the decline of
local American Kestrel populations (Varland and
Loughin 1993, Rohrbaugh and Yahner 1997).
Clearly, conclusions regarding the ‘‘winner’’ of this
interspecific competition vary, as both species can
evict one another from nest boxes (Varland and
Loughin 1993). American Kestrels and European
Starlings have also been observed successfully using
the same nest box within the same breeding season,
adding another dimension to this relationship
(Wilmers 1987, Klucsarits et al. 1997).

For decades, the American Kestrel population has
been steadily declining throughout most of the
species’ eastern North American range (Bird 2009,
Sauer et al. 2020). The cause of this decline is still
relatively unknown, as various hypotheses—includ-
ing habitat loss, increased predation by Cooper’s
Hawks (Accipiter cooperii), pesticides, climate change,
and pathogens like West Nile Virus—have not
definitively explained this trend (Smallwood et al.
2009, McClure et al. 2017b). With the uncertainty
surrounding the cause(s) of this decline, it is
important to address all factors that could be
affecting the population. Despite being fierce
competitors for nesting cavities, European Starlings
are rarely addressed as a possible factor influencing
American Kestrel declines via their effect on
American Kestrel reproductive success (Bird 2009,
Kolowski et al. 2022). McClure et al. (2017b)
recommend that research should investigate drivers
of nest success within nest boxes, noting nest box
design and placement in relation to cover type and
landscape, but not directly mentioning competition.
Here, we correlate long-term trends of nest box
occupancy and nesting success in American Kestrels
with European Starling and other competitor (small
mammals, passerines, owls, and snakes) presence
over 30 yr. In turn, this study addresses whether
European Starlings and other competitors could
play a role in the sustained decline of the American
Kestrel in eastern North America. We predict that
American Kestrels encountering European Starlings
at nest boxes will have lower nesting success. We also

predict that European Starlings will have the highest
nest box occupancy of all competitor species, as the
European Starling is often the most common
nontarget species at American Kestrel nest boxes
(Loftin 1992, Klucsarits et al. 1997, Valdez et al.
2000).

METHODS

Study Area and Data Collection. From 1992 to
2021, researchers and volunteers from Hawk Moun-
tain Sanctuary (Pennsylvania, USA) consistently
monitored 60 nest boxes designed for American
Kestrels within a 40-km radius of the sanctuary. Nest
boxes all had the same shape and size, described by
Rusbuldt et al. (2006), and were located on utility
poles, trees, and buildings in open habitats, often on
or near agricultural land. All nest boxes were
checked in early May and again in early June for
occupancy, defined as the presence of at least one
egg (for American Kestrels) or nesting material or
eggs (for European Starlings and other species). If
occupied by American Kestrels, clutch size (the
number of eggs) was determined. Unoccupied nest
boxes (empty throughout the breeding season) and
nest boxes with nontarget species were recorded,
and nesting material and content from nonnative
species (e.g., European Starlings) were removed.
Nest boxes occupied by American Kestrels were
checked regularly around the estimated hatch date
(approximately 30 d after the last egg was laid or
every 14 d if laying date was unknown). After
hatching, the nestlings were counted and measured
at approximately 7 d and 21 d of age, and if feasible,
at 14 d of age. For nest boxes occupied by American
Kestrels, a nesting attempt (a nest with at least one
egg) was considered successful (i.e., nesting success)
if at least one nestling reached 80% of fledging age
(approximately 21 d; Griggs and Steenhoff 1993,
Steenhof and Newton 2007). Multi-species occupan-
cy was recorded if both species occupied the same
nest box within the same breeding season, irrespec-
tive of the order of occupancy.

Statistical Analyses. First, we used generalized
linear models (GLM) to assess (1) changes in nest
box occupancy over time (with year as a continuous
variable) by American Kestrels, European Starlings,
and other species, (2) trends in the percentage of
unoccupied nest boxes, and (3) trends in the
percentage of nest boxes occupied by both Ameri-
can Kestrels and competitors in the same breeding
season. Models were built using occupancy as a
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binomial variable (1¼ occupied, 0¼ not occupied)
and logit links functions.

Second, we used generalized linear mixed models
(GLMM) to evaluate the relationship between
European Starling and other species occupancy on
the response variables of American Kestrel occupan-
cy, clutch size, number of fledglings, and nesting
success. Nesting success and occupancy models were
built using a binomial distribution and logit links
functions with the response variable being 1
(successful/occupied) or 0 (not successful/not
occupied), and nest box ID was included as a
random factor and year as a covariate in all analyses.
The clutch size model was built using a Conway-
Maxwell-Poisson distribution with a log link func-
tion. The number of fledglings model was built
using a Poisson distribution with a log link function.

Third, we used GLMs to assess overall American
Kestrel nest productivity using clutch size, number of
nestlings, and number of fledglings produced
annually as the response variables. The clutch size
model was built using a Conway-Maxwell-Poisson
distribution with a log link function. The number of
nestlings and number of fledglings models were
built using a Poisson distribution and a log link
function. We did these analyses on both the entire
study period (1992–2021) and post-2005 (2006–
2021). A previous study (Rusbuldt et al. 2006) within
the same study area and nest box network, ending in
2005, suggested competition with European Star-
lings for limited nest cavities was high and could be
impacting American Kestrel productivity and nest-
ing success, which were decreasing at the time.
Therefore, we analyzed data post-2005 to determine
whether these trends continued. Likewise, we used
GLMs using a binomial distribution and logit links
functions to identify trends in the nesting success,
both for the entire study period and post-2005.
Values reported in the results are means 6 standard
deviation (SD) except where noted as standard error
(SE), and a level of significance of P , 0.05 was used
for all statistical tests. All statistical analyses were
conducted in R version 4.1.1 (R Core Team 2021).

RESULTS

Annually, American Kestrels were the most fre-
quent occupants of nest boxes (x̄ ¼ 49.4 6 14.9%),
followed by European Starlings (x̄ ¼ 25.7 6 8.0%),
and all other species (x̄ ¼ 7.6 6 4.4%). We found
that American Kestrel nest box occupancy decreased
over time (b ¼�0.056 6 0.006 [SE], Z ¼�9.45, P
, 0.001) whereas European Starling occupancy

increased over time (b ¼ 0.037 6 0.007 [SE], Z ¼
5.58, P , 0.001; Fig. 1). We found no difference in
other species occupancy over time at nest boxes (b¼
�0.013 6 0.011 [SE], Z¼�1.186, P¼ 0.236; Fig. 1).

The percentage of unoccupied nest boxes aver-
aged 20.7 6 10.7% (range: 0–45%), and increased
over the 30-yr period (b¼ 0.0398 6 0.007 [SE], Z¼
�5.582, P , 0.001). On average 7.0 6 8.0% of
occupied nest boxes had both American Kestrels
and competitors (i.e., European Starlings and other
species) using the same nest box within the same
breeding season.

GLMM results revealed that European Starling
occupancy had a negative association with American
Kestrel occupancy (b ¼ �3.413 6 0.216 [SE], Z ¼
�15.835, P , 0.001), clutch size (b ¼ �0.206 6

0.043[SE], Z ¼ �4.766, P , 0.001), number of
fledglings (b ¼�0.689 6 0.149 [SE], Z ¼�4.634, P
,0.001), and nesting success (b ¼�1.044 6 0.374
[SE], Z ¼ �2.789, P ¼ 0.005). Specifically, nesting
success decreased by 26% (from 77.9% to 51.9%)
when European Starlings used the same nest box
within the same breeding season. In addition, other
species’ occupancy was also negatively associated
with American Kestrel occupancy (b ¼ �1.360 6

0.244 [SE], Z¼�5.564, P , 0.001), and number of
fledglings (b¼�0.313 6 0.133 [SE], Z¼�2.348, P¼
0.02), but did not influence clutch size (b¼�0.085
6 0.045 [SE], t¼�1.905, P¼0.06) or nesting success
(b¼�0.532 6 0.411 [SE], Z¼�1.295, P¼ 0.195).

Overall, we found no trend in American Kestrel
nesting productivity throughout the 30-yr study
period, with no difference in clutch size (b ¼
�0.0013 6 0.008 [SE], t ¼ �1.710, P ¼ 0.087),
number of nestlings (b¼�0.0029 6 0.0023 [SE], Z¼
�1.25, P¼0.208), number of fledglings (b¼�0.0019
6 0.0024 [SE], Z ¼ �0.79, P ¼ 0.429), or nesting
success (b¼�0.0082 6 0.0094 [SE], Z¼�0.876, P¼
0.381; Fig. 2). However, in recent years (2005 to
2021) the average number of nestlings (b¼�0.029 6

0.006 [SE], Z ¼ �4.556, P , 0.001), number of
fledglings (b¼�0.029 6 0.006 [SE], Z¼�4.478, P ,

0.001), and nesting success significantly decreased
(b ¼�0.085 6 0.025 [SE], Z ¼�3.316, P , 0.001),
while the average clutch size remained constant (b¼
�0.003 6 0.002 [SE], t¼�1.39, P¼ 0.16; Fig. 2).

DISCUSSION

Although we did not explicitly study interspecific
interactions at nest boxes, our results support our
prediction that American Kestrel reproductive rate
in eastern Pennsylvania is negatively associated with
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competition for nest boxes during the breeding
season. When competitors (regardless of species)
used the same nest box as American Kestrels within
the same breeding season, American Kestrel occu-
pancy, clutch size, and number of fledglings
decreased compared to nest boxes without compet-
itors. In addition, American Kestrel nesting success
was 26% lower in nest boxes that were also occupied
by European Starlings during the breeding season, a
value that is comparable to that documented in an
earlier study in eastern Pennsylvania (i.e., 28%;
Rohrbaugh and Yahner 1997). However, because the
majority of analyses indicate negative associations
between competitor presence and American Kestrel
reproductive parameters, regardless of the compet-
itor species, the conclusion that American Kestrel
reproductive rate is also negatively associated with
the presence of other (non-European Starling)
species is plausible. Temporal differences in the
association between European Starling presence and

Figure 2. Average nesting success (top panel) and average
nest productivity (number of eggs, nestlings, and fledg-
lings; bottom panel) of American Kestrels at nest boxes (n¼
60) from 1992–2021 near Hawk Mountain Sanctuary, PA,
USA. Vertical dotted lines represent the starting point of
the post-2005 analysis.

Figure 1. Species occupancy of American Kestrel nest boxes (n¼ 60) from 1992–2021 near Hawk Mountain Sanctuary,
PA, USA. Dotted lines represent logistic regressions for each species group.
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American Kestrel nesting success (whether success is
greater when American Kestrels occupy a nest box
before versus after European Starlings) needs
further research.

European Starlings occupied a quarter of nest
boxes available, more than all other species com-
bined, supporting our prediction that European
Starlings would have the highest occupancy of
nontarget species. The opposing trends of American
Kestrel and European Starling occupancy are
concerning, as European Starlings will soon surpass
American Kestrels as the most common occupant of
Hawk Mountain Sanctuary nest boxes if this trend
continues. This trend differs from that reported
earlier, i.e., stable occupancies for both species from
1992–1997 within the same study area (Valdez et al.
2000). Occupancy trends of these two species
suggest that European Starlings are actively taking
sites from American Kestrels over time. Breeding
Bird Survey data further highlight the significance of
these trends, as European Starlings have been
declining in Pennsylvania yet their occupancy of
nest boxes has been increasing (Sauer et al. 2020).
Conversely, the decline of American Kestrel occu-
pancy in our nest boxes coincides with the decline of
American Kestrel populations in much of eastern
North America (Sauer et al. 2020). However, a
decline in occupancy at monitored nest boxes or a
negative correlation between American Kestrel and
European Starling occupancy does not necessarily
mean that the population is declining (McClure et
al. 2017a) or impacted solely by competition. Given
stable habitat conditions and reproductive rates at
nesting sites over time, a decline in American Kestrel
occupancy at nest boxes could reflect increased
mortality during the nonbreeding season (Small-
wood et al. 2009), or be influenced by immigration
and adult survival (McClure et al. 2021). Another
consideration is that increased European Starling
occupancy could be a result of, rather than a
contributor to, American Kestrel occupancy declines
and nest failures. Bridging the gap between corre-
lation and causation is needed to better understand
the dynamic between these two species.

The high variability in the number of unoccupied
nest boxes is also noteworthy and could be due to
variability in nest box/cavity availability at sites not
monitored within this study (McClure et al. 2017a).
This study attempted to reduce this bias by analyzing
a stable number of nest boxes that have existed
throughout the entire study period. Indeed, the
abundance of surrounding nest boxes has changed

through time (i.e., Hawk Mountain Sanctuary
monitored more nest boxes in the 1990s than today;
Katzner et al. 2005), but one would expect unoccu-
pied nest box frequency to be higher in the early
years (opposite of our findings) because there were
likely more potential cavities in the study area. In
most years the percentage of unoccupied nest boxes
was .10%, and this percentage increased over time,
suggesting that American Kestrel-European Starling
competition exists not due to a lack of nesting
cavities, rather, because American Kestrels and
European Starlings fight over the highest-quality
sites. American Kestrels may compete with European
Starlings over prime sites rather than settle for an
unoccupied, poorer-quality site. Further research on
this topic is warranted.

The declining trend of American Kestrel nest
productivity (i.e., number of nestlings and fledglings
per occupied nest) and nesting success in recent
years is interesting as the average clutch size has
remained constant. The cause of this apparent
decline in nestling survival needs further research.
Additionally, it is important to note that American
Kestrel productivity and nesting success started to
noticeably decline in 2005 in our study area (Fig. 2),
contrary to Rusbuldt et al. (2006) who reported a
decline in earlier years in the same study area.
However, 2005 was the year with the lowest recorded
American Kestrel occupancy (i.e., 25%), which was
consistent with Rusbuldt et al. (2006). It is possible
that multiple threats arose and subsided since 2005
to produce an apparently steady decline in American
Kestrel productivity and nesting success through
time (McClure et al. 2017b).

Based on our results, future studies should
monitor the decline of American Kestrel occupancy
while implementing strategies that discourage Eu-
ropean Starling occupancy at American Kestrel nest
boxes. For example, the frequency of usurpation by
European Starlings may be less at nest boxes with low
concealment, larger entrance holes, and a higher
light intensity inside the box (Curley et al. 1987,
Wilmers 1987, Rohrbaugh and Yahner 1997).
Avoiding habitats preferred by nontarget species is
a similar management strategy (Stojanovic et al.
2021), but might be difficult in this situation
considering the ability of European Starlings to
adapt to a large variety of habitats (Higgins et al.
2006). An additional obstacle involves the hetero-
specific habitat copying hypothesis, in which com-
petitors use public information (such as breeding
success) of other species to indicate habitat quality
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(Parejo et al. 2005). Under this scenario, highly
successful American Kestrel sites could be favored by
European Starlings because of their success, which
could lead to increased competition. Looking
forward, the opposing trends of European Starling
and American Kestrel occupancy coupled with the
declining productivity of American Kestrel nests in
this study area raise concerns over the future of this
raptor species in eastern Pennsylvania, with potential
implications for other areas experiencing American
Kestrel declines. Taking actions to reduce competi-
tion at sites could aid in slowing down or reversing
these trends.
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