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Abstract: European starling (Sturnus vulgaris; starling) nesting poses debris hazards within 
airport hangars and to engine and flight surfaces of moored aircraft. We questioned whether 
consistent removal of nest material would negatively affect use of a nest site, measured by 
a reduction in material accumulation. We conducted our study on a 2,200-ha site in Erie 
County, Ohio, USA (41° 22’ N, 82° 41’ W), from April 15 through June 2, 2020. We used 120 
wooden nest boxes on utility poles, protected by an aluminum predator guard below the box. 
Our treatments included (1) twice weekly, repeated nest material removal (RMR; n = 40 nest 
boxes); (2) complete nest removal, but only after nest construction and ≥1 starling egg was 
laid (CNR; n = 40 nest boxes); and (3) a control; n = 40 nest boxes; N = 120 nest boxes). 
Starlings deposited approximately 50% greater mass of nest material and eggs at RMR than 
CNR nest boxes, indicating that consistent disturbance failed to dissuade use. Predator guard 
protection of nest boxes at our site reduced nest predation of starlings; the current starling 
population is likely adapted to selecting these sites. Similar selection toward low nest-predation 
risk associated with anthropogenic structures and moored aircraft is also possible. Aside from 
covering moored aircraft and closing hangar doors, actions not necessarily feasible, removal 
of starling nesting material more than twice weekly would be necessary to maintain minimum 
control over material deposition that could affect aircraft function and safety.

Key words: airport hangars, European starling, invasive species, nest disturbance, nest 
predation risk, nest site selection, Ohio, secondary cavity nester, Sturnus vulgaris

Wildlife species are continuously con-
fronted with varying levels of perceived and ac-
tual predation risk to which they must adapt or 
succumb (Laundré et al. 2010). Nest predation, 
in birds for example, acts as a significant selec-
tive force because of its effects on reproduction, 
influencing nest types and concealment, mat-
ing behaviors, and reproductive behavior, and 
physiology (Ricklefs 1969, 1977; Slagsvold 1982; 
Lima 1987; Martin 1988, 1993, 1995; Bradley and 
Marzluff 2003; Lima 2009; Martin and Briskie 
2009). However, perception of nest predation 
risk varies relative to open-cup, primary-, and 
secondary-cavity nesters (Nice 1957; Nilsson 
1984; Martin 1993, 1995); cavity-nesting spe-
cies generally experience lower nest predation 
(Nice 1957, Martin 1993, Fontaine et al. 2007, 
Mouton and Martin 2018). 

Also, perceived risk of predation (at the nest 

or otherwise) is influenced by direct experience 
(Griffin et al. 2001, Brown et al. 2013, Bogrand 
et al. 2017, Bleicher et al. 2018), chronology or 
frequency of predation (Lima and Dill 1990; 
Lima 1998a, b), and observing predation at-
tempts on conspecifics or neighbor nests (Mar-
zluff 1985; Lima and Dill 1990; Lima 1998a, b; 
Lima 2009; Creel et al. 2017). Manipulation of 
perceived risk of nest predation by birds has 
shown both behavioral (i.e., nest site selection, 
timing of nesting, nest abandonment, changes 
in provisioning) and physiological responses 
within a breeding season (i.e., reproductive 
output, such as clutch size and offspring pro-
duced; Fisher and Wiebe 2006, Mönkkönen et 
al. 2009, Zanette et al. 2011, Amo et al. 2017). As-
sessments of responses by cavity-nesting bird 
species to manipulation of perceived nest pre-
dation risk, particularly direct predation (i.e., 
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presence of an actual predator or model effect-
ing perception of immediate lethality) prior to 
reproduction, are few and have varied relative 
to target bird species, predator model, position, 
timing of exposure, and behavioral metrics 
(e.g., enhanced vigilance, site abandonment; 
Fisher and Wiebe 2006, Parejo and Avilés 2011, 
Stanback et al. 2018, Blackwell et al. 2021). 

We contend that a focus on pre-reproduc-
tive enhancement of nest predation risk holds 
promise in refining means (i.e., integration of 
methods; Conover 2002, Blackwell et al. 2016) 
to control invasive bird species. For example, 
efforts to control nesting by the European star-
ling (Sturnus vulgaris; starling) are numerous 
(Seamans et al. 2015), but only recently has 
research focused on possible means to exploit 
antipredator response during nest-site selec-
tion (Blackwell et al. 2018, 2020, 2021). Since 
introduction to the United States in the 1880s, 
the starling has expanded its distribution to in-
clude much of North America (Chapman 1925, 
Kessel 1957, Linz et al. 2007) as well as South 
Africa (Winterbottom and Liversidge 1954), 
Australasia, Pacific and Caribbean islands 
(Feare 1984), and South America (Pérez 1988, 
Zufiaurre et al. 2016). The starling has been 
considered a competitive threat to indigenous 
cavity-nesting birds (Kalmbach and Gabrielson 
1921; Brush 1983; Kerpez and Smith 1990; Cabe 
1993; Ingold 1994 [but see Koenig 2003, Koenig 
et al. 2017]; Cabe 2020). Further, the species is a 
recognized pest relative to interactions with hu-
mans (Feare 1984, Pimentel et al. 2000, Linz et 
al. 2007, Lewis and Conover 2018), particularly 
its threat to food (Linz et al. 2007, Homan et al. 
2017) and aviation safety (DeVault et al. 2011, 
2018; Psiropoulos and Selner 2019; Dolbeer et 
al. 2021).

Our recent research focusing on enhancing 
perceived nest predation risk (i.e., indirect and 
direct predator cues), has failed to deter starling 
nesting (Blackwell et al. 2018, 2020, 2021). How-
ever, there is ample evidence that anthropogen-
ic disturbance (Mouillot et al. 2013) can affect 
both selection of breeding territory and site in 
open-cup and cavity-nesting species (Remacha 
and Delgado 2009, Bötsch et al. 2017), but vari-
ably given tolerance of the species to human ac-
tivity (Remacha and Delgado 2009). Still, even 
human-tolerant, secondary-cavity nesters can 
experience reduced reproductive success from 

disturbance (Strasser and Heath 2013). Further, 
capture and handling of adult starlings from 
nest boxes by researchers, and followed by re-
lease, can stimulate nest abandonment during 
incubation and brooding stages (Royall 1966), 
presumably because of perceived risk. In other 
words, why would starlings fail to maintain in-
cubation or the brood unless the risk perceived 
warranted selection of an alternative site or for-
going breeding? Importantly, studies involving 
direct disturbance of starling nesting by hu-
mans acting as predators with the intent of in-
ducing site abandonment are rare (Heusmann 
and Bellville 1978); we know of no work report-
ing starling nesting metrics relative to consis-
tent efforts at nest material removal.

Our purpose was to assess continued use of 
a nest site within a breeding season by star-
lings (not necessarily the same pair of birds) 
relative to consistent efforts to prevent nest 
establishment, and whether concerted distur-
bance would limit build-up of material that 
can pose hazards to aviation safety via foreign 
object debris in hangars, aircraft engines, and 
flight surfaces (Bridgman 1962, Jackson 2000, 
Psiropoulos and Selner 2019). Hangars, ideally, 
and moored aircraft, especially, should be rou-
tinely inspected for potential foreign object de-
bris sources, but frequency and thoroughness 
vary (Psiropoulos and Selner 2019). Further, the 
presence of nesting starlings on an airport like-
ly increases the risk of bird–aircraft collisions, 
as nesting starlings will forage within 100 m of 
their nests (Heldbjerg et al. 2017). 

We hypothesized that consistent efforts to 
prevent nest establishment, via material re-
moval, would reduce site use by inducing 
abandonment of the nest box by affected pairs 
due to direct disturbance, but also negatively 
affect usurping of the site by other starlings due 
to observing our “predation” at the site and 
neighbor nest boxes (Marzluff 1985; Lima and 
Dill 1990; Lima 1998a, b; Lima 2009; Creel et al. 
2017). As such, we predicted that our consistent 
disturbance would result in less material de-
posited in nest boxes over the course of the ex-
periment. Alternatively, the starling population 
could show persistence in selection of a nest 
box, despite frequent disturbance. Specifically, 
prey likely require a high degree of certainty 
about their environment and risks to effectively 
allocate activities (Luttbeg 2017, Stanback et al. 
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2018, Meuthen et al. 2019), including shifting to 
alternative nest sites (Stanback et al. 2018). Im-
portantly, we did not color mark starling pairs; 
thus, our hypothesis and predictions refer to 
use of nest boxes on our site by the local star-
ling population. 

Study area
We conducted our study on the 2,200-ha Na-

tional Aeronautics and Space Administration 
Neil Armstrong Test Facility (ATF; formerly 
the Plum Brook Station; Figure 1), Erie County, 
Ohio, USA (41° 22’ N, 82° 41’ W) during spring 
and summer 2020. The ATF comprises a mix of 
old field, grasslands, open woodlands, mixed 
hardwood forest, and anthropogenic structures 
segmented by numerous access roads (see land 
cover description by Bowles and Arrighi 2004, 
Tyson et al. 2011, DeVault et al. 2014). For the 
month preceding our opening of nest boxes 
and approximately 1 month thereafter (March 
through May 2020), the U.S. National Weather 
Service reported average (SD) temperatures of 
9.8 (13.7) °C, as well as 13.6 (4.0) cm of rain and 
4.7 (4.7) cm of snow (https://www.weather.gov/
wrh/climate?wfo=cle).

Methods
Experimental design

Like Blackwell et al. (2018, 2020, 2021), we 
used 120 wooden nest boxes (length, depth, 
width: 28 x 13 x 17 cm with 5.1-cm-diameter en-
trances) attached to utility poles approximately 
2.5–3.0 m above the ground, depending upon 
slope, and protected with an aluminum preda-
tor guard below the box (Figure 2); each box is 
approximately 60 m (range: between ~50 m and 
80 m) from the nearest box. Our study was con-
strained to no more than 120 boxes from a logis-
tics perspective, which included site availabili-
ty and personnel. Like previous, similar studies 
on ATF, these nest boxes had a removable roof 
for efficient nest checks (Blackwell et al. 2018). 
Because of pole availability and location, not all 
boxes faced the same direction. However, pre-
vious research has not reported effects of cavity 
entry orientation on use of boxes (Seamans et 
al. 2015). Further, we numbered each box se-
quentially, following road sections of neighbor 
boxes, up to 120. Our treatment order was ran-
domly assigned over the first 3 nest boxes and 
continued systematically thereafter over trip-
lets of boxes and through box 120. Thus, nest 

Figure 1. Google Earth Pro 2021 image of the mid-continental and Atlantic coast of the United States with 
the northcentral Ohio study site shown. The study site was located on the 2,200-ha National Aeronautics and 
Space Administration Neil Armstrong Test Facility (formerly the Plum Brook Station), Erie County, Ohio, USA 
(41° 22’ N, 82° 41’ W), depicted within the circled area. The study site, including 120 nest boxes, was used to 
evaluate European starling (Sturnus vulgaris) response to human disturbance at nest sites during spring and 
summer 2020.  
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box triplets were distributed spatially across 
our study area and, subsequently, evenly re-
garding entrance orientation. 

Also, starlings in northern Ohio have been 
found to overwinter (B. F. Blackwell, B. N. Buck-
ingham, and M. B. Pfeiffer, U.S. Department of 
Agriculture [USDA], personal observations; see 
also Kessel 1953), and resident starlings over-
wintering on breeding grounds will begin to 
investigate prior and new candidate nest sites 
during late winter through early spring (Kessel 
1957, Morrison and Caccamise 1985). During Fall 
2019, all remnant nest material in nest boxes was 
removed and all entrances were closed. Though 
not quantified, anecdotal evidence of starlings 
visiting closed next boxes during late winter and 
early spring (B. F. Blackwell, B. N. Buckingham, 
and M. B. Pfeiffer, USDA, personal observations) 
indicates sustained interest in our sites.

Our treatments were intended to represent 
a consistent, twice weekly disturbance of nest-
ing as well as a periodic disturbance more 

representative of encountering a nest or ma-
terial within a hangar or within components 
of a moored aircraft. As such, the treatments 
comprised (1) repeated, nest material removal, 
which occurred upon each check and included 
any starling eggs deposited between checks 
(RMR; n = 40 nest boxes); (2) complete nest 
removal, which involved removal of the com-
pleted nest structure and eggs, but only after ≥1 
egg was laid (CNR; n = 40 nest boxes); and (3) 
a control (no treatments other than nest checks 
for data collection; n = 40 nest boxes). No eggs 
of indigenous species were removed. 

To be clear, we could not check nest boxes 
frequently enough to thwart all egg laying at 
RMR nest boxes. As such, we anticipated the 
possibility of removing complete nests and 
eggs from RMR sites. The distinction between 
RMR and CNR treatments, therefore, relates to 
the point in the nesting process when disrup-
tion of nesting was likely to occur (e.g., nest 
construction at RMR sites), but also the fre-
quency of disturbance thereafter. In our most 
recent study (Blackwell et al. 2021), we found 
on average 10 days between observation of the 
first nesting material and first egg. Such timing 
would allow 4 instances (i.e., spanning 14 days 
by our protocol) of material removal at an RMR 
site prior to treatment at a CNR nest box. 

Also, starling breeding phenology has been 
linked, in part, to mid-winter temperatures (in 
North America), but with mean laying date fall-
ing within early to mid-April (Williams et al. 
2015). We opened nest boxes on April 15.

We inspected each box twice weekly, begin-
ning on April 21. Two observers inspected nest 
boxes each week at approximately 0800 hours 
and continuing through approximately 1300 
hours. We randomly selected the direction of 
nest box inspection (e.g., box 1 to 120 or the op-
posite) on the first day and alternated thereaf-
ter. The same observers collected data through 
completion of the study. We recorded the ap-
proximate ordinal date of first nest material 
(which could be due to starling or, possibly, 
Eastern bluebird [Sialia sialis] activity), appear-
ance of the first nest bowl (Blackwell et al. 2018), 
and first egg.

The pace of starling nest construction varies 
by pair, and we had no a priori date by which 
we expected nest bowl formation. Also, starlings 
generally lay 1 egg per day, begin incubation 

Figure 2. Image of a wooden nest box and preda-
tor guard below box, 1 of 120 nest boxes located 
on the 2,200-ha National Aeronautics and Space 
Administration Neil Armstrong Test Facility (formerly 
the Plum Brook Station), Erie County, Ohio, USA 
(41° 22’ N, 82° 41’ W). These boxes were used 
to evaluate European starling (Sturnus vulgaris) 
response to human disturbance at nest sites during 
spring and summer 2020. This image was pub-
lished originally in Blackwell et al. (2018).



5 Human–Wildlife Interactions 16(1)

with the next-to-last or last egg laid, and incu-
bate for approximately 12 days; young hatch 
asynchronously (Feare 1984). We estimated date 
of first egg by subtracting the total number of 
eggs within a nest when first encountered from 
the date of the observation (Blackwell et al. 2018). 

Additionally, we noted whether a CNR (i.e., 
prior to nest removal) or control nest appeared 
to have been abandoned, suffered predation, 
or had evidence of infanticide (e.g., eggs or, for 
control nest boxes, young found at base of the 
utility pole). We considered nests as abandoned 
if there was no adult activity apparent over at 
least 2 checks, eggs were cold, and the nest re-
vealed no evidence of recent maintenance or 
incubation. Given that we removed all mate-
rial and any starling eggs from RMR sites upon 
each check, we could not assess site abandon-
ment by an affected pair.

We considered predation likely if there was 
evidence of destroyed eggs inside the box, nest 
material was disrupted, or complete clutches 
were missing (i.e., control nests only). When 
eggs were encountered below the pole and 
prior to our observation of laying (CNR and 
control nests), we continued observations at the 
box. If eggs were discovered below the pole but 
the nest remained active, though with fewer 
eggs, we continued observations of the nest. In 
other words, it was possible that intraspecific 
competition for a nest site (Evans 1988, Lom-
bardo et al. 1989, Romagnano et al. 1990, Feare 
1991) or predation could have disrupted nest-
ing before we made our observations as well 
as after a clutch was initiated. We considered 
abandonment or predation at CNR nest boxes 
as potential, indirect effects of our treatment 
and, therefore, continued our treatments and 
observations. However, if a control nest suf-
fered abandonment, predation, or infanticide, 
we ended observations at that nest box. 

We quantified the mass of material (i.e., 
with any starling eggs) collected per nest box 
at RMR nest boxes upon each check, or upon 
finding ≥1 egg at CNR nest boxes, via known-
weight plastic bag and Pesola spring scale. We 
did not weigh individual eggs or the clutch 
(starling egg mass in the first clutch has been re-
ported to be approximately 7.2 g/egg; Ricklefs 
1984). At CNR nest boxes, nests of indigenous 
cavity-nesting species (identified after an egg 
was laid) were not removed, and the nest box 

was removed from the study. Further, if an in-
digenous species constructed a nest at any nest 
box and deposited ≥1 egg, or the box was oc-
cupied by a mammal (Rodentia), between our 
site checks, that nest box was removed from the 
study. We concluded our observations for the 
experiment with the hatching of the last 2 con-
trol nests for which the first clutch was depos-
ited during May. 

Statistical analyses
As noted above, we were constrained to 120 

nest boxes, but we questioned whether our 
sample of 40 boxes per treatment would allow 
us to detect at least a moderate management ef-
fect, considering that not all boxes are typically 
occupied by starlings (Blackwell et al. 2018). 
Specifically, we were interested in more than 
discerning a possible statistical effect of our 
treatments, but whether the observed effects 
were biologically meaningful to the manage-
ment of starling nesting, particularly regard-
ing nest material accumulation. Therefore, 
we conducted a priori sample size estimation 
and power analyses, based on previous star-
ling research at ATF (Appendix 1). Given our 
previous research and assumptions regarding 
a management effect size (Cohen 1988, Nak-
agawa and Cuthill 2007, Lakens 2022), we con-
sidered that our sample of 40 boxes available 
per treatment, assuming minimum starling oc-
cupancy ≥57.5%, would allow us to discern at 
least a modest effect (per Cohen 1988) of treat-
ment (Appendix 1).

To index possible unmeasured site differ-
ences that could affect starling nesting, we com-
pared the likelihood of starling occupancy of a 
nest box between CNR and control nest boxes 
via generalized linear model, binomial distri-
bution, and logit link (Proc Genmod, SAS 9.2). 
To assess the effects of our nest disturbance 
treatments, we calculated effect sizes (Cohen 
1988, and as indicated above) for treatment 
pairs and relative to a priori, assumed magni-
tude of effects (i.e., a reasonable management 
effect) of our RMR treatment on mean ordinal 
date of first nest bowl formation (i.e., RMR vs. 
CNR; RMR vs. control; CNR vs. control) and 
first egg (RMR vs. control only), and mean 
(across nest boxes within treatment) total mass 
of material removed (RMR vs. CNR, only). We 
used Cohen’s d (where d = 0.50 is considered 
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as a medium effect size, and values >0.50 in-
dicate a larger effect; Cohen 1988, Nakagawa 
and Cuthill 2007, Lakens 2022). Cohen’s (1988) 
formula is expressed as a ratio of the difference 
between 2 means (i.e., a comparison mean that 
might be derived from related research and a 
mean representing the desired management ef-
fect) to the pooled sample standard deviation. 

Although we had no data to reference for star-
ling nest material from similar prior studies, we 
anticipated the magnitude of treatment effects 
would be expressed as at least a 7-day delay in 
the mean ordinal date of formation of the first 
nest bowl at RMR nest boxes, as well as a 7-day 
delay in mean ordinal date of first egg. Also, we 
anticipated a 50% reduction in mean total weight 
of nest material at RMR versus CNR nest boxes 
(i.e., per our primary prediction). 

Our methods (Protocol QA-3190) were re-
viewed and approved by the U.S. Department 
of Agriculture, Wildlife Services, National 
Wildlife Research Center Institutional Animal 
Care and Use Committee. Other than starling 
eggs, no animals were injured or killed during 
our study.

Results
We monitored boxes twice weekly from April 

21 through June 2, 2020, following all control 
nests through hatching or nest termination due 
to clutch loss or abandonment. Because we as-
sumed that our treatments would also affect 

nesting at control nest boxes (e.g., egg dump-
ing; Evans 1988, Power et al. 1989, Stouffer and 
Power 1991, Blackwell et al. 2020), we ceased 
treatments at RMR and CNR nest boxes by 
May 26, when only 2 control nests remained for 
monitoring of hatching success (recorded on 
June 2). We found that 91% of nest boxes (n = 
109) had some nest material deposited by April
21, only 6 days after opening the boxes (control:
37 nest boxes; CNR: 37 nest boxes; RMR: 35
nest boxes). Starlings eventually occupied 100
nest boxes (83%) over the period of the study
(Table 1). Only 5 nest boxes (4.2%) were used
by indigenous species, and we omitted 3 nest
boxes under the CNR due to error in treatment
application in the field (Table 1); 15 nest boxes
were not used for nesting by any species (Table
1). Additionally, 8 nests in control boxes were
likely depredated (disappearance of entire
clutch = 7 nests; disappearance of hatchling =
1 nest), while no abandonments or instances of
infanticide were noted. We found no evidence
of predation for CNR nests.

Relative to our a priori planning concerning 
necessary sample size and power (Appendix 1), 
our sample size of occupied boxes per treatment 
exceeded findings reported by Blackwell et al. 
(2021; Table 1). Further, our observed variability 
in ordinal date of first egg for RMR nests (the 
metric used in our sample size estimation; Ap-
pendix 1) was 44% lower than our assumption of 
twice the variability reported by Blackwell et al. 

Table 1. Nesting data for 120 wooden nest boxes attached to utility poles and located on the 
National Aeronautics and Space Administration Neil Armstrong Test Facility, Erie County, Ohio, 
USA, and intended for human disturbance treatments against European starlings (Sturnus vulgaris) 
during April through early June 2020.  Treatments comprised control or no disturbance, other than 
nest checks; CNR, entailing complete nest removal after appearance of an egg; and RMR, involving 
repeated removal of nest material upon each check to the nest box.
Treatment Empty 

nest 
boxes

Nest boxes 
occupied by 
indigenous 
speciesa

Nest boxes 
with nest 
bowlb

Ordinal date 
nest bowl 
(SD)b

Starling 
occupied 
(>1 egg) nest 
boxesc

Ordinal date 
first egg 
(SD)c

Control 4 2 36 118.0 (6.0) 34 120.7 (6.2)
CNR 6 1 38 118.2 (9.0) 31 119.8 (9.2)
RMR 5 2 36 118.7 (8.8) 33 124.7 (8.4)
aControl: northern flying squirrel (Glaucomys volans), 1 nest box; Eastern bluebird (Sialia sialis), 1 nest 
box; CNR:  northern flying squirrel, but also observations of a red squirrel (Tamiasciurus hudsonicus), 
1 nest box; RMR: tree swallow (Tachycineta bicolor), 2 nest boxes.
bEvidence of a completed nest structure.
cMetric affected by removal of CNR nests from study due to error in treatment application (2 nests 
removed for starling-occupied nest boxes and ordinal date of first egg, n = 31 nests; 3 nests removed 
for maximum clutch size, n = 30 nests). 
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(2020) or SD = 15.0 days (Table 1). As a result, we 
realized Power ≈ 0.97 to detect a management ef-
fect of the RMR treatment on ordinal date of first 
egg (G*Power, https://www.psychologie.hhu.
de/arbeitsgruppen/allgemeine-psychologie-
und-arbeitspsychologie/gpower.html). 

Regarding potential unmeasured site differ-
ences, we found no difference between control 
and CNR nest boxes relative to the likelihood of 
starling occupancy (Table 1; control, likelihood 
= 1; CNR, likelihood = 0.94; treatment effect: df 
= 1, χ2 = 2.9, P = 0.09). We note that our removal 
of CNR nests from the study (noted earlier rela-
tive to treatment error in the field), affected our 
metric for ordinal date of first egg (2 nests re-
moved from study; Table 1), contributing to the 
absolute difference (6%) in likelihood. 

Contrary to our prediction, our effect sizes, d, 
across treatments for ordinal date of first nest 
bowl (Table 1) were <0.1, thus indicating no 
management effect (Cohen 1988) of the RMR 
treatment on rate of construction of the nest. 
Further, at RMR nest boxes, we found on av-
erage 37 boxes per check (SE = 1.8 boxes; n = 
10 checks) that contained some amount of nest 
material. 

We encountered our first starling-occupied 
(i.e., completed nest and ≥1 egg) nest box, an 
RMR treatment, on the first check, 6 days after 
opening next boxes. However, after our fourth 
next box check (April 30), we had removed 17 
starling nests with eggs. Despite our consistent, 
repeated removal of nest material at RMR next 
boxes, we found on average 8.4 starling-occu-
pied nest boxes (with ≥1 egg) per check (SD = 8.4 
nests; maximum for any single check = 23 nests; 
n = 10 checks; Table 1). At control nest boxes, we 
found an average 20.7 starling-occupied nest 
boxes per check (SD = 14.6 nests; maximum for 
any single check = 33 nests; n = 10 checks; Table 
1). Also, we found approximately a 4-day delay 
in date of first egg at RMR versus control nest 
boxes (Table 1), yielding an effect size d = 0.54. 
In other words, our treatment at RMR sites had 
only a modest effect on date of first egg, but less 
than our predicted management effect. 

Further, within the group of RMR nest boxes 
that had been noted as starling-occupied at any 
point during the experiment, we recorded on 
average 2.8 starling nesting attempts (SD = 1.4 
nesting attempts) per nest box; as noted above, 
we could not discern pair-specific attempts. We 

removed on average 53.4 g (SE = 29.9 g) of nest 
material and eggs per nest box/check at RMR 
nest boxes. We removed on average 530.12 g of 
nest material and eggs per box (SD = 308.20 g), 
and a cumulative total of 19,117 g of nest mate-
rial and eggs during the study, across 40 RMR 
nest boxes. 

At CNR nest boxes, we removed 33 starling 
nests as of April 30 (approximately 50% more 
nests than at RMR nest boxes). Further, we 
found on average 11.0 starling-occupied nest 
boxes per check (SD = 6.9 nests; n = 10 checks). 
Within starling-occupied CNR nest boxes, we 
recorded on average 3.9 starling nesting at-
tempts (SD = 1.9 nesting attempts) per nest box. 

We removed on average 105.2 g (SE = 26.6 g) 
of nest material and eggs per nest box/check. 
Also, we removed on average 420.20 g of nest 
material and eggs per nest box (SD = 210.7 g), 
and a total of 12,730 g of nest material and eggs 
during the study, across 31 CNR nest boxes 
(i.e., RMR nest boxes realized approximately 
50% more material than CNR nest boxes). Giv-
en these findings, our effect size (Cohen’s d = 
0.41) indicated no management effect of the 
RMR treatment on diminishing nest material 
deposition relative to CNR nest boxes, where 
starlings could complete nest construction and 
lay ≥1 egg undisturbed. We observed no aban-
donment of CNR nest boxes. 

Discussion
Removal of starling nests and nest material 

can, over years, diminish starling use of arti-
ficial cavities, but use will vary with starling 
population density (Heusmann and Bellville 
1978). Ours is the first study, however, to assess 
a starling population’s use and occupancy of 
nest boxes relative to consistent removal of nest 
material, within a breeding season. 

Importantly, we found no indications of un-
measured site differences that could have af-
fected starling use of our nest boxes. Although 
our RMR treatment necessarily excluded those 
nest boxes from assessment of likelihood of oc-
cupancy, we found relatively equal likelihoods 
of starling occupancy of CNR and control nest 
boxes. Further, there was no difference in the 
ordinal date of first egg between CNR and con-
trol nest boxes. 

In contrast to expectations, we found that dis-
turbance of nesting efforts involving repeated 
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nest material removal, which occurred upon 
each check and included any eggs deposited be-
tween checks (RMR nest boxes), had no detect-
able management effect on deposition of nest 
material in nest boxes. Although multiple spe-
cies can deposit or remove nest material during 
and after construction of a nest, starlings were 
likely the major contributors of nest material 
at our first detection. Again, individuals will 
overwinter in northern Ohio, the species is an 
early nester, and it is generally dominant to 
indigenous cavity-nesting species in competi-
tion for nest sites (Koch et al. 2012), except for 
mammals that roost and nest in cavities (e.g., 
southern flying squirrel [Glaucomys Volans]; 
Linz et al. 2007; Table 1) and American kestrels 
[Falco sparverius]; McClure et al. 2017). Starlings 
eventually deposited approximately 50% more 
nest material at RMR nest boxes than CNR nest 
boxes. 

Certainly, a limited availability of natural 
cavities could result in focused attention by 
starlings on nest boxes and despite our dis-
turbance. However, findings by Pfeiffer et al. 
(2019) relative to availability of natural cavities 
on ATF do not support this hypothesis. Further, 
we found that approximately 13% of our boxes 
(across control and CNR nest boxes; Table 1) 
went unused. Our findings of a lack of manage-
ment effect on nest material deposition at RMR 
versus CNR nest boxes suggest a tendency by 
individuals in the ATF starling population to-
ward selection for nest boxes within a breeding 
season, despite disturbance, whether by the 
same or different pair. We note, too, that RMR 
sites showed only a modest negative effect of 
treatment on ordinal date of first egg relative to 
control nest boxes. 

Still, continued starling nesting attempts at 
RMR nest boxes (both suspected and confirmed, 
when eggs were found) were somewhat unex-
pected. We repeatedly removed nest material 
and partial and near-complete clutches (up to 5 
eggs) twice weekly at RMR nest boxes, and we 
found that on average 20% of RMR nest boxes 
were occupied (i.e., nest structure and ≥1 egg) 
upon each check. Again, absent marked birds, 
we could not determine whether eggs laid in 
RMR or CNR boxes were deposited by females 
that had initially nested (including females at-
tempting to complete clutches in RMR nest box-
es), competing females, or brood parasites. 

Further, this consistent use of nest boxes on 
ATF by starlings, despite disturbance, is par-
ticularly notable from an antipredator behavior 
perspective. Relative predation risk at natural 
sites and selection for individuals that prefer 
nest boxes are not mutually exclusive. For ex-
ample, Stanback et al. (2018) suggested that 
remaining at a cavity site where a predator 
was recently observed was less costly and no 
riskier than locating a new cavity where preda-
tor presence was unknown. Although starlings 
generally prefer freshly excavated cavities 
(Ingold 1998; Mazgajski 2003, 2007) over nest 
boxes (Planck 1967), natural cavities might be 
more susceptible to predation (Nilsson 1984). 
But, nest box placement relative to proximity to 
shrub or timber can increase access by preda-
tors (Gibo et al. 1976), as can absence of preda-
tor guards (Miller 2002). 

Starlings nesting in ATF nest boxes (pro-
tected by predator guards) are, however, infre-
quently subject to nest predation (Seamans et 
al. 2015; Blackwell et al. 2018, 2020, 2021; find-
ings herein). As such, pairs returning to an ATF 
nest box in a subsequent breeding season or 
new pairs occupying a nest box and observing 
infrequent predation attempts on neighbor nest 
boxes (Marzluff 1985; Lima and Dill 1990; Lima 
1998a, b; Lima 2009) might not abandon a site 
simply due to our disturbance. Specifically, it 
is conceivable that our protection of nest boxes 
on ATF (i.e., including the removal of old nest 
material prior to a breeding season; Møller 1989, 
Mazgajski 2003, Seamans et al. 2015) enhanced 
selection of and fidelity to our sites (sensu Martin 
and Clobert 1996). We suggest that similar selec-
tion toward low nest predation risk associated 
with anthropogenic structures and moored air-
craft is also possible. 

Management implications
Aside from covering moored aircraft and 

closing doors of aircraft hangars, which are not 
necessarily feasible options, removal of nest 
material more than twice weekly would be nec-
essary to maintain minimum control over ma-
terial deposition that could affect aircraft func-
tion and safety. The persistence of the problem, 
however, underscores the need for a combina-
tion of frequent removal of nesting material 
and development of means to effectively deter 
starlings (e.g., manipulation of risk of adult 
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mortality at select sites) when site closure or le-
thal control are not acceptable options. 

Supplemental material
Supplemental material can be viewed at 

https://digitalcommons.usu.edu/hwi/vol16/
iss1/11.
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