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Egg oiling as an effective management technique for limiting
reproduction in an invasive passerine

Facundo Fernandez-Duque’, Robyn L. Bailey' and David N. Bonter’
'Cornell Lab of Ornithology

ABSTRACT. The House Sparrow (Passer domesticus), native to Europe and Asia, has been introduced globally and is now one of the
most ubiquitous birds in the world. In North America, these invasive passerines compete with native species for nest cavities, which
are often limited. Because of the difficulties of extirpating an invasive species and the growing desire from the public to help in
conservation matters, we sought to test a potential technique for managing invasive cavity-nesting passerines that could be successfully
deployed by professionals and citizen scientists alike. Previous studies demonstrate that applying vegetable oil to eggs is a nontoxic
management technique often used to manage unwanted waterfowl. Further, egg oiling is a technique that is acceptable to a large segment
of the public. This study assesses the efficacy of applying vegetable oil for preventing House Sparrow eggs from hatching, reducing the
number of fledged young, prolonging incubation time, and delaying renesting attempts by the adults. We sprayed treatment clutches
once with approximately 0.8 ml of vegetable oil early in the developmental period and subsequently monitored nests every 3-4 days.
The application of vegetable oil to treated eggs was 100% effective at preventing hatching and, thus, preventing any offspring from
fledging. Furthermore, the adults in the treatment group incubated their eggs for nearly twice as long as the adults at control nests,
reducing their opportunity to produce more clutches later in the season. Given the availability, low cost, and effectiveness of applying
vegetable oil to eggs to prevent the reproductive output of invasive cavity-nesting passerines, we propose that this method can be easily
implemented by wildlife managers as well as trained nest box stewards.

L'huilage des oeufs en tant que technique de gestion efficace pour limiter la reproduction d'un
passereau invasif

RESUME. Le moineau domestique (Passer domesticus), originaire d'Europe et d'Asie, a été introduit dans le monde entier et est
aujourd'hui l'un des oiseaux les plus répandus sur la planéte. En Amérique du Nord, ces passereaux invasifs concurrencent les especes
natives dans la recherche de cavités ou installer leur nid, lesquelles sont souvent limitées. Compte tenu des difficultés que représente
l'extirpation d'une espéce invasive et du désir croissant du public de participer aux efforts de conservation, nous avons tenté de tester
une technique qui pourrait permettre de gérer les passereaux invasifs nichant dans des cavités. Cette solution pourrait &tre mise en place
avec succes par des professionnels comme par le grand public intéressé par la science. Des études antérieures démontrent que I'application
d'huile végétale sur les oeufs est une technique de gestion non-toxique souvent utilisée pour gérer les oiseaux aquatiques indésirables.
En outre, I'huilage des oeufs est une technique acceptable pour une grande partie du public. Cette étude évalue 'efficacité de I'application
d'huile végétale pour empécher les oeufs des moineaux domestiques d'éclore, réduisant ainsi le nombre d'oisillons, prolongeant la durée
d'incubation et retardant les tentatives de renidification des adultes. Nous avons testé la vaporisation d'oeufs avec environ 0,8 ml d'huile
végétale au début de la période de développement et par la suite surveillé les nids tous les 3 a 4 jours. L'application d'huile végétale sur
les oeufs traités s'est avérée efficace a 100 % pour empécher 1'éclosion et par conséquent, éviter 1'envol des oisillons. En outre, les adultes
du groupe de traitement couvaient leurs oeufs prés de deux fois plus longtemps que les adultes des groupes de controle, ce qui réduisait
leurs opportunités de produire d'autres couvées plus tard dans la saison. Compte tenu de la disponibilité, du cotit réduit et de l'efficacité
de l'application d'huile végétale sur les oeufs pour empécher la reproduction de passereaux invasifs nichant dans des cavités, nous
considérons que cette méthode pourrait étre mise en oeuvre facilement par les gestionnaires de la faune sauvage comme par des
observateurs de nids formés.
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INTRODUCTION Nentwig et al. 2010, Ratcliffe et al. 2009), mustelids (Ferreras and
Invasive species are among the major factors threatening global ~ Macdonald 1999, Moller and Alterio 1999, Dowdingand Murphy
biodiversity (Clavero et al. 2009, IUCN 2010, Szabo et al. 2012, 2001, Dilks etal. 2003, Kelly etal. 2005), and feral cats (Bonnaud
Baker et al. 2014). Avian communities are particularly susceptible ¢t @l- 2007, Balogh et al. 2011, Loss et al. 2013, 2015, Woinarski
to external disturbances, with invasive species being responsible €t al- 2017) pose a major threat to some bird populations.

for 58.2% of known bird extinctions since 1500 (Szabo et al. 2012). The impacts of introduced birds on populations of native birds,

Increasingly, research demonstrates that introduced mammals however, receive relatively little research attention when compared
including rodents, e.g., rats and mice (Thibault et al. 2002,
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to mammals. Some studies demonstrate that birds can be as
harmful as the most damaging mammal species (Kumschick and
Nentwig 2010). A recent review showed that non-native birds
impact avian populations through predation, brood parasitism,
hybridization, competition for resources, and disease
transmission (Baker et al. 2014). Among cavity-nesting species,
competition between native and non-native birds for nesting sites
can be intense (Fisher and Wiebe 2006, Aitken and Martin 2008,
Frei et al. 2015, Charter et al. 2016). In Europe, experimental
evidence suggests that the Ring-necked Parakeet (Psittacula
krameri) is contributing to the decline in Eurasian Nuthatch (Sitta
europaea) populations because of competition over nest sites
(Strubbe and Matthysen 2007, 2009). Likewise, House Sparrows
(Passer domesticus), one of the most globally ubiquitous invasive
birds, usurp nest sites and negatively impact the reproductive
success of native birds throughout their introduced range
(Gowaty 1984, Radunzel et al. 1997, Ghilain and Bélisle 2008,
Goldshtein et al. 2018).

Unfortunately, management approaches for limiting nest site
competition between invasive and native species are limited
(Bomford and Sinclair 2002, Grarock et al. 2013, 2014, Orchan
et al. 2013, Charter et al. 2016). The most common management
technique has been to trap and euthanize invasive species
(Fitzwater 1988, Soh et al. 2002, Tracey et al. 2008). In the
southeastern United States, the trap and euthanize approach has
minimized the disruptive behavior of the Monk Parakeet
(Myiopsitta monachus), which tend to nest on utility
infrastructure (Tillman et al. 2004). Such approaches can create
ethical conflicts, however, and widespread use of this approach
among the publicis unlikely. The use of toxic chemicals is another
technique used to control invasive birds, e.g., European Starling
(Sturnus vulgaris; Decino et al. 1966, Besser et al. 1967, West 1968,
Linz et al. 2007, Carlson et al. 2011). Chemical treatments,
however, are not species-specific and the potential effects of such
treatments on nontarget taxa must be considered (Cunningham
et al. 1979, Cummings et al. 2002, Eisemann et al. 2003). Even
when relying on species-specific methods of management, these
can still have unforeseen negative consequences on native species
because of complex interactions among species in cavity-nesting
bird communities (Orchan et al. 2013).

Eradicating or limiting population growth of invasive species
without negatively affecting native species is extremely difficult;
there continues to be a need for new management techniques and
approaches. Because many birds nest on private land, approaches
that engage the public in limiting the reproductive success of
invasive birds deserve attention. One potential technique,
regularly used with nonpasserines such as waterfowl and gulls,
involves applying mineral or vegetable oil to the clutch of eggs in
a nest. Coating an egg in oil inhibits oxygen diffusion through
eggshell pores, thereby terminating development (Martin et al.
2007). The application of oil to eggs is effective at limiting
reproduction, preventing 90-100% of oiled eggs from hatching
(Thomas 1972, Blokpoel and Hamilton 1989, Christens et al.
1995, Pochop et al. 19984, b, Martin et al. 2007, Hindman et al.
2014). In contrast to direct nest removal, this technique prevents
the eggs from developing while continuing to keep the parents
actively engaged in incubation behavior rather than investing in
a renesting attempt (Thomas 1972, Christens et al. 1995, Pochop
et al. 19984, Hindman et al. 2014, Beaumont et al. 2018). This
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management strategy has been focused primarily on species that
nest in colonies because of the ease of targeting numerous nests
at once (Pochop et al. 19985, Blackwell et al. 2000, Martin et al.
2007, Devault et al. 2014).

Coating eggs in oil can also be used for cavity-nesting species. In
the last century, the establishment and care of nest boxes across
the United States and Canada has increased in popularity, a
byproduct of the rise in recreational birdwatching (Lepczyk et al.
2004, U.S. Department of the Interior et al. 2013, Federal,
Provincial, and Territorial Governments of Canada 2014, Raleigh
et al. 2019). This has led to a substantial community of people
that enjoys native nesting birds and is therefore interested in
deterring invasive species using their nest boxes, e.g., House
Sparrows and European Starlings. In North America, many
people who monitor nest boxes confront the invasive species
problem by removing House Sparrow nests from their nest boxes
(Kibler 1969, Scriven 1993, Larson et al. 2016). In this case, nest
removal is allowable under the Migratory Bird Treaty Act of 1918
in the U.S. and the Migratory Birds Convention Act of 1994 of
Canada, which only protect native species. Although this
approach effectively terminates the nesting attempt, an evicted
pair can still take over a nearby nest cavity to renest, potentially
disrupting the nesting efforts of native species. Thus, removing
the nest of the invasive species may be counterproductive if it
leads the invasive species to usurp a nearby nest site.

In our study, we tested the feasibility and effectiveness of egg
oiling as an approach to reducing the reproductive success of
House Sparrows while minimizing the impact on native species.
Although effective at limiting reproduction in other taxa, the egg
oiling technique has rarely been applied to passerines. We
hypothesized that a single application of vegetable oil to House
Sparrow eggs would limit their reproductive success while
minimizing disturbance to the pair such that incubation of
nonviable eggs would continue. Specifically, we predicted that the
application of vegetable oil to eggs would prolong the amount of
time adults spent incubating, reduce hatching success, and reduce
the number of young that fledged per nesting attempt compared
to control (untreated) nests.

MATERIALS AND METHODS

Field sites and methods

We conducted our study in the towns of Ithaca and Lansing in
Tompkins County, New York, USA (~42°34'N, 76°33'W). Nest
boxes (n = 80) were installed and monitored for signs of House
Sparrow activity every three to four days throughout the breeding
season (April-August 2018). All boxes were designed for Tree
Swallows (Tachycineta bicolor) and Eastern Bluebirds (Sialia
sialis) and had a 3.8 cm diameter entrance hole following the
Cornell Lab of Ornithology’s recommendations for Eastern
Bluebird box design (Cornell Lab of Ornithology 2019). These
boxes are regularly used by House Sparrows. When a House
Sparrow clutch was completed, the nest was assigned to either the
treatment (oiling) or control group (no oiling). At each site, every
fourth completed nest was assigned to the control group and the
nesting attempt was allowed to proceed with only minimal
disturbance for monitoring purposes. We monitored 51 House
Sparrow nest attempts between April and August 2018 (44
treatment and seven control).
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Treated eggs were gently removed from the nest, placed on the
grass at the foot of the nest box, and sprayed once with food-
grade sprayable vegetable oil, i.e., canola cooking oil spray. We
applied ~0.8 ml of canola oil, i.e., a spray of approximately two
seconds in duration, to treated eggs. The eggs were then returned
to the nest, with the entire process taking less than two minutes.
The control eggs did not receive a parallel treatment because we
sought to test for differences in hatching success between treated
eggs and unmanipulated nests. After treatment, nests were
monitored every three to four days for signs of continued
incubation defined by parental activity at the box, or in the
absence of adults, by briefly placing fingers on the eggs to test for
warmth. At each visit, we classified a nesting attempt as failed
(cold eggs, no adult flushing from the box, lack of adults in the
vicinity, etc.) or ongoing.

Many House Sparrow pairs initiated another clutch in the same
box while the box still contained eggs from the previous clutch.
When this happened, we considered the new clutch as a new
nesting attempt and only the new eggs were counted for the clutch
size calculations. After clutches were completed in renesting
attempts, all eggs in boxes in the treatment group were sprayed
following the aforementioned protocol. Because 90% of
individually marked females (n = 20) chose to renest in the same
box after the first clutch failed to hatch, we assumed that pair
identity remained the same for subsequent attempts in the nest
boxes attended by unbanded birds. Treatment (oil or control) was
assigned to the box and maintained for all nesting attempts
throughout the breeding season.

Statistical methods

To test for treatment-based difference in the length of incubation,
we constructed a mixed model where the number of days that the
eggs were incubated was modeled as a function of treatment
(categorical: control vs. oiled) and attempt within the nesting
season (categorical: 1, 2, 3, or 4, PROC GLIMMIX in SAS, log
link, Poisson distribution, SAS Institute 2012). Because
individual pairs attempted up to four nests within a season, pair
identity was included as a repeated variable in the model. We
report raw means and standard errors in the figure to aid in
interpretation.

To investigate the effectiveness of egg oiling as a strategy for
preoccupying birds with nonviable eggs, we created a second
mixed model (PROC GLIMMIX, Poisson distribution) with the
days between initiation of sequential clutches (interclutch
interval) within pairs as the response variable. Interclutch interval
was modeled as a function of treatment (oiled or control), with
pair identifier as the random variable.

RESULTS

The mean length of incubation in treated nests was almost twice
as long as the incubation time in control nests (¥, ,, = 2.36, P =
0.029; Fig. 1). Oiled nests were incubated for as few as 6 days and
as long as 44 days before the clutch was either abandoned or
renesting was initiated. The length of the incubation period did
not vary seasonally with nesting attempt number (¥ , = 0.01, P

= 0.998).

Birds nesting in control nest boxes were more likely to fledge
offspring than birds using boxes receiving the oil treatment (Fig.
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2; range 1-5 fledglings per successful nesting attempt in control
nests). No eggs hatched, and therefore no chicks fledged, from
treated nests.

Fig. 1. Mean incubation length (days * standard error) for
House Sparrows (Passer domesticus) in control nests and nests
where eggs were sprayed with vegetable oil to prevent hatching
(n = 7 and 44 nests, respectively).
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Fig. 2. Mean number of offspring fledged per nesting attempt
(% standard error) by House Sparrows (Passer domesticus) in
control nests and nests where eggs were sprayed with vegetable
oil to prevent hatching.
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Although the birds in control nests hatched, fed, and fledged
offspring, birds with oiled clutches delayed renesting for extended
periods of time with renesting intervals that were only 8 days
shorter, on average, than control nests (F, , = 1.53, P=0.200, Fig.
3). Pairs in the treatment group sometimes laid new eggs in the
nest with the existing, unhatched eggs (n = 12), with the maximum
clutch size reaching 11 total new and previously treated eggs.
Frequently, pairs removed some eggs before laying a new clutch
(43% of renesting attempts).
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Fig. 3. Mean number of days (+ standard error) between
nesting attempts by House Sparrows (Passer domesticus) in
control nests and nests where eggs were sprayed with vegetable
oil to prevent hatching.
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DISCUSSION

We found that the single application of sprayable canola oil to
House Sparrow eggs prolonged incubation time and reduced
reproductive success to zero. The effectiveness of the oiling
treatment in preventing hatching and extending incubation time
corroborates the findings of other studies utilizing oils on
nonpasserine eggs (Pochop et al. 19984, Devault et al. 2014,
Hindman et al. 2014). Further, we found that House Sparrow
pairsat treated nests tended to renest in the same nest box. Because
removing the nests of the invasive species often leads birds to seek
other nesting sites, nest removal may actually be
counterproductive as native species may be evicted from nearby
nest boxes (Berger et al. 2001). The egg oiling approach, therefore,
was completely effective at eliminating reproduction by House
Sparrows while limiting usurpation of occupied nest sites.
Because birds at treated nests tended to initiate a renesting attempt
within a month of the initial application of oil, nest box stewards
must remain vigilant and spray new clutches as they appear
throughout the breeding season to effectively limit reproduction.

Worldwide, several of the most successful invasive bird species
are cavity-nesters (Lowe et al. 2000). This reliance on cavities for
nest sites places invasive birds in direct competition with native
species over a potentially limiting resource (Strubbe and
Matthysen 2009, Charter et al. 2016). Invasive species may usurp
nest sites from native species via physical competition or by
initiating nesting earlier in the season, thereby pre-emptively
occupying optimal nest sites. Although numerous studies report
negative impacts of invasive cavity-nesting birds on native
avifauna, few studies suggest successful, feasible management
strategies (Stone and Loope 1987, Manchester and Bullock 2000,
Avery and Tillman 2005, Avery et al. 2008, Khan et al. 2011,
Ahmad et al. 2012).

As with nest removal, other strategies for managing invasive
cavity-nesting birds have drawbacks. Trapping and euthanizing
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adults is likely to have the most rapid and significant effect on
decreasing local populations (Weitzel 1988); however, trapping
adults requires considerable effort. Further, euthanizing trapped
birds raises ethical concerns and may not be feasible in public
access settings. In a survey of citizen scientists who monitor nest
boxes, euthanizing and shooting non-native species were less
popular management techniques than removing nests or eggs
(Larson et al. 2016).

Methods of addling eggs beyond the application of oil may
include piercing or shaking, processes that are generally
considered humane if performed during the earliest stages of
embryonic development (Humane Society of the United States
2009). These techniques are typically deployed on eggs of
waterfowl and larger species, however. Shaking or piercing the
small, relatively fragile eggs of passerines may result in egg
breakage. Damaging eggs by such techniques would effectively
result in nest removal, with the associated risk of focal birds
moving to nearby nest boxes. Recently, researchers have begun
testing the efficacy of swapping the eggs of House Sparrows with
wooden replicas to keep the adults occupied during the breeding
season (Sparrow Swap 2019). Although this may have a similar
result to the egg-oiling conducted in our study, replica eggs must
be of similar size and coloration or they will be ejected from the
nest. Such egg replicas are not readily available to the public, and
large numbers of replicas would be required for people attempting
to manage multiple House Sparrow nests in large colonies. On
the other hand, sprayable vegetable oil is inexpensive, readily
available, and is generally acceptable to the public (Pochop et al.
1998b). Egg-oiling likely limits damage to neighboring birds’
nests, does not require nest box modifications, and could be
conducted in areas where trapping and euthanizing were not
desirable, e.g., public parks.

Although addling House Sparrow eggs via the application of oil
shows positive results for managing invasive species that nest in
cavities, more research is needed to understand the long-term
effects of this management strategy. Although egg-oiling was
extremely effective in reducing the reproductive output of treated
birds in our study, we cannot determine if this reduction would
eventually lead to population-level declines or if immigration
would compensate for the reduction in local reproductive success.
For instance, a study of Double-crested Cormorant
(Phalacrocorax auritus) colonies showed that egg-oiling increased
movement to unmanaged colonies by 20%, a strategy that House
Sparrows could adopt to circumvent management strategies
(Duerr et al. 2007). House Sparrows are highly sedentary birds,
however, with breeding season home ranges of 1-2 km (Dyer et
al. 1977), so it is possible that property owners could reduce the
local population via consistent efforts at oiling eggs. Our study
also has potential implications for other invasive passerines that
may compete for larger nest boxes, such as European Starlings.
More studies are required to determine if egg-oiling alone can
meaningfully reduce invasive species populations and
subsequently increase reproductive success by native species.

National citizen-science nest monitoring projects (e.g., https://
nestwatch.org/) may allow researchers to test these hypotheses on
a larger scale with the help of an engaged community of nest box
stewards (Phillips and Dickinson 2009). As previously mentioned,
permits are not required for citizen scientists to manage non-
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native birds in nest boxes; indeed, many nest box trail managers
already do (Larson et al. 2016). Whereas professional wildlife
managers may need to balance competing priorities and triage
the most urgent threats, they could train citizen scientists to
implement the relatively straightforward, nontoxic egg-oiling
tasks, thereby increasing opportunities for volunteer stewardship
on public lands. In fact, many agencies already enlist volunteer
labor to manage invasive plants, snakes, and other taxa (Perry et
al. 2019). Because House Sparrows are among the most steeply
declining of all North American bird species (Rosenberg et al.
2019), some may argue that hastening their decline is
unwarranted; however, Perry et al. (2019) argue that failure to act
in controlling invasive species constitutes negligence and that
citizen scientists are promising allies for Dbiodiversity
conservation. Consider the Purple Martin (Progne subis), Tree
Swallow, and Violet-green Swallow (Tachycineta thalassina),
which are cavity-nesting members of the aerial insectivore guild
that is in acute decline throughout North America (Nebel et al.
2010, Rosenberg et al. 2019); these species may present a good
case for when to prioritize the management of House Sparrows
in nest boxes. Further, this study demonstrates that egg-oiling is
an effective way to limit reproduction in an invasive passerine,
which may prove useful as a tool for managing future invasions
by other species.

CONCLUSION

We found that a modest application of vegetable oil to a clutch
of House Sparrow eggs completely prevented hatching, thus
effectively suppressing reproduction. Although the egg-oiling
technique is frequently used to manage larger species such as
waterfowl, it was previously unknown whether small cavity-
nesting passerines would incubate oiled eggs. Because of the
cavity-nesting habits and smaller body sizes of many invasive
passerines, e.g., House Sparrow, European Starling, Common
Myna (Acridotheres tristis), this management technique could be
a viable way to limit reproduction by non-native species without
damaging native species. Furthermore, citizen scientists interested
in helping native species that use their nest boxes would be able
to participate in management efforts without increasing risk to
nearby native birds in nest boxes (compared to removing nests
and eggs). Although the results of egg oiling are promising and
the technique could potentially be implemented on a large scale,
further studies are required to understand population-level
impacts of egg oiling on invasive species.

Responses to this article can be read online at:
http://www.ace-eco.org/issues/responses.php/1491
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