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Hosts of obligate avian brood parasites can diminish or eliminate the costs of parasitism
by rejecting foreign eggs from the nests. A vast literature demonstrates that visual and/
or tactile cues can be used to recognize and reject natural or model eggs from the nests
of diverse host species. However, data on olfaction-based potential egg recognition cues
are both sparse and equivocal: experimentally-applied, naturally-relevant (heterospecific,
including parasitic) scents do not appear to increase egg rejection rates in two host species,
whereas unnatural scents (human and tobacco scents) do so in one host species. Here I as-
sessed the predictions that (i) human handling of mimetically-painted model eggs would
increase rejection rates, and (ii) applying unnatural or natural scents to mimetically or
non-mimetically painted model eggs alters these eggs’ respective rejection rates relative to
controls. I studied wild American Robins (Turdus migratorius), a robust rejecter species of
the eggs of obligate brood parasitic Brown-headed Cowbirds (Molothrus ater). There was
no statistical evidence to support either prediction, whereas poorer color-mimicry was still
a predicted cause of greater egg rejection in this data set. Nonetheless, future studies could
focus on this and other host species and using these and different methods to apply and
maintain the scenting of model eggs longer to more directly test hosts” use of potential
olfactory cues in the foreign-egg rejection process.
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INTRODUCTION

In response to the often severe costs of brood parasitism (Davies 2000),
many avian hosts reject foreign eggs from the nest (SeaLy & UNDERWOOD
2012). An extensive experimental literature has explored how the size (e.g.,
RotustEIN 1982), weight (Ruiz-Rava et al. 2015), shape (GuiGueNo & SeALy
2009), color (HauseRr et al. 2019), maculation (Moskar et al. 2008), and/or sur-
face texture (KEmaL & RotusTEIN 1988) of natural or model eggs causes egg
rejection within the same or across diverse host species. In turn, the putative
sensory and cognitive systems of the hosts seem to have evolved to coun-
ter the anti-rejection adaptations by the parasites, namely their evolutionary
shifts towards increasingly mimetic parasitic egg appearances (reviewed in
Manna et al. 2017).
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Regarding the sensory modality of foreign egg recognition, the percep-
tion of visual (e.g., SToppARD & STEVENS 2010) and tactile (Tos1-GERMAN et al.
2020) cues has been identified in different host species. In contrast, experi-
mental studies on the potential role of olfactory cues remain sparse in the
host-parasite egg-rejection literature (MaNNAa et al. 2017). This is increasingly
surprising since most birds, when tested, have fine-tuned olfactory perception
(WHITTAKER et al. 2009) and are able to recognize many socio-ecologically rel-
evant stimuli through volatile chemical cues (WenzeL 2007). A non-exclusive
list of these recognition contexts includes: food (e.g., NELsoN SLATER & Hau-
BER 2017), conspecifics (HaceLin 2007), mates, (BonapoNNA & NEvriTT 2004),
own eggs (GoLuke et al. 2016), and close kin (CorriN et al. 2011). Yet, there
have been only a couple of studies, with contrasting results, that applied the
experimental manipulation of odor(s) as the source(s) of egg recognition cues
in host-parasite interactions (Rasmussen 2013, Sorer et al. 2014). Regarding
unnatural scents, human handling and strong tobacco scent both caused in-
creased rejection of eggs in European Magpie Pica pica hosts of brood parasitic
Great Spotted Cuckoos Clamator glandarius (SoLER et al. 2014). However, the
application of natural scents (this parasite’s uropygial gland secretion or its
cloacal lavage) did not alter egg rejection rates relative to controls (SoLERr et al.
2014). Similarly, Song Thrush Turdus philomelos did not elevate the egg rejec-
tion rates of their own eggs when experimentally scented with heterospecific
(New Zealand bellbird Anthornis melanura) uropygial oil (Rasmussen 2013).

Here I analyzed published data and conducted a brand new series of ex-
perimental trials on the egg rejection propensities of American Robins Turdus
migratorius (hereafter: robins), a robust egg rejecter of obligate brood para-
sitic Brown-headed Cowbirds Molothrus ater (hereafter: cowbirds) (Luro et al.
2018). These analyses aimed to test both the role of unnatural (human han-
dling; citrus scent) and natural (cloacal lavage of the brood parasite) scents. I
chose a citrus (i.e., orange) scent as the unnatural odor application, because
in at least one other avian species (i.e., Crested Auklets Aethia cristatella), a cit-
rus (i.e., tangerine) scent was perceived and used for conspecific recognition
(HageLn 2007). In turn, I painted model eggs with one of two different col-
ours (known to elicit statistically different egg rejection rates by robins; deep
blue: Luro and Hauser (2017) vs. mimetic robin-blue: Hauser ef al. (2019) as
positive controls, to determine whether the sample sizes applied in this study
were sufficient to detect biological significance.

METHODS

In all of my laboratory’s previous work on robins, we used naked (ungloved) human
hands to handle the model eggs (once the experimental paint dried), until the egg was
placed into the robin nest. Thus, our published data set(s) on mimetically painted model
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eggs can be used to assess whether human-handling increases egg rejection rates above
the predicted nil (0%) rate for mimetic, robin-blue model eggs. For this analysis, I selected
a data set published by Hauskr ef al. (2019) that was based on the egg rejection rate of one
of that study’s control treatment: that of cowbird egg-shaped, -sized, and -weighing, and
mimetically-painted robin-blue, 3D-printed, model eggs.

For the scent-application experiments, I conducted a new set of trials. During May-
June, 2020, I located active nests of American Robins, with permission, throughout private
orchards and tree farms near Urbana, IL, USA (for details of the study site and search
methods, see HAUBER ef al. 2020a). Nests were deemed active (i.e. during the laying and the
incubation periods) when the clutch size increased on consecutive days, when a robin was
flushed from the nest, or when the robin eggs were warm to human touch. In turn, robins
are consistently robust egg rejecters of non-mimetic eggs throughout both the laying and
incubation periods (ABoLiNs-ABoLs & HAUBER 2020).

I used two different colors of 3D-printed, cowbird-sized, -shaped, and -weighing
model eggs (sourced from www.Shapeways.com: ”“cow bird” egg in versatile natural plas-
tic; for manufacture and dimension details, see Icic et al. 2015): mimetic painted eggs were
a robin-like blue color (paint-mix details sourced from CANNIFF et al. 2018), whereas non-
mimetic, deep-blue eggs were painted with unmixed Ultramarine Winsor & Newton Gale-
ria Acrylic paint (London, UK; following AsoLins-ABoLs & HausEer 2020), both in triplicate
coats. The resulting avian-perceived chromatic dissimilarity (just noticeable difference:
JND, reviewed in StoppARD & HauBER 2017) from natural robin egg colors was ~2 JND for
the mimetic eggs (HAUBER et al. 2019; 1-day egg rejection rate: 6.7%) and ~19 JND for the
deep-blue eggs (HAUBER et al. 2020b; rejection: 54%) (Fig. 1).

For scent-application, I used a control (solvent only) and two treatments: the control
was an even mix of unscented vegetable oil (Canola Oil, Meijers brand, USA) (50%) and
95% ethyl-alcohol (50%). The unnatural scent treatment was an artificial citrus scent (Pure
Orange Extract, McCormick brand, USA, dissolved in a mix of oil and aqueous ethyl-alco-
hol). Finally, the natural scent treatment was sourced from the separate cloacal lavages of
3 different adult female cowbirds captured during June 2020 (during the cowbirds’ breed-
ing season) at millet-baited potter traps near Urbana, IL, USA. Tused 0.5 mL of the control
solvent (see above) to inject and remove the solution from the cloaca of each of the 3 female
cowbirds. These steps of lab-work were conducted while wearing gloves. The resulting
liquid was then mixed with 0.5 mL of the solvent (see above) and stored at 4 °C overnights
and then at ambient temperature during the 2-3 hrs of each morning’s field work. To apply
the control or treatment solutions upon the model eggs, I used a clean cotton tip dipped in
the solution, covered the full surface of the model egg in the liquid, and then placed it in the
robin’s nest. This procedure delivered an average of ~9 g solution atop each egg’s surface.

Adult robins were not captured or marked in this study, and I used each nest as the
unit of biological and statistical analysis. I conducted my experiments in bouts of 5-10
consecutive days, so that multiple, simultaneously active nests were experimented upon
during the same bout, thus reducing potential pseudoreplication of studying the same
breeding robin(s). All eggs were again handled by naked (ungloved) hands throughout the
2020 experiments.

Once a nest was located, it was exposed to 1-3 (median: 2) treatments/nest:

— control (solvent) applied to model mimetic egg (n = 10),

— control (solvent) applied to model non-mimetic egg (n = 10),

— unnatural scent (citrus) applied to model mimetic egg (n = 14),

— unnatural scent (citrus) applied to model non-mimetic egg (n = 14),

—natural (cowbird cloacal lavage) scent applied to model mimetic egg (n = 13).
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Fig. 1. Experimental clutches of American Robins, each with a robin-blue (mimetic; left) or
a deep-blue (non-mimetic; right) model egg 3D printed in the size, shape, and weight of
natural Brown-headed Cowbird eggs

I did not conduct a 6th treatment type of applying the natural cowbird scent to the
non-mimetic model eggs, but this could be conducted informatively in a future study.
Robins are robust egg rejecters: in several of our previous studies we found that the
median and mode for the latency of egg rejection of (e.g., non-mimetic: beige or deep-blue
model eggs) is 1 day (CrosTon & HAUBER 20144, HAUBER et al. 2019). Therefore, I revisited
each nest 1 day after the initial treatment and assessed whether the model egg was pre-
sent (accepted) or missing (rejected) (as per Hauser et al. 2020b). I removed any model egg
still there, and then initiated the
0.6 ns * ns next, randomly chosen, differ-
ent treatment at the same nest.
Depredated or abandoned nests
(cold eggs on two consecutive

days) were removed from the

c 0 3.
.% : analyses, as nest abandonment
8 0.2 is not a response by American
g Robins to experimental brood
0.11 - 12 . 10 14 parasitism (CrostoN & HAUBER
0.0- R 2014b). The resulting sample

Control Cowbird Citrus. Control  Citrus sizes are indicated in Fig. 2.
robin-blue deep-blue For statistical analyses,
Treatment/Egg colour I first used a one-sample one-
Fig. 2. Bivariate outcome of egg rejection trials 1 day tailed sign test to determine
after deploying the various model egg types. The * in- whether human-handled robin-
dicates a p < 0.05 effect of model egg color; in turn, the mimetic eggs showed a rejec-
olfactory treatments were not statistically significant tion rate statistically greater
predictors of egg rejection across or within colour treat-  than nil (0%) given the sample
ments (ns). The numbers in the bars indicate the final size in a previously published
sample sizes (# of successful trials) experiment with these egg

5 0.51
2
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types. In turn, for the new experiments in this study, I used a two-tailed nominal logistic
mixed model in JMP 12.0 (SAS Institute, Cary, USA) on the bivariate outcome of each trial
(accepted, rejected) with experiment order (per nest), treatment type (natural scent, unnatu-
ral scent, or control), painted color (mimetic or non-mimetic) and the interaction term of
these latter two included as predictor variables, nest ID used as a random effect, and o =
0.05. The results were statistically equivalent when reanalyzing the data in the R Statistical
Package (R Core Team 2017).

RESULTS

I detected no statistical difference from a predicted nil (0%) rejection of
human-handled, mimetically painted model eggs in a previously published
data set (rejection rate: 6.7%, n=15; p = 0.16).

Similarly, experimental scent treatment did not statistically alter the egg
rejection rates of model eggs relative to controls (x*= 2.6, p =0.27); in contrast,
as predicted, non-mimetic deep-blue model eggs were rejected significantly
more often than mimetic robin-blue eggs (x *= 5.5, p = 0.019), irrespective of
experiment order (x >=1.2, p=0.28) and the interaction term of treatment and
color (x 2=0.59, p =0.44) (Fig. 2).

DISCUSSION

The experimental treatments applied in this study did not yield statis-
tical support for the role of olfactory cueing for egg rejection responses by
American Robins to model eggs. In the mimetic-egg color treatment, with the
models handled directly, rejection rates were not statistically higher than nil.
In turn, the application of neither unnatural nor natural scents caused greater
model egg rejection rates relative to the control (solvent) treatments. How-
ever, the sample sizes of these experiments were sufficient to detect the statis-
tical effect of greater rejection rates of non-mimetic relative to mimetic model
egg colors (Fig. 2).

Methodologically, a concern of the experimental manipulations applied
here may be that the volatile component of the control and treatment scenting
did not last long enough to be perceived sufficiently and cause egg rejection
by incubating robins. Video-recordings show that robins returning to experi-
mental nests often touch the new, model eggs with their beak, but they can
still take typically more than 1-2 hrs to reject even non-mimetic, including
cowbird-like, model eggs (HAUBER et al. 2019, ScHARF et al. 2019); therefore,
any experimental olfactory cue must, in principle, linger in a sufficient con-
centration for longer than that, too. Perhaps a 3D-printed model egg with a
porous surface and an internal scent-solvent reservoir might need to be de-
signed to achieve this effect over a longer timescale.
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In turn, it is possible that the choice of host species for the handful of ol-
factory egg recognition studies conducted to-date may have been constrained
in that all three study species were open-cup nesting hosts, with sufficient en-
vironmental light-exposure in their nests to allow visually-based egg foreign
recognition. Furthermore, the focal species in the present study, the American
Robin, was also not odor-sensitive in a previous set of experiments assessing
the role of sensory cues for foraging strategies (HEPPNER et al. 1965). Instead,
therefore, future studies should focus on manipulating the odor profiles of
hosts of brood parasitic birds that reproduce in dark milieus, including those
in enclosed nests and cavities (e.g. Tos1-GERMAN et al. 2020), where olfactory
cues might become more salient for egg discrimination. Accordingly, Rasmus-
sEN (2013) showed that the uropygial oil’s chemical profile of the enclosed-
nest breeding Grey Warbler Gerygone igata was matched by that of its local
specialist brood parasite, the Shining Bronze Cuckoo Chalcites basalis, in New
Zealand. Alternatively, or in addition, olfactory-cued egg recognition may
also be more prominent in host species where parasitic eggshell size, shape,
color, and maculation mimicry has reached such high levels at which avian-
perceivable visual cues are no longer discriminable between own vs. foreign
eggs (e.g. Red-backed Shrikes Lanius collurio: Lovaszi & MoskaT 2004, Chaf-
finches Fringilla coelebs: STokke et al. 2004, Common Redstarts Phoenicurus
phoenicurus: MaNNa et al. 2020).

Overall, these results parallel previous findings that the application of
naturally-relevant (parasitic or other heterospecific scent) does not increase
the rejection rates of eggs in nests of otherwise egg-rejecter hosts of avian
brood parasites (Rasmussen 2013, SoLER et al. 2014). In turn, the outcomes of
applying unnatural scents (human handling and citrus) here did not match
a previous report’s outcomes from such treatments (SoLer et al. 2014). Meth-
odological improvements for the delivery of scent cues, direct behavioral ob-
servations of hosts’ responses at the nests, and the choice of additional (e.g.,
cavity-nesting) host species are still required for future work to more fully
assess the potential role of olfactory cues in avian host-parasite arms-races.
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