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Does nest sanitation elicit egg rejection 
in an open‑cup nesting cuckoo host rejecter?
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Abstract 

Background:  Nest sanitation behavior is one of the most important means to ensure high reproductive efficiency. 
In avian brood parasitism, nest sanitation behavior may be a pre-adaptation of host birds that allows them to identify 
the parasitic eggs, so that egg discrimination behavior may have evolved from nest sanitation behavior. However, 
whether nest sanitation behavior could improve egg rejection in cuckoo hosts was inconclusive.

Methods:  In this study, we investigated the relationship between nest sanitation and egg discrimination behavior in 
a potential cuckoo host, the Brown-breasted Bulbul (Pycnonotus xanthorrhous) with two experimental groups. In the 
first group, we added a blue, non-mimetic egg to the nest of the host, while in the second group we added a blue, 
non-mimetic egg and a peanut half-shell.

Results:  The results showed that in the first group, the probability of rejecting the non-mimetic eggs was 53.8% 
(n = 26 nests). In comparison, all of the Brown-breasted Bulbuls in the second group were able to rapidly remove the 
peanut shells from the nest, but only 52.6% (n = 19 nests) rejected the non-mimetic eggs. The rejection rates of the 
non-mimetic eggs in both experimental groups were not significantly different.

Conclusions:  Our study indicated that nest sanitation behavior of Brown-breasted Bulbuls did not influence their 
egg recognition and that egg discrimination ability of Brown-breasted Bulbuls was not directly related to nest sanita-
tion behavior.
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Background
Nest sanitation behavior is the removal of foreign objects 
from the nest, and is a very common behavior in breed-
ing birds (Alvarez et al. 1976; Moskát et al. 2003; Under-
wood and Sealy 2006; Guigueno and Sealy 2009, 2017). 
This behavior can improve the incubation efficiency of 
the parent birds, reduce physical damage to eggs from 
foreign objects, lower the chance of egg infection by 
pathogenic bacteria, and decrease the risk of predation 
(Guigueno and Sealy 2012). For instance, parent birds 
usually clear the leaves, gravel, broken eggshells, food 
debris, nestling feces, and other debris from the nest 
(Weatherhead 1984; Kemal and Rothstein 1988; Petit 

et al. 1989; Lang et al. 2002; Evans et al. 2016). Nest sani-
tation is also prevalent in inter-specific brood parasitism 
birds, and may be associated with the evolution of egg 
discrimination in the anti-parasitic strategy of host birds 
(Rothstein 1975).

Previous work suggested that the evolution of egg 
rejection in cuckoo hosts is driven by the pressure from 
cuckoo parasitism; the higher the parasitism pressure, 
the stronger the egg discrimination ability of the hosts 
(Davies and Brooke 1989; Moksnes et al. 1991). However, 
egg rejection by hosts may be an extension of their nest 
sanitation behavior (Rothstein 1975; Guigueno and Sealy 
2009; Yang et  al. 2015b). Many studies have shown the 
relationship between the nest sanitation behavior and egg 
discrimination ability of cuckoo hosts using various non-
ovoid foreign objects (Ortega and Cruz 1988; Moskát 
et al. 2003; Underwood and Sealy 2006; Yang et al. 2015a, 
b; Luro and Hauber 2017; Peer 2017; review in Rothstein 
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1975; Peer and Sealy 2004; Guigueno and Sealy 2017). 
Moskát et  al. (2003) proposed that the less similar the 
shape of a foreign object to a cuckoo egg, the higher 
the host rejection rate, so that the ability of the host to 
recognize a cuckoo egg is an extension of its nest sani-
tation behavior. In addition, hosts with strong egg dis-
crimination ability tend to be more capable of rejecting 
non-ovoid objects than are hosts without egg discrimina-
tion ability (Yang et  al. 2015b), indicating that host egg 
discrimination ability is associated with nest sanitation 
behaviour (Underwood and Sealy 2006; Guigueno and 
Sealy 2009; Yang et al. 2015a). The removal of non-egg-
shaped objects is stable across pre-hatching stages, unless 
precluded by rejection costs (Guigueno and Sealy 2017). 
Therefore, nest sanitation behaviour may be a preadapta-
tion to egg discrimination behaviour, as hypothesized by 
Guigueno and Sealy (2012).

In Tree Sparrows (Passer montanus), it seems that nest 
sanitation plays a key role in the evolution of the removal 
of parasitic eggs (Poláček et al. 2013; but see Yang et al. 
2016). Yang et al. (2015b) showed that the nest sanitation 
behavior of Barn Swallows (Hirundo rustica) was a pre-
adaptation to identifying the eggs of parasitic cuckoos. 
They further demonstrated that nest sanitation behavior 
could significantly improve the ability of parent swal-
lows to reject non-mimetic eggs (Yang et  al. 2015a). In 
contrast to Yang et  al. (2015a), the Red-winged Black-
bird (Agelaius phoeniceus), a host of the Brown-headed 
Cowbird (Molothrus ater), was not more likely reject 
a model cowbird egg, with its maculation but different 
background colour, if the model egg was simultaneously 
added to the nest with flagging tape or a pine cone bract 
scale (Peer 2017). Similarly, whether American Rob-
ins (Turdus migratorius) removed a Douglas Fir (Pseu-
dotsuga menziesii) leaf clipping from their nests or not 
showed no effect on rejection of a model cowbird egg 
(Luro and Hauber 2017). Therefore, a potential proximate 
link between nest sanitation and egg ejection in avian 
brood parasite-host system is still inconclusive (Luro and 
Hauber 2017).

For research, replicating work is crucial to assess the 
generality of findings (Nakagawa and Parker 2015). How-
ever, the complexity of data collection in ecology, espe-
cially in field ecology, often precludes the possibility of 
going beyond single-population studies (Canestrari et al. 
2017). For example, a study by Canestrari et  al. (2014) 
suggested a mechanism based on the malodorous secre-
tion of Great Spotted Cuckoo (Clamator glandarius) 
chicks to explain why the presence of the parasite in 
the nests of Carrion Crows (Corvus corone) in northern 
Spain increased the probability of nest success as com-
pared to non-parasitized nests. However, also in Spain, 
Soler et  al. (2017) found no evidence to support an 

anti-depredatory function of cuckoo chicks in their stud-
ied populations (but see Canestrari et al. 2017). Clearly, 
more studies addressing whether nest sanitation elicits 
egg rejection are needed (Guigueno and Sealy 2017).

In this study, we investigated the relationship between 
nest sanitation and egg rejection in an open-cup nesting 
potential cuckoo host, the Brown-breasted Bulbul (Pyc-
nonotus xanthorrhous). Although the Brown-breasted 
Bulbul in China has not been recorded as being para-
sitized by parasitic cuckoos (Yang et  al. 2012; Su et  al. 
2016), most species of bulbuls were listed as hosts for 
many cuckoo species (Cuculus spp.) (Davies 2000), and 
in Africa, Cape Bulbuls (Pycnonotus capensis) and other 
bulbul species (Pycnonotus spp.) were common hosts of 
the Jacobin Cuckoo (Clamator jacobinus) (Krüger 2011). 
Here, we used blue, non-mimetic eggs and peanut half-
shells to evaluate whether nest sanitation behavior in 
Brown-breasted Bulbuls influences their egg discrimina-
tion ability following the experimental protocols by Yang 
et al. (2015a). If nest sanitation behavior is directly asso-
ciated with egg discrimination ability, then egg discrimi-
nation against non-mimetic eggs should be significantly 
higher in nests with peanut shells than in those without. 
We predict that nest sanitation behavior would elicit egg 
rejection in the Brown-breasted Bulbul.

Methods
The study was conducted during the breeding season 
of the Brown-breasted Bulbul (April–August) in 2014–
2016 in Kuankuoshui National Nature Reserve (28°10′N, 
107°10′E) in Guizhou, Southwest China. Bulbul nests 
were searched covering all habitats in the study area, and 
breeding parameters, such as the nesting and hatching 
dates, were recorded. We estimated the hatching stage 
following Hays and LeCroy (1971). No cuckoo parasit-
ism was recorded in Brown-breasted Bulbuls although 
they are abundant in our study area and their nests were 
easy to find (Yang et al. 2012; Su et al. 2016). We followed 
the experimental protocols by Yang et  al. (2015a) and 
performed the experiment during the early incubation 
stage. The blue, non-mimetic eggs were made from baked 
soft clay, with a mean weight of 4.47 ± 0.16  g, length of 
21.42 ± 0.46 mm, and width of 15.99 ± 0.42 mm (n = 15). 
The mean weight, length, and width of the peanut shells 
was 1.76 ± 0.45 g, 36.57 ± 4.15 mm, and 15.29 ± 1.38 mm, 
respectively (n = 15). The mean weight, length, and width 
of the Brown-breasted Bulbul eggs was 2.92 ± 0.29  g, 
21.88 ± 1.02  mm, and 16.35 ± 0.54  mm, respectively 
(n = 74) (Fig.  1). In the first experimental group, we 
directly added a non-mimetic blue egg to nests of Brown-
breasted Bulbuls to evaluate the ability of the host to 
discriminate against the non-mimetic egg within 6 days 
(Davies and Brooke 1989; Moksnes et al. 1991; Yang et al. 
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2015a). In the second group, we added a peanut half-
shell to nests of Brown-breasted Bulbuls in addition to 
one non-mimetic blue egg. We used Fisher’s exact test to 
compare the probability of rejecting non-mimetic eggs 
between different experimental groups. Data analysis 
was performed using IBM SPSS 19.0 software (IBM Inc., 
USA).

Results
In the first experimental group, 26 nests of Brown-
breasted Bulbuls were tested for discrimination abil-
ity against a non-mimetic egg. In 14 out of 26 nests, the 
non-mimetic blue eggs were rejected (53.8%) (Table 1). In 
the second experimental group, 19 nests were tested for 
discrimination ability against a non-mimetic egg together 
with a peanut shell. All the peanut shells were removed 
within the same day that they were added (19 out of 19 
nests, 100%), while the non-mimetic eggs were rejected 
in 10 out of 19 nests (52.6%) (Table  1). Brown-breasted 
Bulbuls used grasp ejection to reject peanut shells and/
or model eggs with no rejection cost. All egg ejections 
occurred after the peanut shells were removed and all 
parent birds rejected the non-mimetic eggs within 3 days. 
There was no significant difference in the probability of 

rejecting non-mimetic eggs between the two experimen-
tal groups (χ2 = 0.007, df = 1, p = 0.936). In the experi-
mental group with both non-mimetic eggs and peanut 
shells, the rejection rate of non-mimetic eggs was signifi-
cantly lower than that of peanut shells (χ2 = 11.79, df = 1, 
p =0.0006), indicating that Brown-breasted Bulbuls did 
not treat the non-mimetic eggs as foreign objects.

Discussion
Our results showed that although Brown-breasted Bul-
buls have strong nest sanitation abilities, their nest sani-
tation behavior did not directly affect their recognition 
of non-mimetic eggs. The egg rejection rates were sim-
ilar for the nests with and without the addition of pea-
nut shells. In addition, the Brown-breasted Bulbuls did 
not treat the non-mimetic eggs as foreign objects, such 
as peanut shells. This was shown in the nests with both 
peanut shells and non-mimetic eggs, in which all of the 
birds removed the peanut shells, but only 52.6% rejected 
the non-mimetic eggs. Therefore, this indicated the influ-
ence of the shape of the object on egg discrimination 
ability, similar to the results of previous studies (Ortega 
and Cruz 1988; Guigueno and Sealy 2009, 2012).

Nest sanitation behavior is considered a pre-adaptation 
of host bird egg discrimination ability, as the two behav-
iors share a common aspect of the removal of objects 
from the nest, although some nest sanitation behavior 
is accomplished by burying or swallowing (Guigueno 
and Sealy 2012). However, the two behaviors differ with 
respect to the shape and color of the foreign object and 
the similarity to the host egg. There is also no clear link 
between nest sanitation in cowbird hosts (Rothstein 
1975; Peer and Sealy 2004). In addition, some hosts do 
not practice nest sanitation, but can reject some eggs 
(Peer 2017). Underwood and Sealy (2006) suggested that 
the ability of American Robins and Gray Catbirds (Dume-
tella carolinensis) to recognize non-egg objects was sig-
nificantly higher than that of other species without egg 
discrimination ability.

Moskát et al. (2003) examined the relationship between 
nest sanitation and egg rejection in the Great Reed War-
bler (Acrocephalus arundinaceus) and showed that the 
rejection rates of the non-egg models were significantly 
higher than those of cuckoo model eggs, either during 
hatching or in the early stage of incubation. Guigueno 
and Sealy (2009) also showed that in American Yellow 
Warblers (Setophaga petechia) the burial probability of 
non-egg objects was significantly greater than that of the 
simulated cowbird-egg-shaped models during the pre-
hatching and hatching stages. These results strongly indi-
cated that host egg discrimination ability is likely to be an 
extension of nest sanitation behavior.

Fig. 1  An example of the experimental group with a half peanut 
shell addition

Table 1  The probability of  rejecting non-mimetic eggs 
and peanut shells by Brown-breasted Bulbuls

Experimental group Peanut shell 
rejection (%)

Egg rejection (%) No. 
of nests 
tested

One non-mimetic egg 14 (53.8) 26

One non-mimetic egg 
and one half peanut 
shell

19 (100.0) 10 (52.6) 19
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Yang et al. (2015a) studied the nest sanitation and egg 
rejection of Barn Swallows, which are hosts of the Com-
mon Cuckoo (Cuculus canorus). In nests with only non-
mimetic eggs, the probability of swallows rejecting the 
model eggs was 27%, whereas in nests with model eggs 
and peanut shells, all of the individuals were able to 
remove the peanut shells and the probability of reject-
ing the model eggs increased to 56%, demonstrating the 
significant influence of host bird nest sanitation behavior 
on egg discrimination. Similar to Barn Swallows, Brown-
breasted Bulbuls also showed moderate egg discrimina-
tion ability against non-mimetic eggs (64.1%, Su et  al. 
2016; 53.8%, this study), which were similar to American 
Robins (65%; Luro and Hauber 2017) but stronger than 
the discrimination ability of Red-winged Blackbirds (0%; 
Peer 2017). However, our results showed no effect of nest 
sanitation behavior on egg discrimination, but were con-
sistent with those by Luro and Hauber (2017) and Peer 
(2017), who found that although the tested hosts showed 
nest sanitation behavior, the addition of foreign objects 
to the nest did not influence host egg rejection. Rothstein 
(1975) also found that Red-winged Blackbirds show a 
very low level of response to cowbird eggs, and foreign 
objects removal did not influence their egg rejection.

Previous studies have shown that when a host bird 
sees an adult cuckoo around its nest, it is stimulated to 
increase the probability of rejecting the parasitic eggs 
in its nest (Moksnes et al. 1993; Davies 2000; Hosoi and 
Rothstein 2000; Guigueno and Sealy 2011). Yang et  al. 
(2015a) further showed that this type of stimulation 
was also produced by foreign objects, which increased 
egg rejection in Barn Swallows. Such type of stimula-
tion was effective in Barn Swallow populations, but not 
in American Robins, Red-winged Blackbirds or Brown-
breasted Bulbuls. We suggested the possible reason 
for this discrepancy could be that the nesting habitat 
of Barn Swallows is different from the latter three, as 
Barn Swallows are a communally nesting species and 
their nests are usually built under the eaves of human 
habitation (Liang et al. 2013; Yang et al. 2015b). In such 
a nesting habitat, there are relatively fewer pieces of 
debris that fall into swallow nests during the incubation 
period. In addition, since the swallow nests are next to 
the eaves and are relatively dark, small pieces of debris 
may be difficult for the birds to see. As a result, swal-
lows do not frequently clean their nests during incu-
bation. Thus, when peanut shells suddenly appeared 
as apparent foreign objects in their nests, nest sanita-
tion behavior was activated and their egg discrimina-
tion abilities were also stimulated. By contrast, in the 
natural habitat of the Brown-breasted Bulbuls, Ameri-
can Robins and Red-winged Blackbirds, many pieces of 
debris often fall into their nests during the incubation 

period. In addition, as their nests are cup-shaped and 
open, the fallen small-sized debris is easily seen. Thus, 
they often clean their nests throughout the incubation 
period, and nest sanitation behavior is a normal part 
of their behavior during incubation. When the peanut 
shells were added to their nests, the additional stimula-
tion effect was not sufficient to be detected or to induce 
them to reject the non-mimetic eggs. Clearly, large-
scale and multiple-population studies, and more in-
depth explanation of these results, e.g., the costs of nest 
sanitation versus egg rejection and the role of host age 
structure in nest sanitation, need further investigation 
in the future.

Conclusions
The results of this study showed that nest sanitation 
behavior is common among Brown-breasted Bulbuls, 
but the removal of foreign objects from the nest does 
not have a direct impact on their egg discrimination 
ability. In other words, nest sanitation behavior of the 
Brown-breasted Bulbul was not associated with egg dis-
crimination ability, and nest sanitation did not elicit egg 
rejection in the Brown-breasted Bulbul. In addition, our 
study highlighted the necessity to test nest sanitation 
versus egg rejection in more host species and in multiple 
populations.
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