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Cuckoo nest parasites lay eggs in host nests and thereby transfer all reproduction
costs to the hosts. This greatly reduces host fitness. Parasitism has selected for the
evolution of anti-parasitic strategies in hosts, including nest defense. The dynamic risk
assessment hypothesis holds that nest parasitism only threatens the nests during the
egg stage, so hosts should reduce the level of defense against nest parasites after
the egg stage. We studied the behavioral and acoustic responses of oriental reed
warblers (Acrocephalus orientalis), during both the egg and nestling stages, toward
the common cuckoo (Cuculus canorus), sparrowhawks (Accipiter nisus) and oriental
turtle doves (Streptopelia orientalis). A. orientalis can visually distinguish cuckoos from
sparrowhawks and doves, indicating that hawk mimicry did not work for the cuckoos.
The behavioral response of hosts in the nestling stage was stronger than in the egg
stage, which supports the offspring value hypothesis and suggests that cuckoos
may also act as nest predators. However, there was no difference in the alarm calls
A. orientalis produce in response to different invaders, indicating that different types of
alarm calls may not contain specific information.

Keywords: alarm calls, brood parasite, hawk mimicry, nest parasitism, nest predator

INTRODUCTION

Nest parasitism is a special reproductive behavior in which parasitic birds such as common cuckoos
(Cuculus canorus) do not build nests themselves but lay their eggs in the nests of other birds (hosts).
This transfers all of the reproductive costs to their hosts, who incubate the parasite eggs and raise
parasite young (Davies, 2011; Soler, 2014). Successful nest parasitism severely reduces host fitness
and compels them to invest time and energy in caring for alien eggs or nestlings, while reducing
their chances of re-nesting and reproducing (Rothstein, 1990; Yang et al., 2019). In addition to
being nest parasites, these birds are also potential nest predators. Many cuckoos remove or eat at
least one of the host eggs before laying their own eggs during parasitism (Davies, 2000; Soler, 2014).
Moreover, many adult parasites (including some cuckoos, Cuculus spp., and cowbirds, Molothrus
spp.) destroy entire eggs or nestlings in host nests at advanced breeding stages that are unsuitable
for parasitism. This forces the hosts to rebuild nests and increases their chance of parasitism
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(Arcese et al., 1996; Swan et al., 2015; Soler et al., 2017). In
addition, parasites may revisit host nests after parasitism and
destroy the eggs or nestlings of the hosts who have rejected
parasite eggs (Tate, 1967; Soler et al., 1995, 2017; Ponton et al.,
2006; Hoover and Robinson, 2007). Finally, there are also nest
predation cases involving brood parasites without parasitism
intent (Su et al., 2017; Šulc et al., 2020).

Hosts have evolved responses to parasitism with a series of
countering strategies. Nest defense is the first line of defense, and
successful nest defense can greatly improve host fitness (Moore,
2002; Welbergen and Davies, 2009; Feeney et al., 2012). Some
hosts recognize the parasites as a particular threat, and exhibit
aggressive behavior that successfully prevents the parasites from
approaching their nests (Duckworth, 1991; Welbergen and
Davies, 2008; Trnka and Prokop, 2012; Yang et al., 2014b; Li
et al., 2015; Ma et al., 2018a). Some hosts adjust their nest
defense strategies according to the species of intruder and at
different stages of reproduction (Patterson and James, 1980;
Montgomerie and Weatherhead, 1988; Redondo and Carranza,
1989; Caro, 2005; Welbergen and Davies, 2009; Campobello and
Sealy, 2010, 2018). The hypothesis of dynamic risk assessment
(Kleindorfer et al., 2005) assumes that nest parasitism only
poses a threat to the hosts during the egg stage, so the level
of defense against parasites should be reduced after the egg
stage. However, the response to predators should be the opposite.
For example, Duckworth (1991) found that the reed warbler
(Acrocephalus scirpaceus) showed a strong aggressive response to
the common cuckoo during the egg stage, but the cuckoo was
ignored by the host after the chicks had hatched. In addition,
many species make specific alarm calls in response to different
threats (Robertson and Norman, 1977; Briskie and Sealy, 1989;
Gill and Sealy, 1996; Lawson et al., 2020). For example, the
yellow warbler (Setophaga petechia) makes specific “seet” calls
toward the brown-headed cowbird (Molothrus ater) in order
to warn intraspecific or interspecific individuals of the danger
(Gill and Sealy, 1996; Lawson et al., 2020) so that they can take
corresponding defensive measures.

Most studies have focused on the behavioral response of hosts
to the presence of brood parasite individuals (Smith et al., 1984;
Honza et al., 2004; Welbergen and Davies, 2009; Neudorf and
Sealy, 2012; Feeney et al., 2015). Fewer studies have documented
quantitative analyses of the alarm calls (Feeney et al., 2013; Yu
et al., 2017b) due to their complexity (Marler, 2004). Alarm calls
are an important part of the defense of nest owners against
intruders (Marler, 2004) because they may contain information
about the type of intruder. For example, the barn swallow
(Hirundo rustica) or great tit (Parus major) showed no behavioral
response differences to cuckoo and sparrowhawk models (Liang
and Møller, 2015; Yu et al., 2017b), but acoustic playback revealed
that the alarm calls carried information about the types of threat
(Yu et al., 2016, 2017b). Therefore, it is helpful to understand
the coevolution of acoustic communication between hosts and
parasites if they reveal the specific meaning of the alarm calls
emitted by hosts. We studied both the behavioral and acoustic
responses of oriental reed warblers (Acrocephalus orientalis) to
nest intruders (including common cuckoos) across egg and
nestling stages by investigating a variety of host traits.

MATERIALS AND METHODS

Study Site and Species
The research was performed in Yongnianwa National Wetland
Park (36◦40′–36◦41′N, 114◦41′′–114◦45′E) in Handan city, Hebei
Province of China from May to August 2019. Yongnianwa has a
temperate sub-humid continental monsoon climate and is 40.3 m
above sea level. The annual average rainfall and annual average
temperature are 527.8 mm and 12.9◦C, respectively. The low-
lying land is dominated by a large area of reed, calamus and
lotus (Ma et al., 2018b). The Oriental reed warbler (Acrocephalus
orientalis) belongs to the Acrocephalidae, Passeriformes and
breeds in the reeds (Zheng, 2017). A. orientalis is a host of
the common cuckoo in Asia, and the interaction between them
has reached a high level of intensity during their coevolution
(Yang et al., 2014a, 2016, 2017; Li et al., 2016). In the population
studied in Yongnianwa, 14.8% of the nests were parasitized by the
common cuckoo (Ma et al., 2018b).

Measure of Behavioral Response
Mounted specimens of nest intruders were presented in the
incubation stage (3rd day of incubation, n = 22) and nestling
stage (ca. 4-day-old nestlings, n = 14) to investigate the behavioral
response of A. orientalis. Due to the high predation rate,
only three nests were tested at both egg and chick stages.
Each observed nest was exposed to three species (common
cuckoo: native parasitic bird, sparrowhawks Accipiter nisus:
unusual predator and oriental turtle doves Streptopelia orientalis:
native harmless bird species and often encounter hosts) during
experiment, with an interval of at least 60 min between them.
To avoid pseudo-replication, two specimen replicates of each
intruder were randomly selected for the experiment. Each
specimen was presented at a distance of 0.5 m from the host nests,
with the bill of the specimen toward the nest. A digital video
recorder (HDR-PJ510E, Sony Corporation, Tokyo, Japan) was
placed at a distance of 5 m from the nest to record A. orientalis
behavior. An observer (JW), dressed in camouflage and wearing a
camouflage hat, squatted or stood 5 m away from the host’s nest,
so that reed bushes could shade the observer, and host responses
were recorded for 5 min after the hosts returned to the nests while
alarm calls from the hosts were recorded using a tape recorder
(Lotoo L300E, Infomedia Inc., Beijing, China) connected to a gun
microphone (MKH418, Sennheiser Inc., Wiedmark, Germany)
with a sampling frequency of 44.1 kHz and a sampling resolution
of 24 bits (Yu et al., 2016). Neighbor nests were not tested
on the same day (Yu et al., 2019a). The following parameters
of host response were recorded: (1) response intensity, which
was classified to watching (the host was only observed around
the specimen without any other apparent response; score = 1),
alert (birds produced alarm calls when they saw a specimen,
but they had no physical contact with the specimen and did
not appear to be in an aggressive posture; score = 2), mobbing
(birds made alarm calls and flew past the specimen in a feint
of aggression; score = 3) or attack (birds produced alarm calls
when they attacked the specimen and had physical contact with
the specimen; score = 4); (2) number of attracted individuals (the
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FIGURE 1 | Alarm calls spectrogram of six note types produced by A. orientalis (aggressive behavior is escalated from A to F, where F is related to the attack
behavior).

largest number of conspecific individuals attracted during the
experiment); (3) number of responsive individuals (the number
of attracted individuals showing alarm and above-mentioned
response intensity); (4) response time (the time from hosts arrival
to the strongest reaction they produced), (5) attack frequency
(recorded within the first 1 min from the attack initiated to avoid
host fatigue); (6) the alarm duration of 5 min.

Measure of Acoustic Response
The alarm calls recorded (egg stage: n = 17; nestling stage:
n = 10) in the specimen experiment were imported into the
Raven Pro (version 1.4; Cornell Lab of Ornithology, Ithaca,
NY, United States) sound analysis software, and were divided
into six types according to the different note types presented
in the spectrogram (Figure 1 and Table 1). Only the non-
overlapping alarm calls with low noise were analyzed (Courter
and Ritchison, 2010; Suzuki, 2014). Referring to the relevant
literature (Butchart et al., 2003; Madden and Davies, 2006;
Samaš et al., 2020), we selected several parameters commonly
used in song measurement. Because it was difficult to define
the low frequency and the high frequency in the alarm calls
of A. orientalis, these two parameters were excluded from the
measurement, along with the bandwidth. Moreover, to cover
the characteristics of different note types, the sound parameters
measured included (1) the number of note types, (2) the longest
duration of a note, (3) the average duration of a note, (4) the
fastest note rate, (5) the average note rate, (6) the highest peak
frequency, and (7) the average peak frequency (Suzuki, 2014).

Statistical Analyses
Principal component analysis (PCA) was used to extract the
important principal components (PC) from the behavioral
or acoustic variables, and generalized linear mixture models
(GLMMs) were used to analyze the components. In GLMMs
for either behavioral or acoustic analyses, the PC were the

response variables while the fixed effects included nest intruder
(cuckoo, sparrowhawk, or dove), breeding stage (egg or nestling
stage), intruder order (presented order of specimens to each
nest during experiment), and intruder replicate (identity of two
replicates for each specimen type). The interaction between nest
intruder and breeding stage was also tested and the nest ID was
included as random effect while controlling for clutch size and
egg laying date. Pairwise comparisons were conducted by the
least significant differences (LSD) test. Statistical analyses used
IBM SPSS 25.0 for Windows (International Business Machines
Inc., Armonk, NY, United States). All the tests were two-
tailed, and data are presented as mean ± SD, and the P-value
significance level was 0.05.

RESULTS

One principal component (PC1) with a characteristic value > 1.0
was extracted that explained 70.14% of the total variation of
the behavioral response data, while two principal components
(PC1 and PC2), both with characteristic values > 1.0, which
explained 80.06% of the total variance, were extracted for the
acoustic response (Table 2). The results of GLMMs showed
that the responses of A. orientalis to different nest intruders
were significantly different (F2,80 = 14.532, P < 0.001, GLMMs),
and the interaction between the nest intruder and breeding
stage also had a significant effect on the behavioral response
(F2,80 = 4.250, P = 0.018, GLMMs; Table 3). The results of
LSD showed that the behavioral response in the nestling stage
contributed to the significant difference of total response toward
intruders in the breeding stage (Figure 2). For the egg stage,
the response intensity to cuckoo was slightly higher than that to
the sparrowhawk and dove, but it was not significant (P > 0.05,
LSD; Figure 2). The response to the cuckoo in the nestling
stage was more aggressive than that to the sparrowhawk and
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TABLE 1 | Descriptive statistics of alarm calls parameters in A. orientalis.

Note types Number of notes measured Peak frequency (Hz) Note duration (s) Note rate (note/s)

A 35.67 ± 11.15 3447.87 ± 230.01 0.01 ± 0.00 49.41 ± 5.07

B 45.3 ± 12.75 3682.35 ± 464.14 0.02 ± 0.00 24.84 ± 5.66

C 42.16 ± 14.90 3988.75 ± 498.99 0.03 ± 0.01 15.58 ± 2.63

D 35.88 ± 12.82 4188.13 ± 398.37 0.05 ± 0.01 11.37 ± 1.74

E 34.90 ± 11.28 4218.22 ± 776.05 0.08 ± 0.01 7.60 ± 1.37

F 31.09 ± 21.88 4365.16 ± 582.60 0.14 ± 0.02 4.65 ± 0.93

dove (P < 0.001 for both, LSD), and there was no significant
difference between the sparrowhawk and dove (P > 0.05, LSD).
The maximum numbers of conspecific individuals recruited by A.
orientalis to specimens of cuckoo, sparrowhawk, and dove were
2.56 ± 1.42, 1.82 ± 0.73, and 1.88 ± 1.02 at the egg stage, and
2.79 ± 1.19, 2.08 ± 0.79, and 1.83 ± 0.72 at the nestling stage,
respectively, with no significant differences between dummies.
All types of alarm calls appeared as an acoustic response to
different nest intruders in A. orientalis, except for type A that
was not present in the response to the cuckoo. The note type F
was related to attacking behavior and was most frequently used
by hosts toward the cuckoo (Figure 3). However, there was no
significant difference in acoustic response toward different nest
intruders, neither for PC1 (F2,51 = 0.702, P = 0.500, GLMMs)
nor for PC2 (F2,51 = 0.302, P = 0.741, GLMMs). The breeding
stage also had no significant effect on the acoustic response PC1
(F1,51 = 1.031, P = 0.315, GLMMs) and PC2 (F1,51 = 1.160,
P = 0.286, GLMMs; Table 3).

DISCUSSION

Our results revealed that A. orientalis responded to nest intruders
in a similar way at the egg stage; however, they were more
aggressive to the cuckoo than to the sparrowhawk and dove at
the nestling stage, suggesting that they can visually distinguish

TABLE 2 | Components, extracted by principal component analysis, for behavioral
and acoustic responses in A. orientalis.

PC 1 PC 2

Behavioral response

Number of responsive individuals 0.939 –

Number of attracted individuals 0.861 –

Responsive intensity 0.861 –

Alarming time 0.836 –

Attacking frequency 0.691 –

Response time −0.817 –

Acoustic response

Longest duration of note 0.931 0.262

Number of note types 0.867 0.009

Average duration of note 0.783 0.443

Highest peak frequency 0.376 0.784

Average peak frequency 0.118 0.901

Fastest note rate −0.116 −0.802

Average note rate −0.662 −0.657

the parasite from the sparrowhawks and doves, suggesting that
hawk mimicry did not work for the cuckoos. In addition, they
were able to adjust their nest defense strategies at different stages
of breeding. However, there was no difference in the alarm calls
they produced to different specimens, indicating that A. orientalis
makes general alarm calls in response to different nest intruders
without specific information of each one.

The large breeding cost of nest parasitism provides strong
selection on the host to evolve anti-parasitism strategies. Among
these, nest defense is the first response. Many other hosts have
evolved aggressive nest protection behaviors to prevent cuckoos
from approaching their nest (Welbergen and Davies, 2009), and
they can also use social information to better tune their responses
to various threats (Davies and Welbergen, 2009; Campobello and
Sealy, 2011). This study found that the response intensity of A.
orientalis to different nest intruders varied with the breeding
stage. There was no difference in their responses to the three
types of intruders at the egg stage, which may be because the A.
orientalis is a highly territorial species, with an extremely high
response to any intruders that come close to the nest during
the egg stage, whereas the responses of A. orientalis to different
intruders differed at the nestling stage, and the birds reacted
more strongly to the cuckoo than to the sparrowhawk and the
dove, which may be because cuckoos themselves are harmless
to adult birds, while sparrowhawks, though adult predators, are
uncommon in the study site. Therefore, our study suggested
that A. orientalis could visually distinguish the cuckoo from the
sparrowhawk and the dove. This was consistent with the results
of other studies (Duckworth, 1991; Trnka and Prokop, 2012;
Li et al., 2015; Ma et al., 2018a). In addition, our study also
suggested that the visual simulation of cuckoo to sparrowhawk
may not be successful for A. orientalis, which was different
from the conclusions of some studies (Davies and Welbergen,
2008; Welbergen and Davies, 2011). The response intensity of
A. orientalis to cuckoo and sparrowhawk was stronger in the
nestling stage than in the egg stage. This supports the offspring
value hypothesis that adult birds invest more in offspring
during the nestling stage than the egg stage (Smith, 1977).
However, previous studies on the closely related great reed
warbler (A. arundinaceus) did not find any difference between
the breeding stages (Briskie and Sealy, 1989; Moskát, 2005; Avilés
and Parejo, 2006). In addition, Trnka and Prokop (2012) found
that the aggressive behavior of great reed warbler to cuckoos
decreased as the breeding stage progressed.

Contrary to the hypothesis of dynamic risk assessment, this
study found that the response of A. orientalis to the cuckoo was
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TABLE 3 | Generalized linear mixed model for behavioral and acoustic responses in A. orientalis.

Effects PC 1 for behavioral response PC 1 for acoustic response PC 2 for acoustic response

F df1 df2 P F df1 df2 P F df1 df2 P

Nest intruder 14.532 2 80 <0.001** 0.702 2 51 0.500 0.302 2 51 0.741

Breeding stage 1.449 1 80 0.232 1.031 1 51 0.315 1.160 1 51 0.286

Intruder order 2.066 2 80 0.133 0.821 2 51 0.446 0.032 2 51 0.968

Intruder replicate 0.343 1 80 0.560 0.002 1 51 0.961 1.935 1 51 0.170

Nest intruder × Breeding stage 4.250 2 80 0.018* 1.989 2 51 0.147 1.095 2 51 0.342

*P < 0.05; **P < 0.01. The models include nest id as a random effect and control for clutch size and egg laying date.

FIGURE 2 | Pairwise comparisons for behavioral responses between nest intruders by least significant difference in A. orientalis. Significant differences are indicated
by different letters; a1 and b1 refer to nestling stage, and a2 refers to egg stage.

FIGURE 3 | Frequency of note types in alarm calls produced by A. orientalis toward cuckoo, sparrowhawk, and dove.
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stronger in the nestling stage than in the egg stage. Two mutually
non-exclusive explanations may contribute to this result. First,
this behavior may reflect the possibility that the cuckoo is also
an important nest predator, and this explanation is supported
by recent research by Lawson et al. (2021). Many studies have
found that cuckoos may kill host nestlings, and the amount of
killing varies from a single chick to the entire brood (Kinoshita
and Kato, 1995; Briskie, 2007; Kawaji, 2009; Soler et al., 2017; Šulc
et al., 2020). There are two hypotheses to explain the behavior
of destroying host nests by brood parasites including the mafia
hypothesis and the farming hypothesis (Soler et al., 2017). The
mafia hypothesis suggests that the parasites will return to the
host nests after laying eggs. If their eggs are rejected by the hosts,
they will destroy the host nests as a punishment so that the host
will be more willing to accept their eggs in the future. According
to the farming hypothesis, when the parasite finds a host nest
that is not suitable for parasitism (i.e., nest in late incubation or
nestling stage), they will destroy it, forcing the host to build a
new nest, and thus increase the chance of parasitism in the future
(Soler et al., 2017). The mafia hypothesis seems only applicable
to non-evicting parasitic birds because the hosts can benefit
from raising their own offspring without rejecting the parasitic
eggs or nestlings (Zahavi, 1979; Soler et al., 2017). The farming
hypothesis, however, is suitable for any parasitic bird (Soler et al.,
2017). Therefore, the cuckoos in our studied population may
play an important role as nest predators, predating host nests so
as to manipulate their breeding progress for suitable parasitism.
Second, A. orientalis may be a general defender that shows
similar aggression to different intruders. They exhibited higher
aggression to cuckoos in the nestling stage than in the egg stage
because they have invested more time and energy in this stage.

When many species encounter intruders, they produce alarm
calls, which carry information about the size, type and speed
of intruders (Suzuki, 2012, 2014; Book and Freeberg, 2015; Yu
et al., 2016, 2017a,b, 2019a,b; Cunningham and Magrath, 2017;
Dawson Pell et al., 2018; Kalb and Randler, 2019; Kalb et al.,
2019; Walton and Kershenbaum, 2019). Given that species may
differ in their behavioral and vocal responses to intruders (Liang
and Møller, 2015; Yu et al., 2017b), it is necessary to conduct
quantitative analysis of alarm calls. For example, yellow warbler
studies found that the host can send out specific alarm calls
responding to the parasitic cowbird (Gill and Sealy, 1996; Grim,
2008; Lawson et al., 2020). However, in this study we found that
A. orientalis did not produce specific alarm calls in response
to different nest intruders. This result was consistent with our
previous study, which played back the alarm calls against different
nest intruders to A. orientalis but these did not trigger specific
responses (Wang and Yang, 2020). Here the main intention of
alarm calls may be to attract intraspecific neighbors (Wang et al.,
2020) so that they can join to expel intruders from their territories
more effectively (Goodale and Ruxton, 2010). This was supported

by a previous study on A. orientalis which found that neighboring
conspecifics would assist the nest owner to defend against nest
intruders. Nests located far from neighbors were more likely to
be parasitized by cuckoos (Ma et al., 2018b).

In conclusion, we found that A. orientalis can visually identify
the common cuckoo, indicating that the hawk mimicry of the
cuckoo was not working in this parasite–host system. In the
nestling stage, the host increased its response intensity to the
cuckoo, which may be related to the possibility that the cuckoo
is also a nest predator.
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