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Abstract

:

Simple Summary


Birds can adjust their behavior by reacting to sound cues. Parents can adjust the feeding rate of nestlings by their response to begging calls. Acoustics play an important role in parent–offspring communication. When adults perceive predators, they can make mobbing alarm calls to warn other individuals. Chicks can also respond to the alarm calls of parents and thus reduce their predation risk. We tested whether the chicks of two species could hear, and respond to, conspecific and heterospecific acoustic alarm signals. Chicks were found to eavesdrop on conspecific and heterospecific mobbing alarm calls. Acoustical similarities between the alarm calls may explain why chicks can recognize heterospecific calls.




Abstract


Predation is generally the main cause of bird mortality. Birds can use acoustic signals to increase their predation survival. Bird response to mobbing alarm calls is a form of anti-predation behavior. We used a playback technique and acoustic analysis to study the function of mobbing alarm calls in the parent–offspring communication of two sympatric birds, the vinous throated parrotbill (Sinosuthora webbianus) and oriental reed warbler (Acrocephalus orientalis). The chicks of these two species responded to conspecific and heterospecific mobbing alarm calls by suppressing their begging behavior. The mobbing alarm calls in these two species were similar. Mobbing alarm calls play an important role in parent–offspring communication, and chicks can eavesdrop on heterospecific alarm calls to increase their own survival. Eavesdropping behavior and the similarity of alarm call acoustics suggest that the evolution of alarm calls is conservative and favors sympatric birds that have coevolved to use the same calls to reduce predation risk.
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1. Introduction


Predation is the leading cause of death in many species, and many birds and mammals use alarm calls to warn conspecifics of danger [1,2]. Individuals can communicate different hazardous conditions by adjusting the acoustic parameters of their alarm calls [3,4]. For example, meerkats (Suricata suricatta) can change the acoustic parameters of alarm calls depending on the species and behavior of the predator [5]. Animals that cannot vocalize may also use sound to reduce the risk of predation. The lizard (Liolaemus lemniscatus) can reduce its activity in response to sound [6]. Alarm calls and types vary greatly among species and include the following: (1) Flee alarm calls, which are given in response to urgent danger from predators, leading other individuals to become cryptic or to flee; (2) mobbing alarm calls, which are given to predators not posing danger directly, leading other individuals to approach and monitor or harass the predator; and (3) distress calls, which are given when an individual is attacked or captured, possibly startling the predators or recruiting others to help the caller [7]. Predation risk may select for the evolution of complex alarm systems [1]. Many birds can communicate the type, size, and distance of a predator through alarm calls [8,9,10,11]. Alarm calls convey information about predators, which can enhance the visual perception of predators through signal receivers. This indicates that alarm calls can induce objective images about predators in the brain of signal receivers, similar to nouns in human language [12]. Alarm calls can encode other types of danger information. For example, the yellow warbler (Setophaga petechia) can produce a “seet” warning of nest parasitic risks from the brown-headed cowbird (Molothrus ater). Sympatric red-winged blackbirds (Agelaius phoeniceus) can eavesdrop on the anti-brood parasite alarm calls of yellow warblers to reduce their own risk of parasitism [13,14]



The information in alarm calls is understood not only by conspecifics but also by other species [7,15]. For example, grey squirrels (Sciurus carlinensis) can eavesdrop on the alarm calls of songbirds to reduce their risk of predation [16]. The eavesdropping behavior of heterospecific alarm calls has been found among birds or mammals, between birds and mammals, and between reptiles and birds [17]. Evolutionary forces have selected similar acoustic parameters for the alarm calls among species, and this similarity allows species to understand each other [18]. Mammals and reptiles are more likely to eavesdrop on birds than other animals. This may be because birds have a wide field of vision and high-decibel alarm calls, so their information is reliable and the sound signals are easy to obtain [7].



Accessing social information from individuals of other species may help animals adapt to changing environments [19,20]. For many species, the use of threat information encoded by other animals against predators reduces the time and energy that individuals allocate to alert activities so that they can devote more time and energy to foraging and other activities [16,21]. The expression of IGE (immediate early gene) in the auditory region of signal recipients increases with the increase in the threat level encoded by the conspecific or heterospecific species [22]. This indicates that the level of danger corresponds to the level of neural activity in the auditory region. The same neural activity in the eavesdropper can be induced by the same and different alarm calls. Eavesdropping on other species can provide more information than eavesdropping on the same species because differences in the perceptual abilities and habitat space use of species extend the limited perceptual space covered by a single species [23]. However, heterospecific alarm calls are not always reliable. Therefore, some birds will identify the source of relevant information and encode the predator information that can be directly obtained, and not encode the heterospecific alarm calls. For example, red-breasted nuthatches (Sitta canadensis) vary their mobbing calls to reflect the predator threat, and when nuthatches obtain indirect information, they produce calls with intermediate acoustic features. This indicates that although heterospecific eavesdropping is effective, it still needs to be balanced by the reliability of the information [15,19].



The alarm calls of adult birds can alert other adults and also chicks. For example, chicks of the noisy miner (Manorina melanocephala) can recognize conspecific land and air alarm calls and adjust their begging intensity according to the different alarm calls [24]. In addition to adjusting the intensity of begging, nestlings have other behaviors that are responses to alarm calls [25]. Chicks of the great tit (Parus major) curl up in their nests when hearing “chicka” alarm calls from their parents and leave the nest after hearing “jar” alarm calls related to snake predators. In addition to responding to conspecific alarm calls, nestlings can also respond to heterospecific alarm calls [26]. Parent–offspring communication is important for altricial birds because these nestlings cannot escape predators. Nestlings are highly dependent on their parents for care and cannot recognize predators during their development [27]. In addition, nestlings live in environments where they can eavesdrop on heterospecific alarm calls, further reducing their risk of predation [24]. Studies on nestling responses to alarm calls have focused on conspecific communication, and further research is needed on how nestlings respond to heterospecific alarm calls. Herein, we studied parent–offspring communication and eavesdropping via mobbing alarm calls in the vinous-throated parrotbill (VP) Sinosuthora webbianus and oriental reed warbler (ORW) Acrocephalus orientalis. These two species have large populations and sympatric breeding habitats, and also share the same predators. We recorded the adult mobbing alarm calls of these two species, analyzed their differences, and determined playback responses to conspecific and heterospecific chicks. The goal of the study was to test whether VP/ORW offspring would be able to recognize and respond to the conspecific/heterospecific mobbing alarm calls of adults.




2. Materials and Methods


2.1. Study Area and Subjects


The study was carried out in Yongnianwa National Natural Park, Yongnian District, Hebei Province (36°40′60′′–36°41′06′′ N, 114°41′15′′–114°45′00′′ E). The fieldwork was conducted in April to August 2021. The predators of VP and ORW include the Siberian weasel (Mustela sibirica), the Erythema snake (Dinodon rufozonatum), and the Brown rat (Rattus norvegicus) [28]. There is a large population of VP and ORW breeding sympatrically in the wetland. Their nests were distributed in a mosaic pattern within the habitat, with similar nest structures and nest sites in the wetland [29,30].




2.2. Production of Playback Sounds


By monitoring the nests of AP and ORW, we recorded the mobbing alarm calls of parents when the chicks were 3 days old. A portable recorder (Sony PCM-A10, Tokyo, Japan) was used to record the mobbing alarm calls that parents uttered to the researcher for 1–2 min (n = 12 for VP, n = 11 for ORW) at a distance of 1 m away from the nest to obtain sufficient sentence samples for analysis. The sampling frequency was set to 44.1 kHz and the sampling accuracy was set to 16 bits (file format: wav). To obtain good-quality recordings for analysis, the distance between the researcher and the bird was less than 5 m. We analyzed 5 acoustic parameters of basic sound (BS) using Raven Pro version 1.4 in each phrase of the distress calls: (1) Duration, (2) lowest frequency, (3) highest frequency, (4) delta frequency, and (5) peak frequency. Based on the data distribution, we conducted Mann-Whitney U tests or Student’s t-tests for comparisons (Table 1).



To avoid pseudo-replication in playback experiments, we randomly chose three adults from each species and combined their mobbing alarm calls as playback sounds. To obtain high-quality mobbing alarm calls, we used Raven Pro version 1.4 software (Cornell Lab of Ornithology, Cornell University, Ithaca, NY, USA) to chip the sound that we recorded, removed noise below 0.2 kHz, and randomly combined the recordings to form 30 s mobbing alarm calls. We did not change the syllable type or call rate in the segment of mobbing alarm calls. We recorded the background noise from the wetland and randomly chose and chipped the background noise to make three 0.3 s sound fragments, and we randomly combined these fragments to form the 30 s background noise (Figure S1).



We conducted the playback to chicks (clarified in the section below). For the playback experiment, the playback stimuli consisted of three sets of independent sound: 30 s of either VP mobbing alarm calls, ORW mobbing alarm calls, or background noise. Each set of sounds was played at the same distance of 1 m and the same sound pressure level (SPL) by using a sound meter (Smart Sensor, AR824, Dongguan, China). The amplitude was close to the natural level when we recorded the mobbing alarm calls (VP: 54.43 ± 0.64 dB (mean ± standard error); ORW: 74.2 ± 0.65 dB (mean ± standard error); background noise: 48.96 ± 1.26 dB (mean ± standard error)).




2.3. Playback Experiments


We chose five-day-old chicks for the playback experiment, and at this stage, they start to produce obvious begging calls. The eyes of five-day-old chicks are barely open, so they would not be alerted by human disturbance. We randomly removed one chick from each nest (n = 17 for VP and n = 18 for ORW) to the indoor lab of the study area to avoid interference such as reactions from nestmates and parents. The chicks were weighed on an electronic scale (Yuedi Electronic scale, Shenzhen, China), placed into an empty nest that was collected during the previous year, and then left alone for 40 min before initiation of the playback experiment. A digital video camera (Sony PCM-A10, Tokyo, Japan) was mounted nearby to record the begging behaviors of chicks, and a Bluetooth speaker (ShiDu P3, Shenzhen, China) was placed at a distance of 1 m from the chicks for playback of the mobbing alarm calls. During the experiment, an observer (Y.J.) simulated parent visitation by lightly touching the edge of the nest (one touch/3 s) to stimulate the begging behavior of chicks. The playback experiment was composed of 30 s of behavior and acoustic recording without playback (natural begging) following the playback stimuli (i.e., playing 30 s of VP mobbing alarm calls, ORW mobbing alarm calls, and background noise in random order). Therefore, the playback experiment included 4 trials (30 s for each trial), and the interval between trials was 5 min for return to the base conditions. The purpose is to compare the begging behavior between the natural state and playback conditions, and the purpose of playing back background noise is to eliminate noise interference factors in the playback sound. We conducted playback with the video and sound recording to quantify 3 aspects of begging behavior: (1) The number of beak-openings, (2) the number of begging calls, and (3) the begging duration (time of beak opening) during each 30 s of observation [28]. Each chick was returned to its own nest after the 1 h experiment. All chicks were accepted by their own parents and were given food by their parents as normal.




2.4. Statistical Analysis


We tested the carryover effect produced by the order of presentation due to the recovery time between stimuli. The order of presentation was used as an independent variable in all trials using generalized linear mixed-effect models (GLMMs). The results showed that there was no carryover effect of order presentation in all trials (p > 0.05). For the playback-to-chicks experiment, GLMMs with Poisson distribution were used in each dependent variable, in which the response variable was the beak opening frequency, the number of begging calls, or begging duration, while the playback treatment had 4 levels (natural begging, VP and ORW mobbing alarm calls, and background noise). The individual identity was included as a random-effect factor, and body weight was included as a covariate. Chi-square tests were used to obtain p-values by comparing the fitted models to null models of random effect. A pairwise comparison was performed with the R package Agricolae using the Bonferroni post hoc test. We also used marginal pseudo-R2 to evaluate the effect size of fixed effect factors via the R package MuMIN [31]. All GLMMs were evaluated using the lme4 package within R version 4.0.5 (Ross Ihaka; Robert Gentleman, The University of Auckland, New Zealand).





3. Results


The begging duration of both VP and ORW chicks differed among the playback stimuli (VP: χ2 = 116.89, p < 0.001; marginal pseudo-R2 = 0.636; ORW: χ2 = 163.62, p < 0.001; marginal pseudo-R2 = 0.52, GLMMs, Figure 1). Both the conspecific and heterospecific mobbing alarm calls reduced the begging duration in the chicks of the two species compared with natural begging and background noise control, but no difference was found in the begging duration between the reaction to conspecific and heterospecific mobbing alarm calls for both species (Figure 1 and Table 2). The number of begging calls also differed among the playback stimuli (VP: χ2 = 109.23, p < 0.001; marginal pseudo-R2 = 0.45; ORW: χ2 = 127.27, p < 0.001; marginal pseudo-R2 = 0.36, GLMMs, Figure 2). Both species of chicks reduced the number of begging calls after receiving conspecific/heterospecific mobbing alarm calls compared with natural begging and background noise, but there was no difference in the number of begging calls to conspecific and heterospecific mobbing alarm calls in either species (Figure 2). For the VP, there was no difference in the number of beak-openings among the playback stimuli (χ2 = 0.5, p = 0.92; marginal pseudo-R2 = 0.007, GLMMs; Figure 3. However, for the ORW chicks, the conspecific mobbing alarm calls reduced the number of beak-openings compared with the heterospecific mobbing alarm calls, natural begging, and background noise (χ2 = 7.64, p = 0.05; marginal pseudo-R2 = 0.1, GLMMs; Figure 3). Body weight did not affect the three response variables of VP (p > 0.05, GLMMs), and also did not affect the beak opening frequency of ORW (p > 0.05, GLMMs). However, body weight had a significant effect on the begging duration (p = 0.002, GLMMs) and the number of begging calls (p = 0.009, GLMMs).




4. Discussion


The results showed that conspecific/heterospecific mobbing alarm calls suppressed the number and duration of begging calls in VP and ORW chicks. This suggested that chicks of both species can hear conspecific and heterospecific alarm calls and respond appropriately to reduce predation risk. Chicks often inhabit complex environments, so they may further reduce the risk of predation by eavesdropping on the alarm calls of other species. Eavesdropping of conspecific/heterospecific mobbing alarm calls may be an innate mechanism or a learned response, providing important opportunities for obtaining additional information about predators [32]. Compared with the natural begging and playback stimuli, chicks of VP did not suppress their beak opening frequency when they heard conspecific or heterospecific mobbing alarm calls. However, ORW chicks suppressed their beak opening frequency when receiving conspecific mobbing alarm calls. This indicated that ORW chicks may discriminate conspecific mobbing alarm calls from other playback stimuli. Chicks of ORW are larger than chicks of VP, and begging visual signals are more obvious to predators and face stronger natural selection. The chicks of VP maintained the short visual signal intensity of begging and reduced the signal level of begging calls. This may indicate that the chicks do not completely stop begging after receiving danger information, but balance begging with predation risk by adjusting the intensity of their begging behavior. Alternately, unlike acoustic signals such as the number of begging calls and persistent visual signals such as begging duration, the beak opening frequency could be a short visual signal produced by chicks without sound. The short visual signal may be safer than using an acoustic signal or long visual begging, because the transmission of a visual signal would be blocked by vegetation, becoming less effective but more cryptic [33]. Similar to the function of distress calls, mobbing alarm calls inhibited their begging behavior to reduce the risk of predation [28].



In altricial birds, chicks cannot actively flee the nest when they encounter predators and are highly dependent on parental care. Therefore, effective parent–offspring acoustic communication is an important way for altricial birds to avoid predation. A previous study found that chicks responded to two different alarm calls produced by conspecifics but did not respond to the alarm calls of a different species in a sympatric area [24]. This is not consistent with the results of our study. Chicks of VP and ORW responded to heterospecific mobbing alarm calls by suppressing begging behavior. This may be related to the fact that there was no significant difference between the peak frequency and lowest frequency of basic sound due to the conservative evolution of the alarm calls. It also suggests that the chicks may show inhibitory begging behavior, because of the similarity between acoustic signals, rather than learning behavior.




5. Conclusions


The results of a playback experiment showed that the chicks of VP and ORW can hear both conspecific and heterospecific mobbing alarm calls and respond by suppressing their begging behavior. This response reduces the risk of predation and implies that mobbing alarm calls play an important role in parent–offspring communication. It can increase reproductive success and enhance bird fitness.








Supplementary Materials


The following supporting information can be downloaded at: https://www.mdpi.com/article/10.3390/ani12162156/s1, Figure S1: Sound spectrograms of (A) the mobbing alarm calls of vinous-throated parrotbills (VP), (B) the mobbing alarm calls of oriental reed warblers (ORW), and (C) background noise.





Author Contributions


C.Y. conceived and designed the study. Y.J. and J.H. performed the experiments. C.Y. and Y.J. analyzed the data and prepared the draft of the manuscript. C.Y. improved the manuscript. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by the Education Department of Hainan Province (project number: HnjgY2022-12) and the Hainan Provincial Natural Science Foundation of China (project numbers: 320CXTD437 and 2019RC189).




Institutional Review Board Statement


The study was approved by the Animal Research Ethics Committee of Hainan Provincial Education Centre for Ecology and Environment, Hainan Normal University (protocol code: HNECEE-2012-003; date: 2019.9.12).




Data Availability Statement


The data presented in this study are available on request from the corresponding author.




Acknowledgments


We thank the Forestry Bureau of Yongnian County, Hebei Province, China, for permission to undertake this study, and Jiaojiao Wang for her help with fieldwork.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Caro, T.M. Antipredatory Defenses in Birds and Mammals; The University Chicago: Chicago, IL, USA, 2005. [Google Scholar]

	



Zuberbühler, K. Predator-specific alarm calls in Campbell’s monkeys, Cercopithecus campbelli. Behav. Ecol. Sociobiol. 2001, 50, 414–422. [Google Scholar] [CrossRef]

	



Gill, S.A.; Bierema, A.M.K. On the meaning of alarm calls: A review of functional reference in avian alarm calling. Ethology 2013, 119, 449–461. [Google Scholar] [CrossRef]

	



Suzuki, T.N.; Wheatcroft, D.; Griesser, M. Experimental evidence for compositional syntax in bird calls. Nat. Commun. 2016, 7, 10986. [Google Scholar] [CrossRef]

	



Manser, M.B. The acoustic structure of suricates’ alarm calls varies with predator type and the level of response urgency. Proceed. R. Soc. B 2001, 268, 2315–2324. [Google Scholar] [CrossRef] [PubMed]

	



Fong, J.M.; Navea, F.; Labra, A. Does Liolaemus lemniscatus eavesdrop on the distress calls of the sympatric weeping lizard? J. Ethol. 2021, 39, 11–17. [Google Scholar] [CrossRef]

	



Magrath, R.D.; Haff, T.M.; Fallow, P.M.; Radford, A.N. Eavesdropping on heterospecific alarm calls: From mechanisms to consequences. Biol. Rev. 2015, 90, 560–586. [Google Scholar] [CrossRef] [PubMed]

	



Kalb, N.; Randler, C. Behavioral responses to conspecific mobbing calls are predator-specific in great tits (Parus major). Ecol. Evol. 2019, 9, 9207–9213. [Google Scholar] [CrossRef]

	



McRae, T.R. A review of squirrel alarm-calling behavior: What we know and what we do not know about how predator attributes affect alarm calls. Anim. Behav. Cogn. 2020, 7, 168–191. [Google Scholar] [CrossRef]

	



Templeton, C.N.; Greene, E.; Davies, K. Allometry of alarm calls: Black-capped chickadees encode information about predator size. Sicence 2005, 308, 1934–1937. [Google Scholar] [CrossRef]

	



Dutour, M.; Walsh, S.L.; Ridley, A.R. Australian magpies adjust their alarm calls according to predator distance. Bioacoustics 2021, 30, 458–468. [Google Scholar] [CrossRef]

	



Suzuki, T.N. Other species’ alarm calls evoke a predatorspecific search image in birds. Curr. Biol. 2020, 30, 2616–2620. [Google Scholar] [CrossRef] [PubMed]

	



Gill, S.A.; Sealy, S.G. Functional reference in an alarm signal given during nest defence: Seet calls of yellow warblers denote brood-parasitic brown-headed cowbirds. Behav. Ecol. Sociobiol. 2004, 56, 71–80. [Google Scholar] [CrossRef]

	



Lawson, S.L.; Enos, J.K.; Mendes, N.C. Heterospecific eavesdropping on an anti-parasitic referential alarm call. Commun. Biol. 2020, 3, 143. [Google Scholar] [CrossRef] [PubMed]

	



Carlson, N.V.; Greene, E.; Templeton, C.N. Nuthatches vary their alarm calls based upon the source of the eavesdropped signals. Nat. Commun. 2020, 11, 526. [Google Scholar] [CrossRef] [PubMed]

	



Lilly, M.V.; Lucore, E.C.; Tarvin, K.A. Eavesdropping grey squirrels infer safety from bird chatter. PLoS ONE 2019, 14, e0221279. [Google Scholar] [CrossRef]

	



Fallow, P.M.; Magrath, R.D. Eavesdropping on other species: Mutual interspecific understanding of urgency information in avian alarm calls. Anim. Behav. 2010, 79, 411–417. [Google Scholar] [CrossRef]

	



Davídková, M.; Veselá, P.; Syrová, M.; Nácarová, J.; Bugnyar, T. Ravens respond to unfamiliar corvid alarm calls. J. Ornithol. 2020, 161, 967–975. [Google Scholar] [CrossRef]

	



Keen, S.C.; Cole, E.F.; Sheehan, M.J.; Sheldon, B.C. Social learning of acoustic anti-predator cues occurs between wild bird species. Proceed. R. Soc. B 2020, 287, 20192513. [Google Scholar] [CrossRef]

	



Farine, D.R.; Aplin, L.M.; Sheldon, B.C.; Hoppitt, W. Interspecific social networks promote information transmission in wild songbirds. R. Soc. 2015, 282, 20142804. [Google Scholar] [CrossRef]

	



Danchin, E.; Giraldeau, L.; Valone, T.J.; Wagner, R.H. Public information: From nosy neighbors to cultural evolution. Science 2004, 305, 487–491. [Google Scholar] [CrossRef]

	



Avey, M.T.; Hoeschele, M.; Moscicki, M.K.; Bloomfield, L.L.; Sturdy, C.B. Neural correlates of threat perception: Neural equivalence of conspecific and heterospecific mobbing calls is learned. PLoS ONE 2011, 6, e23844. [Google Scholar] [CrossRef] [PubMed]

	



Goodale, E.; Beauchamp, G.; Magrath, R.D.; Nieh, J.C.; Ruxton, G.D. Interspecific information transfer influences animal community structure. Trends Ecol. Evol. 2010, 25, 354–361. [Google Scholar] [CrossRef]

	



Barati, A.; McDonald, P.G. Nestlings reduce their predation risk by attending to predator-information encoded within conspecific alarm calls. Sci. Rep. 2017, 7, 11736. [Google Scholar] [CrossRef] [PubMed]

	



Platzen, D.; Magrath, R.D. Adaptive differences in response to two types of parental alarm call in altricial nestlings. Proceed. R. Soc. Biol. Sci. 2005, 272, 1101–1106. [Google Scholar] [CrossRef]

	



Haff, T.M.; Magrath, R.D. Calling at a cost: Elevated nestling calling attracts predators to active nests. Biol. Lett. 2011, 7, 493–495. [Google Scholar] [CrossRef]

	



Kullberg, C.; Lind, J. An experimental study of predator recognition in great tit fledglings. Ethology 2002, 108, 429–441. [Google Scholar] [CrossRef]

	



Jiang, Y.X.; Han, J.R.; Zhang, Z.Q.; Chen, X.Y.; Yang, C.C. Parent-offspring and inter-offspring responses to conspecific versus heterospecific distress calls in 2 sympatric birds. Curr. Zool. 2021; in press. [Google Scholar] [CrossRef]

	



Wang, Q.X.; Yang, C.; Xiao, H. The breeding ecology of oriental great reed warbler (Acrocephalus orientalis) in hongjiannao of Shaanxi province. Sichuan J. Zool. 2013, 32, 543–546. [Google Scholar]

	



Guo, Z.M.; Chen, W.; Hu, J.C. Analysis on nest habitation factors and chick growth of Paradoxornis webbianus. Sichuan J. Zool. 2006, 25, 858–861. [Google Scholar]

	



Nakagawa, S.; Schielzeth, H.; O’Hara, R.B. A general and simple method for obtaining R2 from generalized linear mixed-effects models. Methods Ecol. Evol. 2013, 4, 133–142. [Google Scholar] [CrossRef]

	



Haff, T.M.; Magrath, R.D. Learning to listen? Nestling response to heterospecific alarm calls. Anim. Behav. 2012, 84, 1401–1410. [Google Scholar] [CrossRef]

	



Whittingham, M.J.; Butler, S.J.; Quinn, J.L. The effect of limited visibility on vigilance behaviour and speed of predator detection: Implications for the conservation of Granivorous passerines. Oikos 2004, 106, 377–385. [Google Scholar] [CrossRef]








[image: Animals 12 02156 g001 550] 





Figure 1. Comparison of the begging duration from nests as a response toward playback stimuli between (A) VP and (B) ORW in the playback experiment. The red points and whiskers represent the mean and standard errors of the observed data, respectively. The black points represent the raw data, while treatments with the same/different letters indicate the nonsignificant (p ≥ 0.05)/significant (p < 0.05) differences in responses, respectively. 
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Figure 2. Comparison of the number of begging calls from nests as a response to playback stimuli between (A) VP and (B) ORW in the playback experiment. The red points and whiskers represent the mean and standard errors of the observed data, respectively. The black points represent the raw data, while treatments with the same/different letters indicate the nonsignificant (p ≥ 0.05)/significant (p < 0.05) differences in responses, respectively. 
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Figure 3. Comparison of the number of beak-openings from nests as a response toward playback stimuli between (A) VP and (B) ORW in the playback experiment. The red points and whiskers represent the mean and standard errors of the observed data, respectively. The black points represent the raw data, while treatments with the same/different letters indicate the nonsignificant (p ≥ 0.05)/significant (p < 0.05) differences in responses, respectively. 
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Table 1. Comparison of five acoustic parameters of basic sound of adults’ mobbing alarm calls between the vinous-throated parrotbill (VP) and the oriental reed warbler (ORW).
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	Parameter of Phrase
	VP (n = 12)
	ORW (n = 11)
	w
	p





	Highest frequency (Hz)
	6000.17 ± 332.89
	6601.91 ± 178.96
	32
	0.04



	Delta (Hz)
	3945.6 ± 306.27
	4535.47 ± 190.47
	24
	0.008



	
	
	
	t
	p



	Duration (s)
	0.08 ± 0.004
	0.15 ± 0.023
	−2.91
	0.02



	Peak frequency (Hz)
	4772.52 ± 142.69
	4588.59 ± 111.005
	1.02
	0.32



	Lowest frequency (Hz)
	2154.57 ± 109.06
	1966.45 ± 110.92
	1.21
	0.24







Comparisons were analyzed by the Mann-Whitney U test or Student’s t test.
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Table 2. Results of generalized linear mixed models for the responses in the experiment of playing back mobbing alarm calls to the chicks of the vinous-throated parrotbill (VP) and the oriental reed warbler (ORW).






Table 2. Results of generalized linear mixed models for the responses in the experiment of playing back mobbing alarm calls to the chicks of the vinous-throated parrotbill (VP) and the oriental reed warbler (ORW).





	
Response Variable

	
VP

	

	
ORW




	
SE

	
Z

	
p

	
SE

	
Z

	
p






	
Begging duration, marginal pseudo-R2 = 0.636 (VP) and 0.52 (ORW)




	
Intercept

	
0.05

	
73.03

	
<0.001

	
Intercept

	
0.08

	
35.59

	
<0.001




	
Conspecific mobbing alarm calls

	
0.07

	
−7.67

	
<0.001

	
Conspecific mobbing alarm calls

	
0.09

	
−10.4

	
<0.001




	
Background noise

	
0.06

	
−0.16

	
0.83

	
Background noise

	
0.08

	
−7.99

	
0.13




	
Heterospecific mobbing alarm calls

	
0.07

	
−7.47

	
<0.001

	
Heterospecific mobbing alarm calls

	
0.08

	
−1.5

	
<0.001




	
Number of begging calls, marginal pseudo-R2 = 0.45 (VP) and 0.36 (ORW)




	
Intercept

	
0.08

	
35.29

	
<0.001

	
Intercept

	
0.12

	
24.69

	
<0.001




	
Conspecific mobbing alarm calls

	
0.09

	
−7.13

	
<0.001

	
Conspecific mobbing alarm calls

	
0.1

	
−9.03

	
<0.001




	
Background noise

	
0.08

	
−0.61

	
0.54

	
Background noise

	
0.08

	
−6.3

	
0.67




	
Heterospecific mobbing alarm calls

	
0.09

	
−7.79

	
<0.001

	
Heterospecific mobbing alarm calls

	
0.09

	
−0.42

	
<0.001




	
Beak opening frequency, marginal pseudo-R2 = 0.01 (VP) and 0.2 (ORW)




	
Intercept

	
0.11

	
14.84

	
<0.001

	
Intercept

	
0.01

	
18.62

	
<0.001




	
Conspecific mobbing alarm calls

	
0.16

	
−0.55

	
0.58

	
Conspecific mobbing alarm calls

	
0.15

	
−2.67

	
0.01




	
Background noise

	
0.15

	
−0.08

	
0.93

	
Background noise

	
0.14

	
−1.43

	
0.15




	
Heterospecific mobbing alarm calls

	
0.16

	
−0.31

	
0.76

	
Heterospecific mobbing alarm calls

	
0.14

	
−0.84

	
0.4








Natural begging calls were the baseline for response; p values (for model variables) < 0.05 are highlighted in bold. Pseudo-R2 refers to the effect size.
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