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Urban areas are known to have high levels of noise pollution, which can impact an animal’s antipredator behavior. Noise can either distract the animal or mask the sounds of a predator, increasing the animal’s vulnerability to predation. However, the prey may increase vigilance in noisier environments, thus reducing energy and time spent on other activities. Alert Distance (AD) refers to the distance at which an animal becomes alert to a potential predator approaching. Flight Initiation Distance (FID) is the distance from the potential predator at which the animal flees. We studied the impact of ambient noise pollution on the AD and a corrected FID (FID/AD) of Eurasian Magpies (Pica pica) using a field investigator as a potential predator walking towards birds at a constant speed. We found that the noise level did not affect the AD. Still, noise had a negative effect on the Eurasian Magpies’ FID/ADs, suggesting that noise may slow their reaction to a potential threat but not their ability to detect it. Thus, our research highlights that urban noise pollution can increase an individual's vulnerability to predation, even when predators are still detectable. Ambient noise may distract the bird by diverting some of its limited attention and causing a delayed response to the predators. Alternatively, noise could be masking auditory cues that would have otherwise been added together with visual cues to cause an enhanced response. More research is necessary to understand the effects of noise pollution on the antipredator behavior of birds in urban areas, taking into account the specific strategies and adaptations of each species.
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1 Introduction

Urban areas are filled with anthropogenic sounds from traffic, industrial, and commercial activities (Warren et al., 2006). Sounds are not inherently problematic, as most animals use them for communication and survival (Sun and Narins, 2005; Sordello et al., 2020). However, after a certain threshold, human-made sounds begin to cause disruptions to wildlife and, thus, turn into “noise pollution” (Sordello et al., 2020). The extent of disturbance is relative and varies based on species tolerance levels (Sordello et al., 2020). Noise pollution may interfere with wildlife by masking their natural sounds, affecting communication and essential auditory signals crucial for survival (Sun and Narins, 2005; Slabbekoorn and Ripmeester, 2008; Barber et al., 2010). Additionally, noise has been observed to elevate stress levels in numerous animal species, leading to complex and diverse implications for their physiological systems (Kight and Swaddle, 2011).

Birds are an example of fauna adversely affected by noise, as they rely on acoustic communication and signals to interact with their environment (Francis et al., 2009; Hu and Cardoso, 2009; Petrelli et al., 2017). Birds use their songs to communicate with mates, brood, and conspecifics, attract partners, and establish dominance (Catchpole and Slater, 2003; Slabbekoorn and Ripmeester, 2008). Auditory cues also serve birds to detect approaching predators and send and receive signals to and from their conspecifics about predation threats (Hollén and Radford, 2009). Birds are considered model organisms in urban ecology and good indicators of habitat quality as they are easy to spot and study and are responsive to anthropogenic habitat alterations (Marzluff, 2008; Croci et al., 2008).

Intense ambient noise may impact an animal’s antipredator behavior in various ways (Shannon et al., 2016). On the one hand, noise may hinder the individual’s ability to detect threats (either by masking auditory cues of the predator or by distracting the prey; Barber et al., 2010; Chan et al., 2010a; Zhou et al., 2019), increasing the predation threat for the animal (Chan et al., 2010a; Chan et al., 2010b). On the other hand, noise may lead the animal to augment its vigilance (as an attempt to compensate for its compromised hearing or by perceiving the noise as a direct threat in itself; Meillère et al., 2015; Kern and Radford, 2016; Shannon et al., 2016; Evans et al., 2018). However, increased vigilance would entail additional energy costs and keep the animal from optimal foraging and other activities (Kern and Radford, 2016). Thus, urban noise may disturb an animal’s antipredator behavior in two opposing, unfavorable manners.

Several studies investigated the impacts of noise pollution on the antipredator behavior of birds (Gravolin et al., 2014; Meillère et al., 2015; Petrelli et al., 2017; Evans et al., 2018; Zhou et al., 2019; Merrall and Evans, 2020). Various methods were used, such as observing vigilant behavior (Evans et al., 2018), willingness to visit feeders (Merrall and Evans, 2020), response to alarm calls (Zhou et al., 2019), and others. Few have used the Flight Initiation Distance (hereafter FID; Gravolin et al., 2014; Meillère et al., 2015; Petrelli et al., 2017).

FID is among the most widely investigated antipredator behaviors used extensively in behavioral ecology studies to assess fear, risk-taking, evolution, or adaptation (Møller, 2021). FID is the distance from an advancing danger (usually a researcher approaching the animal under standard conditions) that leads an animal to flee (Blumstein, 2003). Alert Distance (hereafter AD) is the distance before FID, at which the animal becomes aware of the predator and actively observes it before fleeing (Fernández-Juricic et al., 2001). The FID must compromise between flight costs and benefits to stay put and resume current activity (Møller, 2008). For example, in urban areas, where humans are commonly around, energetically costly constant fleeing would put birds at a disadvantage at the expense of optimal foraging (Cooper and Frederick, 2007). Thus, urban birds have lower fear responses than their rural counterparts and prioritize investing their energy in other activities, such as foraging and reproducing (Cooper and Frederick, 2007; Tryjanowski et al., 2016; Morelli et al., 2019; Díaz et al., 2021). They save energy by delaying flight and actively monitoring the predator until the costs of remaining put are higher than those of fleeing current activity (Price, 2008).

Although a few studies investigated the impacts of noise pollution on the FID of birds (Meillère et al., 2015; Petrelli et al., 2017), no study has also studied its impact on AD (but see Shannon et al., 2016 in a study on Prairie Dogs; Cynomys ludovicianus). Most studies do not account for AD and use FID as a proxy for the animals’ capacity to detect danger since the two are highly correlated (Blumstein et al., 2005). However, we hypothesize that high levels of noise pollution may have different impacts on the alertness and antipredator response of animals and that FID alone may not be sufficient to reflect the effects of noise on the attention of individuals. For example, noise may reduce the birds’ capacity to perceive the sounds of approaching predators (Barber et al., 2010; Chan et al., 2010b; Zhou et al., 2019), leading to a lower AD. However, birds exposed to more noise may be more stressed, leading them to flee sooner after they detect the danger, as shown in previous studies (Meillère et al., 2015).

Therefore, we think it is valuable to study the impacts of urban noise on AD and FID in a bird study regarding noise pollution, which has not yet been done to our knowledge. This approach may highlight two opposing ways urban noise may impact an animal’s antipredator behavior (either by distracting the animal or causing it to increase its vigilance) that are not mutually exclusive.

Many corvid species, including the Eurasian Magpie (Pica pica), have spread into urban areas (Benmazouz et al., 2021; Abou Zeid et al., 2023). Their behavioral flexibility has allowed them to adapt to urban areas by modifying their behavior (Benmazouz et al., 2021). For example, Eurasian Magpies tend to raise the heights of their nests in trees as urbanization intensity increases to avoid disturbances from humans and predation from Hooded Crows (Corvus cornix; Šálek et al., 2020; Xu et al., 2020; Ciebiera et al., 2021). Thus, Eurasian Magpies are ideal subjects for studying urban noise’s ecological implications on animal behavior.

This study aims to investigate the effect of noise pollution on Eurasian Magpies’ antipredator behavior in urban areas during the breeding season. The specific objectives are 1) to study the variation of AD and FID/AD of Eurasian Magpies across a gradient of urban noise and 2) to investigate the consistency of the impact of noise on threat detection and speed of the escape response. We hypothesize two potential reactions of Eurasian Magpies against increased noise: a) reduction in the birds’ AD due to masking or distraction or b) increase in AD due to heightened vigilance. Additionally, we expect that FID/AD may be increased so the Eurasian Magpies can compensate for reduced hearing by reacting more quickly to perceived threats. We think noise’s impact on threat detection may not be congruent with the escape response, even though the two may be highly correlated. To investigate these hypotheses, we modeled the effect of ambient noise on the AD and FID/AD of Eurasian Magpies in Prague, taking into account other confounding variables, such as the Starting Distance (hereafter SD, the distance that separates the researcher from the bird at the start of the sampling), the age of the individual, and the site surveyed.




2 Methods



2.1 Study area and field data collection

The fieldwork was conducted in Prague, Czechia, during the breeding season of 2022 (with more than 95% of data collected from mid-May until mid-July and before noon). Public parks and green areas with large Eurasian Magpie populations were surveyed on days that were not rainy or strongly windy (Beauford number ≤ 3). Standardized AD and FID collection methods were used (Blumstein, 2003). Only Eurasian Magpie individuals who were on the ground were sampled. When an individual was detected, the field researcher (FAZ, wearing similar inconspicuous dark clothes) began the collection by dropping a small marker (made of cotton and cloth not to attract the bird’s attention) behind their back to mark the Starting Distance (SD). The researcher began approaching the bird slowly and at a steady speed. Another marker was dropped when the bird started to exhibit alert behavior to the advancing person (looking at the field investigator, displaying cautious behavior, turning its head, etc.; Fernández-Juricic et al., 2001). A third marker was dropped when the bird escaped (by jumping or flying). Then, the researcher would stand in the bird’s last occupied spot and collect information regarding the noise level. The ambient noise level (dBA) was measured using a Multifunctional environment meter 13/464/0 from Brannan by collecting the minimum and maximum noise levels detected by the tool in 1 minute right after each individual was approached. The mean noise level was calculated as the average of the maximum and minimum collected within the minute. This was done to ensure that measured noise reflected the noise levels when the individual was approached. We also took note of the individual’s age (juvenile vs. adult). Juveniles were identified by smaller body sizes and shorter tails. Additionally, we counted all Eurasian Magpies in the flock near the sampled individual and the density of people present within a radius of 50 meters around the sampling point. After taking note of all these variables, the investigator measured the SD, AD, and FID from the birds’ last perch to the respective marker using a surveyor’s tape. We did not approach individuals who were alert before the start of the collection (Morelli et al., 2022). To reduce pseudo-replication bias, we avoided resampling the same individuals. Sites (parks or other green areas) with only one observation were also dropped.




2.2 Statistical analyses

We calculated the ratio of FID to AD (FID/AD). Since the maximum distance the individual can take flight at is constrained by the AD, it is necessary to use a corrected flight distance (Shannon et al., 2016). Several authors have used the distance separating AD and FID (AD – FID) as a corrected flight distance (also termed Buffer Distance or Assessment Interval; Fernández-Juricic et al., 2002; Shannon et al., 2016; Tätte et al., 2019). However, calculating the corrected flight distance in this way gives an absolute number and does not relay the relationship between FID and AD. Therefore, a better way to adjust FID for AD is to look at the proportions (FID/AD). We used the FID/AD ratio as a corrected flight response measure. High FID/AD indicates a small difference between FID and AD, suggesting a fast escape after threat detection. In contrast, smaller FID/AD shows a larger difference between the two measures and, thus, a slower escape after threat detection.

SD and AD were root square transformed to approach a normal distribution. All continuous variables were scaled and centered. Pearson’s correlation coefficients were calculated to check the correlation among the SD and AD and SD and FID/AD measures.

Generalized Linear Mixed Models (hereafter GLMMs) were performed to assess the impact of ambient urban noise on the Eurasian Magpies’ AD and FID/AD. AD and FID/AD were the response variables, while the mean noise level was the predictor. The age of the individual (juvenile or adult) and the SD were also predictors, as they were previously demonstrated to impact the antipredator responses of birds (Blumstein, 2003; Kalb et al., 2019). Since all data was collected in Prague, we can assume a similar predation risk across the collected data. Additionally, the site (or park) was used as a random factor to reduce confounding variables (such as the variability among human activity in different sites and the type of vegetation cover), which may impact the antipredator behavior (Radvan et al., 2023).

Since most Eurasian Magpies sampled were alone or in very small flocks (93% of sampled individuals had two or fewer conspecifics nearby), we have not included the flock size in the models. Similarly, we have not included the human density around the sampled individuals since human density was similar across observations, with 75% of observations having five or fewer people within a 50 m radius around the sampled individual.

The models were fit using the R package “lme4” (Bates et al., 2014). The R package “lmerTest” was used to derive p-values using Satterthwarte’s degrees of freedom method (Kuznetsova et al., 2017). The Variation Inflation Factor (VIF) was calculated from the “car” package to assess multicollinearity among the predictors, but none was detected (all VIF < 5; Fox et al., 2007). Plots of residuals against fitted values were evaluated visually for further model validation. Cook’s distance values were used to detect influential observations, but none were found. The conditional R2 (the proportion of variance explained by fixed and random effects and marginal R2 (the ratio of variance presented by the fixed effects only) were calculated to explore the models’ performance using the r2 function from the ‘performance’ package of R (Lüdecke et al., 2021)

All analyses were performed using R software version 4.3.0 (R Core Team, 2022).





3 Results

Initially, we sampled 169 Eurasian Magpie individuals at 13 different sites. After removing sites with single observations, 167 individuals remained (138 adults and 29 juveniles) at 11 sites. On average, around 6 Eurasian Magpies were sampled in one session. Mean ambient sound levels ranged from 43.0 to 63.2 dBA, averaging 50.4 ± 5.1 (SD) dBA. Min noise ranged from 38.0 to 56.7 and averaged 44.9 ± 4.1 dBA. Max noise ranged from 45.6 to 77.0, averaging 55.9 ± 7.2 dBA. The average SD, AD, and FID/AD values for adults, juveniles, and all data are presented in Table 1.


Table 1 | The mean Starting Distance (SD), Alert Distance (AD), and Flight Initiation Distance (FID)/AD ± Standard Deviation for adults, juveniles, and all Eurasian Magpie individuals.



SD and AD were positively correlated (r(165) = 0.84, p-value < 0.001; Figure 1). SD was negatively correlated with the FID/AD ratio (r(165) = -0.37, p-value < 0.001; Figure 1).




Figure 1 | The correlation between (A) Alert Distance (AD) and Starting Distance (SD) and (B) SD and the Flight Initiation Distance/Alert Distance (FID/AD) ratio of Eurasian Magpies surveyed. Envelopes around linear regression lines represent the 95% Confidence Intervals. n = 167.



As for the results of the GLMMs the SD had a significant positive impact on the AD (Table 2); juveniles had significantly longer ADs than adults (Table 2). The noise level did not show a significant effect on the AD of the Eurasian Magpies (Table 2). The SD and noise levels had a significant negative effect on the FID/AD ratio, while the age did not seem to have any (Table 3; Figure 2).


Table 2 | Alert Distance (AD) model.




Table 3 | Flight Initiation Distance (FID)/Alert Distance (AD) models.






Figure 2 | The association between the Flight Initiation Distance/Alert Distance (FID/AD) ratios and the noise level (dBA). The envelope around the linear regression line represents the 95% Confidence Interval. n = 167.






4 Discussion

Surviving predation attempts requires efficiently detecting predators and assessing their danger level (Lukas et al., 2021). Here, we studied the impacts of ambient urban noise on Eurasian Magpies’ alertness to predators and antipredator response through AD and FID/AD under a gradient of urban noise. We found no significant effect of noise on AD, but increased noise negatively impacted the Eurasian Magpies’ FID/AD ratios.



4.1 Noise and alertness

We found no impact of the ambient noise levels on the AD of the Eurasian Magpies surveyed. Several studies have shown that many birds (especially ground foraging species) spend more time vigilant and visually scanning for predators in noisier environments and less time feeding to compensate for their reduced hearing abilities (Quinn et al., 2006; Ware et al., 2015; Klett-Mingo et al., 2016; Partan, 2017; Evans et al., 2018). We had predicted that such an increase in vigilance might lead to a rise in the ADs of the Eurasian Magpies. Tätte et al. (2019) found that although birds in urban areas were more vigilant (assessed by the proxy of the head-raising behavior of birds), there was no correlation between the increase in vigilance and the detection of predators (AD). Some birds may be able to detect threats while foraging with their heads down due to their wide visual field, making them less reliant on sound cues, and thus, they may not need to compensate for reduced hearing by increasing vigilance (Lima and Bednekoff, 1999; Blumstein et al., 2004; Fernández-Juricic et al., 2004). However, this also means that those birds may detect a predator before displaying vigilant behavior or looking directly at it, which is the criteria for measuring AD (Blumstein et al., 2004). Therefore, we can not entirely deny the possible impact of noise pollution on the Eurasian Magpies’ capacity to detect danger. Still, there seems to be no variation in their displayed vigilant behavior. The noise may still impact the predator detection capacity of the Eurasian Magpies, but it could need larger samples to confirm or a different technique to assess (Blumstein et al., 2004).




4.2 Noise and escape

Although the Eurasian Magpies did not seem to have modified alertness, they responded more slowly to threats and had significantly smaller FID/AD ratios under noisier conditions. Meillère et al. (2015) found an opposite trend in breeding female House Sparrows (Passer domesticus). However, the birds were rural birds that were exposed to chronic noise for only two months, while in our study, the Eurasian Magpies surveyed are urban individuals that have been exposed to urban noise longer and have adapted to the presence of humans in urban parks and may view them as less of a threat than the rural House Sparrows. In addition, different species may react differently to noise. Another study found a negative correlation between the level of noise and the FID of ground foraging bird species, indicating a delayed escape, similar to our results, but found a different trend in flycatching and canopy-gleaning species (Petrelli et al., 2017). Therefore, the impact of noise pollution on the antipredator behavior of birds may be species-specific. A similar pattern to our study was discovered in a non-avian species, the Caribbean Hermit Crab (Coenobita clypeatus), which was slower to respond to simulated images of a silent predator when exposed to noise and the authors suggested the distracted prey hypothesis (Chan et al., 2010a; Chan et al., 2010b). Since individuals have limited attention, they must divide it among relevant stimuli and processes (i.e., foraging and vigilance; Dukas, 2004; Washburn and Taglialatela, 2006). Additional stimuli, such as anthropogenic noise, may distract an animal by causing it to involuntarily shift some of its limited attention to it and away from the relevant tasks at hand, which would increase its vulnerability to predation (Dukas, 2004; Chan et al., 2010b). Increased noise may also be related to increased traffic or human presence, which could create additional simultaneous visual distractions to which the bird may be diverting some of its attention. Here, we also measured the AD to confirm whether the impact of noise on the escape behavior can also reflect the alertness levels of the individuals. We found no noise effect on the Eurasian Magpies’ AD. Therefore, our results do not directly support the distracted prey hypothesis in terms of their capacity to detect the predator. The Eurasian Magpies studied may have taken longer to assess the level of threat the approaching person poses due to their attention being divided among several tasks and their brain processes being overwhelmed at increased noise levels. In this case, it could be that the noise is not interfering with their capacity to receive visual stimuli from the predator but rather distracting and slowing down their decision-making process or execution of their response (Dukas, 2002). Tätte et al. (2019) found that birds in urban areas were more vigilant but delayed their escape after detecting the threat and suggested that the increased distractions in urban areas, including noise, may explain their results (Chan et al., 2010b). Our study supports their suggestion as Eurasian Magpies took longer to assess threat as background noise increased.

Another non-mutually exclusive explanation could be that the background noise may be masking relevant auditory cues, such as the footfalls of the approaching predator (Barber et al., 2010; Zhou et al., 2019). Although the Eurasian Magpies still seem to detect the predator normally, their perception of auditory cues may be impaired under higher noise. Animals resort to multisensory integration to lessen environmental uncertainty (Munoz and Blumstein, 2012; Partan, 2017). Multisensory integration relies on different stimuli from several sensory modalities during decision-making, such as during antipredator behavior (Munoz and Blumstein, 2012). Stimuli are considered “redundant” if they lead to a similar response in the same direction (i.e., escaping the threat; Partan et al., 2009). When presented together, redundant stimuli interact, leading to three possible behaviors of the recipient: equivalence (response is not different from when stimuli are presented alone), enhancement (response is more intense), and antagonism (response is reduced; Partan and Marler, 2005; Munoz and Blumstein, 2012). At lower noise, the Eurasian Magpies would receive auditory and visual cues from the predator, which may lead to an enhanced response and cause them to flee faster from farther distances than Eurasian Magpies approached at noisier conditions. In other avian and non-avian studies, visual and auditory cues were shown to lead to an enhanced antipredator response. For example, Free-living Hoatzins (Opisthocomus hoazin) were more alert and escaped more quickly when approached by loud tourists than silent ones (Karp and Root, 2009). In addition, when combined, auditory and visual cues of predators instigated stronger and faster antipredator responses from a fish species when presented separately (Lukas et al., 2021), and wild squirrels’ response to conspecific’s alarm call was enhanced in the presence of both auditory and visual elements (Partan et al., 2009). In our study, higher level urban noise may have been masking auditory predator cues and, thus, decreasing the information received by the Eurasian Magpies even in the presence of normally perceived visual cues and preventing an enhanced response, which would explain the decreased FID/AD ratio at higher levels of noise while AD is unaffected. However, to confirm that combined auditory and visual predator cues cause an enhanced antipredator behavior in urban Eurasian Magpies, future experiments must follow the “multiple stimuli framework” proposed by Munoz and Blumstein (2012).

Finally, it is crucial to stress that while we made diligent efforts to control variables, the nature of our fieldwork study introduces the possibility of uncontrolled confounding variables. Consequently, the observed impact of noise on FID/AD may be influenced by other unaccounted-for variables that may have emerged during the fieldwork. We suggest future controlled settings where the researchers manipulate the noise levels to confirm better direct effects of noise on the antipredator behavior of Eurasian Magpies.

Here, we did not include human density in the models as we found a similar human activity across observations. We believe that human density was similar as we have visited the field under comparable weather conditions and times of the day. Additionally, we believe that any slight difference in human density across different parks would be accounted for within the random factor of the park.




4.3 Antipredator behavior and age

We found that juvenile Eurasian Magpies had significantly longer ADs than adults. Their FID/AD ratios were not significantly different, meaning that younger birds detect threats earlier but take a similar time to respond. Other studies found conflicting results between juvenile and adult antipredator behavior where some found that juveniles were more vigilant (similar to our results, i.e., de Jong et al., 2021; Mohring et al., 2022), others found the opposite to be true (i.e., Koch and Paton, 2014; Kalb et al., 2019), while some found no significant differences between the two age groups (i.e., Biondi et al., 2020). In some species, behavioral plasticity allows individuals to change their behavior across their lifetime based on different selective pressures (Petelle et al., 2013). In urban areas, juveniles may still have not habituated well to the increased presence of humans and may still be wearier of people than their adult counterparts. Eurasian Magpies may increase their tolerance to people throughout their lives. In urban areas where humans are increasingly present and generally harmless, birds would benefit from reducing their fear of humans to decrease energy loss and missed opportunities due to constant fleeing (Cooper and Frederick, 2007; Díaz et al., 2021). Alternatively, adults and juveniles may have different priorities while balancing the trade-off between vigilance and other activities, especially when adults are foraging for offsprings during the breeding season, such as when the experiment was conducted.





5 Conclusions

During the breeding season, we assessed the effects of urban noise pollution on the antipredator behavior of Eurasian Magpies in Prague. We found that noise may not interfere with Eurasian Magpies’ capacity to detect danger but increases their time to respond to it. We propose that the impact of noise on the escape behavior may not always reflect the same pattern in its capacity to detect the predator and suggest that future studies investigating the impact of noise on the escape behavior consider both aspects of the antipredator behavior. We also recommend future studies to compare different aspects of attention and to find the best proxies of predator detection (such as using telemetric eye trackers) since birds may detect the approaching person before displaying alertness to it, and AD may not always be a very precise measure of predator detection (Yorzinski and Platt, 2014; Tätte et al., 2019).
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