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Abstract

Human disturbance, particularly road traffic, is one of the greatest threats to wildlife. Considering the association between alerting behavior and
the survival of animals, it is important to study the effects of road traffic on alerting behavior of wildlife. Previous studies assessing the short-
term impact of road traffic on alerting behavior of wildlife have focused on vigilance distances. However, studies on the use of alarm calls are
scarce, and it is unclear whether such behavioral responses change after repeated exposure to road traffic. WWe assessed the alerting behavior of
plateau pikas (Ochotona curzoniae) who were near or far from roads when facing a potential predator. We found that pikas near roads exhibited
shorter vigilance and tolerance distances, and produced fewer alarm calls than those relatively far away from roads. Furthermore, both vigilance
and tolerance distances of plateau pikas were significantly positively correlated with the distance from the burrow to the road. Road traffic
reduced antipredator responses and shaped alerting behavior; that is, pikas near roads were bolder and more silent compared to those far away
from roads. Our findings suggest that increasing urbanization will have corresponding effects on animal behavior, which may have significant

fitness effects in the future.
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The expanding human footprint is affecting wildlife globally.
A variety of human activities, particularly road traffic, pro-
foundly affect wildlife (Simpson et al. 2016; Iglesias-Merchan
et al. 2021). The expansion of road networks promotes eco-
nomic development; however, this negatively affects wildlife
and their habitats by increasing human disturbance and hab-
itat fragmentation (Carter et al. 2020; Li et al. 2022). Even
nonfatal disturbances from humans can affect an animal’s
behavior and physiological functions, such as disturbing
hearing thresholds, communication, and foraging (Pan et al.
2011; Simpson et al. 2015; Senzaki et al. 2016; Weiperth et
al. 2016; Zhang et al. 2021). Predation risk assessment and
proper response are essential for the survival of prey species
(Ivins and Smith 1983). Wild animals may become alert and
flee in response to an approaching threat (Blumstein 2014;
Shannon et al. 2014, 2016a, 2016b). Considering the direct
association between alerting behavior and wildlife survival
(Ivins and Smith 1983; Templeton 2005), a fundamental
understanding of how road traffic influences alerting behav-
ior of wildlife is necessary for developing conservational pol-
icies to protect wild animals (Allan et al. 2020).

With the rapid development of road construction and tour-
ism in recent years, road traffic is having a great impact on the
ecosystem of the Qinghai-Tibet Plateau. However, studies on
how road traffic affects the vigilance behavior of wildlife in
the Qinghai-Tibet Plateau are limited. Previous studies have

primarily focused on the immediate response of animals to
short-term traffic noise (Radford et al. 2016). In most cases,
it is unclear whether such behavioral responses to road traffic
change after repeated exposure, particularly when consider-
ing habituation (Morris-Drake et al. 2016; Kok et al. 2021).
Therefore, studies on the alteration in tolerance and possible
behavioral adaptations in wildlife after repeated exposure to
road traffic are needed. In addition, previous studies assessing
the impact of road traffic on alerting behavior have mostly
focused on measuring animal vigilance distances (Li et al.
2011; Shannon et al. 2016a, 2016b); however, it is unclear
whether road traffic affects alarm call usage by the wild
animals.

Many studies have reported that the latency of behavioral
responses in animals can be altered by human disturbance
(Hasan et al. 2018; Tidau and Briffa 2019; Halfwerk and
van Oers 2020). Road traffic may generate an extra periph-
eral stimulus (acoustic, visual, or seismic) that distracts
animals from attending to key cues (e.g., an approaching
predator). This is known as the distracted hypothesis, which
predicts that human activities (e.g., road traffic, anthropo-
genic noise) may reallocate the finite attention of animals,
thus preventing them from dealing with other sensory
cues (Blumstein 2010, 2014; Chan and Blumstein 2011).
For instance, Caribbean hermit crabs Coenobita clypea-
tus allowed a potential predator (i.e., human) to approach
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closer before they hid during boat motor playbacks than
during silence (Chan et al. 2010). In contrast, the risk distur-
bance hypothesis states that the decreased response latency
could be due to increased alertness or stress caused by traffic
noise (Ferndndez-Juricic et al. 2003; Voellmy et al. 2014).
The 3-spined stickleback Gasterosteus aculeatus responded
significantly more quickly to the visual predatory stimu-
lus during additional-noise playbacks than during control
conditions (Voellmy et al. 2014). Despite several intrigu-
ing reports, actual evidence of the distracted hypothesis or
risk disturbance hypothesis outside of the laboratory is still
limited.

In this study, we explored the effect of road traffic on the
vigilance behavior of a plateau mammal, the plateau pika
Ochotona curzoniae, and its tolerance of which to human
disturbance. As a small herbivorous lagomorph, plateau pikas
are widely distributed on the Qinghai-Tibet Plateau at 3,200-
5,300 m altitude (Qu et al. 2013,2018). Known as a keystone
species, plateau pikas live in the Kobresia humilis grassland
(Figure 1). Their breeding season is from May to July (Qu et
al. 2013, 2018). They are prey to predators (weasels, foxes,
and raptors) and share their burrows with some birds (Qu
et al. 2015; Speakman et al. 2021). Plateau pikas are social
during the breeding season. There are strict territory bounda-
ries between pika families, and plateau pikas have a complex
social system with extensive burrows. Individuals from the
same family group live mainly within their territory, while
individuals from nonfamily groups are driven away. Unlike
most other lagomorphs, plateau pikas have an extremely
complex vocal repertoire (Smith et al. 1986); therefore, they
are also called “singing mice”. We measured the vigilance
distance, the tolerance distance, and the proportion of alarm
calls produced by plateau pikas when facing a potential pred-
ator. We predicted that plateau pikas would exhibit reduced
vigilance responses after repeated exposure to road traffic,
that is, habituation.

Materials and Methods

Study site and animals

Our study was conducted at the Haibei National Field
Research Station of Alpine Grassland Ecosystem, located in
Menyuan in Qinghai Province, China, in June 2017. A large
number of plateau pikas inhabit this grassland. The study

Figure 1. An adult plateau pika who is producing alarm calls near the
burrow (photo courtesy of Ming Zhang).

site was approximately 330 m wide, and was fenced by
herdsmen with barbed wire. The grassland was divided into
3 colonies, with approximately 50 m between the colonies.
Each colony was approximately 150-200 m long (Figure 2).
One side of the meadow was a road, which was approxi-
mately 5 m wide. Daytime traffic flow was approximately
12 vehicles per hour during the experiment, and not many
people were walking down the road. We classified plateau
pikas that were <50 m away from the road as “the near-
the-road group,” and those that were <50 m away from the
fence (far away from the road) into “the far-from-the-road
group” (Figure 2).

Field observations revealed that plateau pikas tended to
run close to their burrows to avoid being attacked when a
potential predator approached. If the predator continued to
approach, the pikas produced alarm calls (a short, monosyl-
labic, and high-frequency chirp) to deter the predator from
hunting or immediately fled into their burrows.

Evaluation of vigilance behavior

This experiment was conducted on adult plateau pikas since
only adult pikas produce alarm calls (Smith et al. 1986).
In May and June, it is easy to distinguish adult pikas from
juvenile ones based on body size (Qu et al. 2013, 2018).
Following Li et al. (2011) and Blumstein (2014), we measured
the following 4 parameters to assess the vigilance behavior of
adult plateau pikas: (1) the calling initiation distance, which
is the distance from the approaching predator when a pika
starts to produce alarm calls (i.e., alert distance or vigilance
distance); (2) flight initiation distance, which is the distance
from the approaching predator when a pika flees into the bur-
row (i.e., tolerance distance); (3) the corrected flight distance,
which is the calling initiation distance minus the flight initia-
tion distance, and indicates the effective distance to alert by
producing alarm calls; and (4) the proportion of plateau pika
groups with individuals that emit alarm calls when facing an
approaching predator.

We conducted this experiment on 3 sunny days to
reduce the effect of weather conditions. Two experiment-
ers assessed 1 colony per day, wherein each experimenter
randomly measured the vigilance distance of pikas close to
the road or far from the road. The pikas in each colony
were assessed only once. We conducted the experiment dur-
ing dusk (17:00-21:00) when plateau pikas were actively
foraging. Humans may be treated as predators by wildlife,
and this paradigm is often used to study the antipreda-
tory behavior of wildlife (Frid and Dill, 2002; Blumstein
et al. 2004; Blumstein 2014). Considering the influence of
the start distance (the distance at which the experimenter
begins to approach the pikas) on the measurement of the
flight initiation distance (Dumont et al. 2012; Blumstein
2014), we ensured that the start distance for focal pikas
was the same before measuring the flight initiation dis-
tance. Wearing the same gray clothes, we approached the
focal pikas at a consistent speed of approximately 0.5 m/s,
and stopped when the pikas started to produce alarm calls
or fled into the burrow (Figure 2). We then used a laser
rangefinder (BOSCH GLM 30, Leinfelden-Echterdingen,
Germany) to measure the distance from the burrow to the
road (location distance), calling initiation distance, and
flight initiation distance. In total, we measured the vigilance
behavior of 234 pikas (119 near the road and 1135 relatively
far from the road).
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Figure 2. The diagram of the experimental colonies and procedure.

Analysis and statistics

All statistical analyses were conducted using R (v.3.6.3) (R Core
Team 2020), and the statistical graphs were visualized using
the packages “ggplot2” (v.3.3.3) (Wickham 2016). Spearman’s
correlation was used to assess whether the calling initiation
distance and flight initiation distance, of plateau pikas were
associated with the distance from the burrow to the road. A
Mann-Whitney U test (Wilcoxon rank-sum test) was used to
compare the alert distances and tolerance distances of plateau
pikas between the 2 groups (near the road and far from the
road), since the data were not normal (Shapiro—Wilk normality
test; P > 0.05). Fisher’s exact test (2-tailed) was used to com-
pare the 2 groups in terms of the ratio of alarm calls produced
by plateau pikas. As nonparametric tests were used, data were
presented as medians with interquartile ranges; P < 0.05 was
considered statistically significant.
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Results

The location distances between the pikas near the road and
relatively far from the road were 20 = 7.5 and 305 = 25 m
(median + interquartile range), respectively. The calling initia-
tion distance of plateau pikas was significantly correlated with
the distance from the burrow to the road (r = 0.602, P < 0.001,
n = 62, Figure 3A). In addition, the flight initiation distance was
significantly positively correlated with the distance from the
burrow to the road (r = 0.759, P < 0.001, n = 234; Figure 3B).

We found that the near-the-road group had significantly
shorter calling and flight initiation distances than the far-
from-the-road group (Mann-Whitney U Test, P < 0.001;
Figure 4 and Table 1). The calling initiation distances
between the pikas near the road and relatively far from the
road were 9.0 = 2.7 and 19.5 + 15.2 m (median = inter-
quartile range), respectively. The flight initiation distances
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Figure 3. Spearman’s correlation analyses between the location distance and alert distance of pikas. Linear correlations between distance from the
burrow to the road and calling initiation distance (A), flight initiation distance (B).
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Figure 4 Comparison of alert responses between plateau pikas near
the road and far from the road. CID, the calling initiation distance; FID,

the flight initiation distance; CFD, the corrected flight distance. Mann—
Whitney UTest, ***P < 0.001.

between the pikas near the road and relatively far from the
road were 4.8 = 2.7 and 14.0 = 6.7 m (median = interquar-
tile range), respectively. Interestingly, when facing a poten-
tial predator, the percentage of pikas producing alarm calls
was higher in the far-from-the-road group (38.3%) than
that in the near-the-road group (15.1%) (Fisher’s exact test,
P < 0.001; Figure 5). Moreover, pikas near the road also had
a shorter corrected flight distance (2.2 = 3.1 m, median =
interquartile range) than those far from the road (7.3 = 6.4
m, median = interquartile range; Mann—Whitney U Test, P <
0.001; Figure 4 and Table 1).

Discussion

Our results demonstrated that when facing a potential preda-
tor, plateau pikas near the road have shorter calling initiation
(i.e., vigilance distance) and flight initiation (i.e., tolerance
distance) distances, and produce fewer alarm calls than those
relatively far from the road. In addition, both the calling and
flight initiation distances of plateau pikas were significantly

positively correlated with the distance from the burrow to the
road (location distance).

Many studies have reported that various animals change
their alerting behaviors in response to human disturbance (Li
et al. 2011; Shannon et al. 2016a, 2016b; Geipel et al. 2019;
Kok et al. 2021). Road traffic, which is frequently seen as a
threat by wild animals, has been reported to increase vigi-
lance distance (Meillere et al. 2015; Kern and Radford, 2016;
Shannon et al. 2016a, 2016b; Sweet et al. 2022). However, we
showed that the vigilance distance of plateau pikas close to
the road decreased after exposure to road traffic; that is, pikas
were bolder when facing an approaching risk. Our results are
consistent with those of Halfwerk et al. (2019), who showed
that forest male tingara frogs Physalaemus pustulosus ceased
to call at a longer distance than that observed in urban males
when a human observer approached them. To some extent,
our results fit with the distracted prey hypothesis (Chan and
Blumstein 2011; Blumstein 2014; Kok et al. 2021), and sug-
gest that road traffic may potentially distract the pikas from
attending to an approaching predator. As we used humans to
represent a ground predator, there may be a bias for the pla-
teau pikas to respond differently to flying predators.

Road traffic suppressed the antipredator responses of pla-
teau pikas and shaped their alerting behavior. Among the
vocal communications of adult plateau pikas, alarm calling is
most frequent, particularly in females (Smith et al. 1986). We
found that plateau pikas near the road produced fewer alarm
calls and had shorter effective distances (i.e., the corrected
flight distance) to alert by producing alarm calls than those
far from the road. Our results are consistent with those of
Hasan et al. (2018), who showed that the fright reaction of a
freshwater fish Pimephales promelas was reduced after expo-
sure to motorboat noise. Within a short distance, significant
changes occurred in the vigilance pattern of plateau pikas.
One possible reason is that the construction of roads reduced
the number of predators (e.g., weasels and foxes) around the
road, which in turn reduced predation pressure on plateau
pikas near the road. Under silent circumstances, sand gobies
Pomatoschistus minutus previously exposed to high levels of
long-term boat noise retained a reduced antipredator reac-
tion, reducing the time spent away from the nest when a pred-
ator appeared (Kok et al. 2021). Thus, the impact of road
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Table 1. The vigilance responses of plateau pikas to an approaching predator.

Current Zoology, 2023, Vol. 69, No. 5

Distance (m) Group Sample Median IQR Lower Upper Mean SE
LD Near the road 119 20 7.5 15 22.5 19.217 0.905
Far from the road 115 305 25 290 315 304.407 1.271
CID Near the road 18 8.991 2.745 7.793 10.539 9.645 0.881
Far from the road 44 19.507 15.189 14.148 29.337 22.382 1.488
FID Near the road 119 4.814 2.702 3.558 6.259 5.019 0.19
Far from the road 115 13.964 6.739 10.492 17.231 14.66 0.579
CFD Near the road 18 2.178 3.07 1.327 4.397 3.438 0.825
Far from the road 44 7.29 6.408 4.962 11.371 8.333 0.837

Abbreviations: LD, location distance; CID, the calling initiation distance; FID, the flight initiation distance; CFD, the corrected flight distance. IQR,

interquartile range; Lower, lower quartile; Upper, upper quartile.
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Figure 5. The proportion of alarm calls produced by plateau pikas near
the road and far from the road. “Silent” means that the pikas did not
produce alarm calls when a potential predator was approaching. Fisher's
exact test, ***P < 0.001.

traffic on the vigilance behavior of pikas may remain even if
road traffic is reduced. Our study indicated that road traffic
may drive behavioral differentiation in wildlife.

Moreover, the closer plateau pikas were to the road, the
shorter was their flight initiation distance. The reduced vig-
ilance responses of plateau pikas near the road were likely
driven by increased tolerance after repeated exposure to
road traffic (i.e., habituation). Further, our field observation
revealed that some plateau pikas even burrowed adjacent to
roads. Samia et al. (2015) reported that disturbed popula-
tions of birds, mammals, and lizards exhibited shorter tol-
erance distance to humans than populations that were less
disturbed. After repeated exposure, plateau pikas near the
road may have learned that passing vehicles or pedestrians
are not a threat; therefore, they tolerated closer approaches.
This behavior is different from that of prairie dogs Cynomys
ludovicianus, which exhibited increased responses rather than
habituation during experiments involving recurrent human
interference (Magle et al. 2005), and that such interspecific

variation may relate to the variation in tolerance to human
disturbance (Radford et al. 2016). An alternative explanation
is that the timid pikas among populations near the road were
eliminated (i.e., selection). However, considering that roads
do not pose a lethal threat to the survival of plateau pikas,
this explanation may not be appropriate here.

Road traffic suppressed the antipredator responses of pla-
teau pikas, which may have negative ecological consequences.
The disruption of this effective antipredator behavior (e.g.,
alarm calls) means that road traffic has the potential to
increase the predation risk of the plateau pikas; that is, the like-
lihood of escaping from predators may be reduced (Simpson
et al. 2015) and mortality may be increased (Simpson et al.
2016). Decreasing vigilance and increasing tolerance seem to
be common responses for wildlife to adapt to human distur-
bances (Blumstein 2010; Li et al. 2011; Samia et al. 2015).
However, these adaptive responses to human disturbance are
thought to lead to a homogeneous community structure in
disturbed environments (Cooke et al. 2020) because the taxa
with relatively low tolerance to human disturbance disappear
from the city. In contrast, increased vigilance response will
reduce the time to invest resources for nutrition and health
in the long term, although it may be an effective method to
decrease predation risk and improve survival in the short
term (Cresswell 2008). The reduced alert response is associ-
ated with some prospective fitness advantages (e.g., foraging).
The shorter vigilance distance means less time spent on vigi-
lance. Therefore, the bold plateau pikas will have more time
for foraging than those who are always on guard (e.g., the
pikas far from the road). These behavioral responses may be
tuned to meet the intensity of perceived risk, allowing pikas
to trade off the costs and benefits involved with decreasing
or increasing vigilance responses to possible threats (Ferrari
et al. 2009).

Human disturbance to animals is a key problem in wild-
life management and conservation (Shamoun-Baranes et al.
2011). Analyzing animal behavioral reactions to human dis-
turbances is a valuable tool for assessing anthropogenic influ-
ences on wildlife. Our study showed how road traffic affects
the vigilance behavior of a wild mammal on the Qinghai-
Tibet Plateau, which can help us in predicting the influence
of increased road traffic on plateau wildlife in the future. The
expanding human footprint is affecting wildlife globally, even
on the Qinghai-Tibet Plateau, through various mechanisms,
many of which we are only just beginning to understand.
More studies should be conducted to assess the multimodal
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impacts of road traffic on wildlife (Cooke et al. 2020), par-
ticularly after considering that noise can affect the chemical
or visual communication of animals through cross-sensory
interference (Morris-Drake et al. 2016; Halfwerk and van
Oers 2020; Zhu et al. 2022).

Ethics Statement

All applicable international, national, and/or institutional
guidelines for the care and use of animals were followed. All
procedures involving animals performed in this study were in
accordance with the ethical standards of the Animal Care and
Use Committee of Chengdu Institute of Biology, CAS (2016008).

Acknowledgments

We thank Yahui Zhu for his assistance in field experiments.

Funding

This work was supported by Sichuan Science and Technology
Program (2022]JDTD0026), National Natural Science
Foundation of China (31772464, 32001095), and Youth
Innovation Promotion Association CAS (2012274).

Author contributions

B.Z. and ].C. conceived the original idea. B.Z. conducted
the fieldwork, analyzed the data, and wrote the manuscript.
J.Q. and ].C. reviewed the manuscript. All authors read and
approved the final manuscript.

Conflict of interest statement

The authors declare no competing financial interests.

References

Allan ATL, Bailey AL, Hill RA, 2020. Habituation is not neutral or
equal: Individual differences in tolerance suggest an overlooked
personality trait. Sci Adv 6(28):eaaz0870.

Blumstein DT, 2010. Flush early and avoid the rush: A general rule of
antipredator behavior? Behav Ecol 21:440-442.

Blumstein DT, 2014. Attention, habituation, and antipredator behav-
iour: Implications for urban birds. In: Gil D, Brumm H, editors.
Avian Urban Ecology: Bebavioural and Physiological Adaptations.
Oxford: Oxford University Pres, 4153.

Blumstein DT, Runyan A, Seymour M, Nicodemus A, Ozgul A et al.,
2004. Locomotor ability and wariness in yellow-bellied marmots.
Ethology 110:615-634.

Carter N, Killion A, Easter T, Brandt J, Ford A, 2020. Road devel-
opment in Asia: Assessing the range-wide risks to tigers. Sci Adv
6(18):caaz9619.

Chan AAYH, Giraldo-Perez P, Smith S, Blumstein DT, 2010.
Anthropogenic noise affects risk assessment and attention: The dis-
tracted prey hypothesis. Biol Lett 6(4):458-461.

Chan AAYH, Blumstein DT, 2011. Attention, noise, and implications
for wildlife conservation and management. Appl Anim Behav Sci
131:1-7.

Cooke SC, Balmford A, Donald PF, Newson SE, Johnston A, 2020.
Roads as a contributor to landscape-scale variation in bird com-
munities. Nat Commun 11(1):3125.

Cresswell W, 2008. Non-lethal effects of predation in birds. Ibis
150(1):3-17.

Dumont E Pasquaretta C, Réale D, Bogliani G, von Hardenberg A,
2012. Flight initiation distance and starting distance: Biological
effect or mathematical artefact? Ethology 118:1051-1062.

Fernandez-Juricic E, Sallent A, Sanz R, Rodriguez-Prieto I, 2003.
Testing the risk-disturbance hypothesis in a fragmented land-
scape: Nonlinear responses of house sparrows to humans. Condor
105(2):316-326.

Ferrari MCQ, Sih A, Chivers DP, 2009. The paradox of risk allocation:
A review and prospectus. Anim Behav 78:579-585.

Frid A, Dill LM, 2002. Human-caused disturbance stimuli as a form of
predation risk. Conserv Ecol 6:11.

Geipel I, Smeekes M]J, Halfwerk W, Page RA, 2019. Noise as an infor-
mational cue for decision-making: The sound of rain delays bat
emergence. | Exp Biol 222(3):jeb.192005.

Halfwerk W, Blaas M, Kramer L, Hijner N, Trillo PA et al., 2019.
Adaptive changes in sexual signaling in response to urbanization.
Nat Ecol Evol 3:374-380.

Halfwerk W, van Oers K, 2020. Anthropogenic noise impairs foraging
for cryptic prey via cross-sensory interference. Proc R Soc B Biol
Sci 287:20192951.

Hasan MR, Crane AL, Ferrari MCO, Chivers DP, 2018. A cross-modal
effect of noise: The disappearance of the alarm reaction of a fresh-
water fish. Anim Cogn 21(3):419-424.

Iglesias-Merchan C, Laborda-Somolinos R, Gonzalez-Avila S, Elena-
Rossello R, 2021. Spatio-temporal changes of road traffic noise
pollution at ecoregional scale. Environ Pollut 286:117291.

Ivins BL, Smith AT, 1983. Responses of pikas (Ochotona princeps,
Lagomorpha) to naturally occurring terrestrial predators. Behav
Ecol Sociobiol 13(4):277-285.

Kern JM, Radford AN, 2016. Anthropogenic noise disrupts use of vocal
information about predation risk. Environ Pollut 218:988-995.

Kok A, Hulten DV, Timmerman KH, Lankhorst J, Slabbekoorn H,
2021. Interacting effects of short-term and long-term noise expo-
sure on antipredator behaviour in sand gobies. Anim Behav
172(3):93-102.

Li C, Monclis R, Maul TL, Jiang Z, Blumstein DT, 2011. Quantifying
human disturbance on antipredator behavior and flush initiation dis-
tance in yellow-bellied marmots. Appl Anim Bebhav Sci 129:146-152.

Li H, Luo P, Yang H, Li T, Luo C et al., 2022. Effect of road corridors
on plant diversity in the Qionglai mountain range, China. Ecol
Indic 134:108504.

Magle S, Zhu J, Crooks KR, 2005. Behavioral responses to repeated
human intrusion by black-tailed prairie dogs Cynomys ludovi-
cianus. | Mammal 86:524-530.

Meillere A, Brischoux F, Angelier F, 2015. Impact of chronic noise
exposure on antipredator behavior: An experiment in breeding
house sparrows. Behav Ecol 26:569-577.

Morris-Drake A, Kern JM, Radford AN, 2016. Cross-modal
impacts of anthropogenic noise on information use. Curr Biol
26(20):R911-R912.

Pan D, Teng L, Cui F, Zeng Z, Bravery BD et al., 2011. Eld’s deer translo-
cated to human-inhabited areas become nocturnal. Ambio 40(1):60-67.

Qu J, Fletcher QE, Réale D, Li W, Zhang Y, 2018. Independence
between coping style and stress reactivity in plateau pika. Physiol
Behav 197:1-8.

Qu J, Li W, Yang M, Ji W, Zhang Y, 2013. Life history of the plateau
pika Ochotona curzoniae in alpine meadows of the Tibetan pla-
teau. Mamm Biol 78:68-72.

Qu ], Liu M, Yang M, Zhang Z, Zhang Y, 2015. Effects of fertility
control in plateau pikas Ochotona curzoniae on diversity of native
birds on Tibetan plateau. Acta Theriol Sin 35(2):164-169.

Radford AN, Lebre L, Lecaillon G, Nedelec SL, Simpson SD, 2016.
Repeated exposure reduces the response to impulsive noise in euro-
pean seabass. Glob Change Biol 22:3349-3360.

R Core Team, 2020. R: A Language and Environment for Statistical
Computing. Vienna: R Foundation for Statistical Computing.

Samia D, Nakagawa S, Nomura F, Rangel TF, Blumstein DT, 2015.
Increased tolerance to humans among disturbed wildlife. Naz
Commun 6:8877.



558

Senzaki M, Yamaura Y, Francis CD, Nakamura F, 2016. Traffic noise
reduces foraging efficiency in wild owls. Sci Rep 6(1):30602.

Shamoun-Baranes J, Dokter AM, van Gasteren H, van Loon EE, Leijnse
H et al., 2011. Birds flee en mass from New Year’s Eve fireworks.
Behav Ecol 22(6):1173-1177.

Shannon G, Angeloni LM, Wittemyer G, Fristrup KM, Crooks KR,
2014. Road traffic noise modifies behaviour of a keystone species.
Anim Behav 94:135-141.

Shannon G, Crooks KR, Wittemyer G, Fristrup KM, Angeloni LM,
2016a. Road noise causes earlier predator detection and flight
response in a free-ranging mammal. Behav Ecol 5:1370-1375.

Shannon G, McKenna MF, Angeloni LM, Crooks KR, Fristrup KM et
al., 2016b. A synthesis of two decades of research documenting the
effects of noise on wildlife. Biol Rev 91(4):982-1005.

Simpson SD, Purser J, Radford AN, 2015. Anthropogenic noise com-
promises antipredator behaviour in European eels. Glob Change
Biol 21:586-593.

Simpson SD, Radford AN, Nedelec SL, Ferrari MC, Chivers DP et al.,
2016. Anthropogenic noise increases fish mortality by predation.
Nat Commun 7:10544.

Smith AT, Smith HJ, Wang X, Yin X, Liang J, 1986. Social behavior of
the steppe-dwelling black-lipped pika Ochotona curzoniae. Acta
Theriol Sin 6(1):13-32.

Speakman JR, Chi QS, Oldakowski L, Fu HB, Fletcher QE et al., 2021.
Surviving winter on the Qinghai-Tibetan Plateau: Pikas suppress

Current Zoology, 2023, Vol. 69, No. 5

energy demands and exploit yak feces to survive winter. Proc Natl
Acad Sci USA 118(30):e2100707118.

Sweet KA, Sweet BP, Gomes D, Francis CD, Barber JR, 2022. Natural
and anthropogenic noise increase vigilance and decrease foraging
behaviors in song sparrows. Behav Ecol 33(1):288-297.

Templeton CN, Greene E, Davis K, 2005. Allometry of alarm calls:
Black-capped chickadees encode information about predator size.
Science 308(5730):1934-1937.

Tidau S, Briffa M, 2019. Distracted decision makers: Ship noise and
predation risk change shell choice in hermit crabs. Bebhav Ecol
30(4):1157-e1167.

Voellmy IK, Purser J, Simpson SD, Radford AN, 2014. Increased noise
levels have different impacts on the anti-predator behaviour of two
sympatric fish species. PLoS ONE 9:¢102946.

Weiperth A, Smith E, Simigla S, Puky M, Tang Y, 2016. Soundscape dynam-
ics at anuran reproductive sites in Pannonian biogeographical region:
Effects of road noise on vocal activity. Asian Herpetol Res 7(1):34-40.

Wickham H, 2016. Ggplot2: Elegant Graphics for Data Analysis. 2nd
edn. New York: Springer.

Zhang H, Zhu B, Zhou Y, He Q, Sun X et al., 2021. Females and males
respond differently to calls impaired by noise in a tree frog. Ecol
Evol 11(9):9159-9167.

Zhu B, Zhang H, Chen Q, He Q, Zhao X et al., 2022. Noise affects
mate choice based on visual information via cross-sensory interfer-
ence. Environ Pollut 308:119680.



