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SUMMARY

Communication is central to mammalian social life, enabling group coordination and individual interactions, 

and often involves a trade-off between reach and privacy.1 While signals resisting environmental attenuation 

reach distant audiences, they risk interception by predators or eavesdroppers; conversely, short-range sig

nals ensure private exchanges.2 Rodents frequently utilize ultrasonic vocalizations,3–5 which, due to rapid 

environmental attenuation,6 are generally considered a private channel for close-contact interactions within 

social groups.5,7 Although laboratory studies revealed that rodents’ ultrasonic vocalizations encode rich in

formation like emotions,5,8 identity,9,10 sex,11–13 and strain,12,13 the role of these physically constrained sig

nals in organizing broader social landscapes remains largely unexplored in the wild.14–17 Here, we investi

gated the communication system of the African striped mouse (Rhabdomys pumilio), a highly social and 

territorial rodent, combining propagation experiments, passive acoustic monitoring, and playback in the 

field. We show that striped mice emit ultrasonic calls within family groups and at territorial boundaries, using 

different types of vocalizations depending on the location. Furthermore, these signals carry group-specific 

information, allowing mice to discriminate between group members, neighbors, and strangers. By vocalizing 

at key locations, striped mice extend the functional range of their short-range signals to support a large-scale 

communication landscape mediating complex territorial dynamics.

RESULTS

The African striped mouse is a diurnal, territorial species living in 

social groups.18 Closely related to the laboratory mouse, it is an 

emerging model in evolutionary and ecological research, offering 

a bridge between lab and field studies.19–21 A previous study has 

documented its vocal repertoire in captivity, showing context- 

dependent ultrasound emission.22 Here, we employed a multifac

eted approach in the wild, using sound propagation experiments 

to define the active space of signals, long-term passive acoustic 

monitoring with microphones across multiple territories, neural 

network analysis to explore vocal group identity, and field play

back experiments to assess behavioral responses. We probe the 

paradox of using physically limited signals for potentially broad so

cial functions by asking three core questions: are high-frequency 

ultrasounds restricted to private, intra-group communication or 

do they allow mice to interact with a broader range of individuals? 

Does ultrasonic signaling shift strategically with location, adapting 

the message to the context? And, crucially, can ultrasonic calls 

broadcast group identity, thereby driving neighbor-stranger 

discrimination and shaping territorial dynamics?

Propagation of high-frequency ultrasonic vocalizations

In animal communication, information exchange spans from pri

vate one-to-one or family-based interactions to broader public 

exchanges involving multiple groups23,24 (Figure 1). Striped 

mouse high-frequency ultrasonic vocalizations (50–74 kHz22) 

are expected to attenuate rapidly due to their pitch.6 Using a 

loudspeaker calibrated to emit mouse calls at the natural inten

sity (see STAR Methods), we found that vocalizations become 

indistinguishable from ambient noise after 2 m (Figure S1). 

Consequently, the active communication space for a striped 

mouse is confined to the bush it occupies and its immediate sur

roundings, suggesting a highly localized signaling system.

Spatial distribution of vocalizations

Striped mice form family groups of up to 30 individuals, 

including one breeding male, 2 to 4 breeding females, adult 
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Figure 1. The use of ultrasounds as communication signals is a challenge for broad social functions 

(A) The active space of a signal—the region where receivers can decode its information—depends on the signal’s physical properties and the environment. Larger 

active spaces enable ‘‘public’’ communication networks among multiple individuals, whereas smaller ones support ‘‘private’’ exchanges. 

(B) Sound frequency shapes active space: high-frequency ultrasounds (>50 kHz) attenuate quickly (see also Figure S1) and are highly directional, limiting 

communication to close range and hindering broader network formation. Audible frequencies (1–20 kHz) allow neighbor identification and distance estimation via 

sound degradation. Infrasounds (<20 Hz) travel vast distances, facilitating inter-group communication.
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helpers, juveniles, and pups.18 They are highly social; individ

uals interact at the nest but forage alone during the day.18

The restricted range of their ultrasonic signals raises the ques

tion of whether these signals are limited to these close-knit, 

intra-group interactions at or near the nest or extend across 

the broader territory. To address this, we mapped the territories 

of four striped mouse groups (comprising 8 to 23 mice) using 

capture-mark-recapture methods, radio-tracking, and behav

ioral observations (see STAR Methods).25 Individual home- 

range sizes, estimated on radio-tracking data only, ranged 

from 220 to 1,330 square meters. We then deployed 23 auton

omous recorders across these territories, targeting three bush 

types: nest bushes, bushes within the territory, and bushes at 

the borders between adjacent groups (Figure 2A; Table S1). 

Over 12 days, vocalizations were detected in all locations. 

Nest bushes exhibited the highest activity, averaging 1,956 

calls/day/bush, likely reflecting greater mouse presence at 

night due to the high occurrence of vocalizations at sunrise 

and sunset. Interestingly, territory bushes averaged 115 calls/ 

day/bush, and border bushes 25 calls/day/bush, revealing 

that high-frequency ultrasounds are not exclusive to the nest 

but are utilized throughout the territory.

Location-specific vocal repertoires

To explore whether the vocalizations depend on the type of 

bush in which they occur, we analyzed the composition of 

122,619 recorded calls based on their frequency modulation 

patterns using supervised classification,22 allowing each identi

fied vocalization to be assigned to one of the following cate

gories: flat, up, modulated, down, and long-down calls 

(Figures 2B and 2C). In nest bushes, the repertoire was notably 

diverse, comprising flat calls (50%), up calls (38%), modulated 

calls (3%), down calls (3%), and long-down calls (0.3%). 

Bushes within the territory mirrored this profile, though long- 

down calls were absent. In contrast, border bushes displayed 

a distinct shift: flat and up calls decreased significantly 

compared with nest and territory bushes (flat: − 16.82%, 95% 

credible interval [CI]: [− 30.25%; − 2.77%] and − 16.97% 

Figure 2. Location-dependent ultrasonic vocalizations in striped mice 

(A) Map of the field study area showing mouse territories. Based on capture-mark-recapture, radio-tracking, and observational data, bushes were classified as: 

nest bushes (triangles), containing a group’s communal nest; within-territory bushes (squares), used exclusively by one group; and border bushes (circles), used 

by at least two groups. Black crosses indicate acoustic recorder locations (see also Table S1). 

(B) Mice produce a diverse repertoire of calls (mainly ‘‘flat,’’ ‘‘up,’’ ‘‘modulated,’’ and ‘‘long-down’’) during social interactions near the bush (NB), as shown by the 

proportional representation of call types. In contrast, foraging within the territory (WTB) is characterized primarily by short ‘‘flat’’ and ‘‘up’’ calls. At territory borders 

(BB), where inter-group conflict is likely, ‘‘down’’ calls predominate. Solid shapes represent median of posterior distribution, with bars displaying the 95% credible 

interval (see also Table S2). 

(C) Percentage distribution of 122,619 categorized vocalizations recorded at nest (n = 115,408), within-territory (n = 6,000), and border (n = 1,211) locations. 

(D) Schematic summary of the spatial distribution of call types (stylized spectrograms).
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[− 31.36%; − 2.27%]; up: − 9.78% [− 23.45%; − 4.63%] and 

− 15.76% [− 29.79%; -0.98%], respectively), whereas down 

calls surged (+32.41% [19.17%; 48.12%] vs. nest; +34.26% 

[20.6%; 50.43%] vs. territory). This marked increase in down 

calls at territorial edges suggests that they play a specialized 

role, potentially in signaling during inter-group encounters, sug

gesting location-dependent vocal plasticity. In summary, a 

striped mouse may use its vocal repertoire differently depend

ing on the bush it occupies within its territory (Figure 2D; 

Table S2).

Group-specific vocal information

We next investigated whether these vocalizations convey group 

identity, which could facilitate recognition of insiders vs. out

siders. We collected high-quality recordings of 18,213 calls 

from three distinct groups near their nests and analyzed them us

ing a pre-trained convolutional neural network (see STAR 

Methods). A two-dimensional UMAP (Uniform Manifold Approx

imation and Projection),26 based on call features extracted by the 

neural network, revealed clear clustering by group (Figure 3A), a 

result confirmed by a classification accuracy of 74.9% 

(Figure 3B). A control analysis of background noise recorded 

20 ms before the vocalizations failed to classify this noise 

correctly, supporting the conclusion that ultrasonic vocalizations 

are the primary information classified by the method (Figure 3B). 

Additionally, neural network activation maps revealed that the 

spectrographic ‘‘shape’’ of the calls, particularly their frequency 

modulation, served as the primary medium for group-specific in

formation (Figure 3C).

Behavioral responses to playback

This evidence of group-specific information suggests that ultra

sonic vocalizations could serve as identifiers of social groups, 

potentially critical for territory dynamics. We tested this hypothe

sis by conducting playback experiments during the morning 

when the mice were basking at nest bushes (Figure 4A). We 

exposed 23 individuals from 3 different groups to 1-min se

quences of calls from their own group, a neighboring group, a 

stranger group, or non-biological control sounds (noise within 

the mouse frequency band). Behavioral responses varied sharply 

by call origin (Figures 4B and 4C; Table S3; Video S1). Calls from 

strangers triggered retreat to the nest bush in 40% of trials (me

dian latency 1.8 s), increased vigilance by 18.8 s ([8.9 s; 29.4 s]), 

and reduced basking by 20.0 s ([− 30.7 s; − 10.3 s]). Neighbor calls 

elicited a milder reaction, still increasing vigilance by 11.2 s ([2.0 s; 

20.7 s]) but without promoting retreat. In contrast, group calls and 

control sounds provoked no significant behavioral change. Both 

stranger and neighbor calls stimulated heightened vocal output, 

with vigilance linked to increased production of down and flat 

calls and a reduction in up calls (Figure 4D; Table S2).

DISCUSSION

Our study reveals that short-range ultrasonic vocalizations 

in African striped mice differ between locations, demon

strating the ecological importance of acoustic communication 

both within and outside of the social group. Using a field- 

based experimental approach, we show that these high-fre

quency ultrasonic calls (50–74 kHz) carry group-specific 

Figure 3. Group-specific vocal information in striped mouse ultrasonic calls 

(A) Acoustic clustering. A two-dimensional UMAP projection of call features extracted by a neural network reveals distinct clusters corresponding to each family 

group, indicating group-specific vocal information in mouse vocalizations. 

(B) Classification performance. Left: a confusion matrix shows the neural network’s ability to correctly identify family groups from calls, with an average accuracy 

of 75%. Right: a confusion matrix demonstrated that the neural network performs at chance level when classifying background noise. 

(C) Acoustic feature importance. Neural network activation maps highlight spectrogram regions most influential for classification, revealing that frequency 

modulation and pitch carry group-specific information.
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Figure 4. Ultrasonic vocalizations mediate 

conspecific recognition in wild striped mice 

(A) Experimental setup. Equipment for ultrasonic 

playback is positioned near the nest bush where 

mice bask at dawn, enabling behavioral observations 

during their ∼40 min gathering period. A sequence of 

ultrasonic calls is broadcast from the speaker. 

(B) Retreat responses to playbacks. Mice exhibit 

greater escape behavior in response to stranger 

playback. 

(C) Behavioral reactions to playback. Stranger ultra

sounds increase vigilance and reduce basking, 

whereas neighbor ultrasounds elicit moderate vigi

lance. Calls from the mouse’s own group promote 

basking and reduce exploratory behavior. Solid disks 

represent median of posterior distribution, with bars 

displaying the 95% credible interval (see also Video 

S1 and Table S3). 

(D) Vocal-behavioral correlation. Vigilance is associ

ated with increased production of ‘‘down’’ calls and 

decreased ‘‘up’’ calls compared with basking. Solid 

disks represent median of posterior distribution, with 

bars displaying the 95% credible interval (see also 

Table S2).
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information, enabling mice to identify individuals from different 

groups. These findings provide a key step toward a better un

derstanding of rodents’ communication within natural social 

interactions.

The short-range propagation of mice ultrasonic vocalizations 

confines their active space to the emitter’s immediate vicinity, 

such as a single bush, suggesting a role limited to ‘‘private’’ ex

changes. However, field observations and playback experi

ments revealed a broader use. Mice vocalize not only at nests 

but also throughout their territory, including at border bushes 

where aggressive inter-group interactions occur18: breeding 

males are known to patrol these areas during the day,27 therefore 

using calls there is likely a way to reinforce their presence. This 

behavior extends the reach of their short-range signals, fulfilling 

roles akin to the songs of territorial birds, despite the environ

mental constraints of open spaces between bushes in their 

semi-arid habitat. Calling louder or switching to lower frequency 

calls could enable the transmission of signals across the vast, 

empty space between bushes. However, this would be unneces

sarily risky and would present both anatomical and energetic 

challenges for mice.

The mice’s territories include border bushes that serve as 

hubs for strategic communication with neighboring groups or 

for dispersing strangers. By vocalizing in these socially signifi

cant locations, striped mice overcome the short range of their ul

trasonic vocalizations, extending their functional role to interac

tions beyond the immediate family group. This communication 

strategy parallels chemical communication in mammals, where 

territorial boundaries are marked with scent.28,29 In striped 

mice, acoustic signals likely complement chemical cues: ultra

sounds provide immediate, ‘‘acute’’ information during close 

encounters, whereas scents serve as persistent, ‘‘chronic’’ terri

torial markers. Adapted to reduce water loss in their arid environ

ment,30 striped mice may rely less on urine-based chemical 

signaling compared with species in wetter habitats, enhancing 

the role of vocalizations.

Analysis of vocal activity showed context-specific call usage: 

diverse call types dominate at nests and within-territory bushes, 

while down calls prevail at borders, hinting at specialized inter- 

group signaling. Neural network classification of call spectro

grams identified group vocal signatures, with 75% accuracy in 

distinguishing family groups. Mainly encoded in frequency mod

ulation, this information enables mice to distinguish familiar indi

viduals from strangers. Playback experiments reinforced this: 

stranger calls triggered strong aversive responses (e.g., retreat 

and vigilance), neighbor calls prompted milder vigilance, and 

striped mice kept on basking when hearing group calls.

Our study has several limitations that highlight directions for 

future research. First, our passive recording methodology pre

vented the identification of individual callers, so we could not 

assess the reliability of group vocal signatures in border-associ

ated calls. However, given that these are predominantly highly 

frequency-modulated down calls, they likely carry distinct 

acoustic signatures relevant for inter-group encounters at terri

torial boundaries. A second limitation is that the stimuli repre

senting unfamiliar individuals were recorded in captivity. 

Although we found no distinguishing acoustic characteristics in 

these signals, we cannot rule out that they differ from other stim

uli in arousal level. We consider this unlikely, however, as the 

captive mice showed no overt signs of stress during recording. 

Additionally, while our experiments demonstrate a response to 

vocal signals alone, other cues such as odor or the physical pres

ence of a conspecific would likely modulate this response. 

Finally, future research would benefit from testing a larger set 

of experimental groups to provide a more comprehensive under

standing of the observed effects.

The emergence of group information in vocalization likely 

stems from an interplay between genetics31 and learning.32–34

On one hand, family groups, comprising related females and 

their offspring,35 share genetic proximity that may shape vocal 

tract anatomy, producing similar call traits. Concurrently, daily 

interactions at the nest—a communication ‘‘hotspot’’—could 

drive vocal convergence through learning (e.g., vocal imitation), 

as observed in other rodents like Mongolian gerbils.36

Typically, ‘‘public’’ communication is linked to long-range sig

nals (e.g., loud bird songs), while ‘‘private’’ exchanges rely on 

short-range cues to avoid eavesdroppers.2 Although our find

ings do not challenge this fundamental distinction, they reveal 

how striped mice strategically extend the functional range of 

short-range ultrasonic signals. By vocalizing from key locations 

at the boundaries of their territory, the mice effectively broaden 

the reach of their signals to neighboring individuals. This strategy 

compensates for the limited active range of their signals and ex

tends the sender’s communication network by increasing the 

number and quality of potential receivers of its vocalizations. 

This emphasizes that the scale of a communication system de

pends not only on signal properties but also on behavioral adap

tations. In environments where long-range signaling is imprac

tical, such strategies offer an effective alternative.
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STAR★METHODS

KEY RESOURCES TABLE

EXPERIMENTAL MODEL AND SUBJECT DETAILS

African striped mice

The study was conducted at the Succulent Karoo Research Station within the Goegap Nature Reserve, South Africa (www. 

stripedmouse.com). The 1.3 ha field site featured a dry riverbed and bushes on sandy soil. The striped mouse (Rhabdomys pumilio), 

a diurnal rodent native to western South Africa,39 lives in social groups comprising 2-4 communally breeding females, one immigrant 

breeding male, and up to 30 adult offspring of both sexes acting as helpers. Groups share a nest and territory but forage solitarily.18

Ethical statement

All experiments were approved by the Animals Research Ethics Committee of University of Witwatersrand in Johannesburg, under 

the clearance certificate number 2022/10/01/B.

METHOD DETAILS

Equipment calibration

To ensure playback stimuli were broadcast at a natural amplitude, we calibrated our acoustic equipment (Avisoft Vifa Speaker, 

CM16/CMPA microphones) using a record/playback/re-record method. First, we established a reference sound level by recording 

ultrasonic calls from three mice positioned 90 cm from a directional microphone. These reference recordings, termed "calibration 

vocalizations", were then normalized and broadcast from the speaker. The output was re-recorded using the same microphone 

at the identical 90 cm distance. Finally, we adjusted the speaker’s output gain until the amplitude of the re-recorded playbacks pre

cisely matched that of the original vocalizations.

REAGENT or RESOURCE SOURCE IDENTIFIER

Deposited data

Behavioral data This paper https://zenodo.org/records/15475434

Vocal data This paper https://zenodo.org/records/15475434

Experimental models: Organisms/strains

African striped mice (Rhabdomys pumilio) Wild animals N/A

Software and algorithms

R 4.4.2 R Foudation https://www.r-project.org/

Python 3.9 Python Software Foundation https://www.python.org/

Deepsqueak v3 Coffey et al.37 https://github.com/DrCoffey/DeepSqueak

Ultrasonic audio recording software 

Avisoft-RECORDER

Avisoft Bioacoustics https://avisoft.com/

Audiomoth applications Open Acoustics Device https://www.openacousticdevices.info/ 

applications

Audacity Audacity https://www.audacityteSam.org/

BORIS v8.10 Friard and Gamba38 https://www.boris.unito.it/

Other

Ultrasonic microphone Avisoft Bioacoustics CM16/CMPA

Ultrasonic recording sound card Avisoft Bioacoustics UltraSoundGate 416H

Ultrasonic speaker Avisoft Bioacoustics Vifa speaker

Ultrasonic player sound card Avisoft Bioacoustics UltraSoundGate Player 216H

Video camera GoPro Hero 3

Audiomoths recorders Open Acoustics Device Version 1.1.0 with firmware 1.7.0

Radio collars Holohil MD-2C or PD-2C

GPS Garmin eTrex Venture

Sherman traps H.B. Sherman Traps, Inc. PLFATDG
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Propagation experiments

White noise playback signals were broadcast at distances of 5, 10, 25, 50, 100, 150, and 200 cm using calibrated equipment (sample 

rate = 300 kHz, 32-bit) to study sound propagation (Figure S1). White noise was broadcast at an amplitude calibrated to match the 

natural sound pressure of mouse vocalizations. Specifically, the output was adjusted so that the energy within the 56-58 kHz fre

quency band matched that of our previously established calibration.

Group monitoring

Data on group composition and territories were collected using a combination of capture–mark–recapture methods, radiotracking, 

and behavioral observations. Mice were captured using Sherman traps (26 × 9 × 9 cm) baited with bran flakes, sunflower oil, and salt 

(total of 56 mice captured; 16, 23, 8 and 9 individuals from nests A, B, C and D, respectively). Traps were set before sunrise near 

potential sleeping sites identified through morning and evening observations. Each captured individual was fitted with a unique 

ear tag (National Band and Tag Co., Newport, KY, U.S.A.). Morning trapping sessions provided an initial assessment of group compo

sition, as mice were typically caught immediately after leaving their nests. To obtain detailed spatial structure data, two mice per po

tential group were equipped with radio collars (Holohil MD-2C or PD-2C). These individuals were tracked five times per week at night 

to locate their nests. Once sleeping sites (nest bushes) were identified, targeted morning trapping and behavioral observations at 

these locations confirmed which individuals co-slept with radio-collared mice, thereby verifying group membership. Group members 

were then marked with nest-specific hair dye for identification. Traps were also placed around multiple bushes throughout the study 

area to distinguish bushes used exclusively by mice from the same nest (‘‘within-territory’’ bushes) from those at territory boundaries, 

characterized by the presence of mice from different groups. These combined approaches enabled definitive categorization of 

bushes into three types: nest, within-territory, and border bush. There was no systematic difference in size or plant composition 

among bushes. To map home ranges of the radio-collared striped mice, they were tracked six times daily over a seven-day period 

(from 9:00 to 18:00, plus one session at 20:30). GPS coordinates (Garmin eTrex Venture, ±5 m accuracy) were recorded and used to 

calculate home ranges using the convex hull method. Group sizes ranged from 8 to 23 individuals. Territories for each group were 

delineated by integrating home range data from radio-collared individuals with data from individuals captured near various bushes.

Monitoring of vocal repertoires

We deployed 23 AudioMoth recorders (sampling frequency of 256 kHz, 32-bit) for 12 days across four mouse territories (Figure 1A). In 

each territory, three recorders were placed at the nest bush (one at the center, the two at the edges), with the remaining recorders 

positioned at within-territory bushes (four recorders) or border bushes between territories (seven recorders; see Table S1 and 

Figure 1A for details of the sampling plan). Recorders were positioned 5 cm above ground, 50 cm from bushes. Batteries and SD 

cards were replaced every two days.

Extraction and classification of vocalizations

Two pre-trained Deepsqueak37 neural networks (Rat Detector YOLO R1 and Mouse Detector YOLO R2) were used to detect and 

classify vocalizations, with threshold set for Score (0.6) and Tonality (0.3), determined to be optimal for achieving a high detection 

rate with minimal false negatives. However, these less restrictive thresholds resulted in a significant number of false positives 

(precision of 49.63%), stemming primarily from two sources. The first source of false positives was electronic noise, present in 15 

of the 23 recorders, which sometimes accounted for over 90% of false positives in a recording but was easily identifiable manually 

using spectrograms. The second source of false positives originated from vocalizations of other animal species, particularly the har

monics of whistling rats (Parotomys brantsii). To eliminate these false positives, we conducted both visual (spectrogram inspection) 

and auditory verification of all recordings. This process reduced the dataset from 247,089 vocalizations to a curated sample of 

122,619 confirmed true positives (striped mouse vocalizations). To evaluate DeepSqueak’s detection performance after manual 

cleaning, we selected a 5-minute segment for each recorder, randomly choosing a day and time. Segments were required to contain 

at least 40 vocalizations, yielding a total of 2,123 vocalizations. We then calculated the precision (99.58% after the manual cleaning), 

Recall (83.79%), and F1-score (91.00%) for the entire process (Deepsqueak model + manual cleaning). Additionally, each of the 

2,123 vocalizations was manually annotated by call type and compared with DeepSqueak’s unsupervised classification output.22

The model demonstrated robust performance in accurately classifying call types within this subset, achieving an accuracy 

of 88.74%.

Group-specific vocal information recording and analysis

High-quality recordings (Avisoft Bioacoustics CM16/CMPA microphone, 300 kHz, 32-bit) were made during one-hour morning ses

sions at three nests (6 sessions from nest A, 5 from nest B, 5 from nest C), targeting marked individuals (total of 24 mice: 10 from nest 

A, 9 from nest B, and 5 from nest C).

Playback experiments

Playback stimuli were derived from ultrasonic vocalizations recorded in field and laboratory settings using AudioMoth recorders 

(firmware 1.7.0, 250 kHz, 32-bit,.wav). Field recordings were obtained during morning basking sessions, capturing one-minute se

quences from identified individuals. These recordings served as the ‘‘groupmate’’ condition for the source group and the ‘‘neighbor’’ 

condition for adjacent groups. Laboratory recordings served as the ‘‘stranger’’ condition. They were obtained from individuals left 
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alone in their usual cages, with all their enrichment, and placed in an acoustic chamber that was also familiar to the animals. Labo

ratory-recorded matched field recordings in quality, with identical signal-to-noise ratio and call types. The control stimulus consisted 

of one-minute sequences of noise bursts (40-80 kHz, matching the frequency range of mouse vocalizations), with durations of noise 

bursts and intervening silences matched to the average duration of natural vocalizations and silences. These noise sequences were 

generated using the seewave R package. All stimuli were processed with noise reduction and a 40-80 kHz bandpass filter, with ampli

tude normalized to the natural intensity established during equipment calibration.

Playback experiments were conducted during morning basking sessions at nests A, B, and C. Each session lasted approximately 

one hour, timed to coincide with the mice’s natural morning basking behavior. Sessions began when the first mouse emerged from 

the nest bush as sunlight reached it, and ended when the last mouse left to forage. Equipment was installed the previous night and 

experimenters positioned 5 meters away. An Avisoft Vifa speaker broadcast stimuli -control, groupmate, neighbor, or stranger- from 

1 meter away, aligned with the nest to mimic a natural mouse position. Playback trials were initiated when a focal mouse remained <1 

meter from the speaker, aligned with it, for >1 minute. To ensure ecological validity during groupmate playbacks, trials only began if 

the original caller was absent, thereby preventing an individual from hearing its own broadcasted vocalizations. These stringent 

criteria resulted in days with no playback events (‘‘mock’’ experiments), which minimized potential habituation to the experimental 

setup. Behavioral responses were recorded using two GoPro Hero Session cameras: one at ground level 1m from the nest and 

one mounted on a metal stick (see Video S1). Vocal responses were captured with an Avisoft CM16/CMPA microphone placed 

1 m from the bush, and two AudioMoth recorders (firmware 1.7.0, 256 kHz, 32-bit) served as backups, positioned near the speaker 

and ground camera.

To reduced disturbance, experiments were capped at six per day (average: two, range 0-6), with a minimum of three-minute in

terval between trials (average: six minutes, range 3-19 minutes). Only one group was tested per day, never on consecutive days. 

Stimuli were never repeated consecutively, and efforts were made to avoid testing the same mouse twice with the same sequence, 

though two individuals were retested due to technical issues. Across the three nests, control stimulus was presented 2 times, group

mate 6 times, neighbor 4-6 times, and stranger 6 times, totaling 57 experiments over five weeks. Twenty-three unique individuals 

were tested (nest A: 9, nest B: 9, nest C: 5). Each playback session started with 100 ms of white noise broadcast to synchronize re

cordings (Avisoft, AudioMoth, videos).

QUANTIFICATION AND STATISTICAL ANALYSIS

Propagation experiments

To estimate the sound intensity (dB SPL) of the playback signals, we applied a calibration procedure based on a known reference 

measurement. A spherical attenuation model was first implemented to account for both geometric spreading and excess attenuation 

of high frequencies.6 Specifically, the attenuation was modeled as a function of distance, incorporating a frequency-dependent 

excess attenuation coefficient (α = 2.0 dB/m for 60 kHz40). A known sound source level of 44 dB SPL measured with high-precision 

in a laboratory setting (Thieffry et al., personal communication) served as the reference point. Using this reference, we computed the 

expected absolute sound levels at other distances based on the spherical model. To calibrate our experimental recordings, we 

measured the playback signals level dB FS (full-scale) level at each distance, between 56 and 58 kHz (mean range of striped 

mice USV recorded in Goegap). We also measured background noise level in the same frequency band, and corrected the level 

of the recorded signal with this value. We then used the model-predicted SPL at 5 cm to map the corresponding dB FS value to 

an absolute dB SPL level. The resulting values allowed for the generation of a calibrated attenuation curve, enabling comparison be

tween theoretical predictions and empirical data.

Monitoring of vocal repertoires

Vocalizations recorded by the AudioMoth recorders deployed across mouse territories were extracted using DeepSqueak37

(MATLAB 2023a) with pre-trained neural networks (Rat Detector YOLO R1, Mouse Detector YOLO R2). False positives were sup

pressed (tonality and network score thresholds: 0.25, 0.55), followed by supervised classification22 and manual review, yielding 

122,619 validated calls. To test whether mice varied their vocalization usage across different locations (nest bush, territory bush, 

border bush), we fitted a Dirichlet model with the daily proportion of call types as the response variable: proportion of vocalizations 

∼ site + (1|day).

Group-specific vocal information recording and analysis

Ultrasonic vocalizations recorded from 24 target individuals were extracted using Deepsqueak followed by manual review to ensure 

accuracy. This process generated a database of 18,210 high-quality calls: 6,256 from nest A (four sessions), 8 210 from nest B (six 

sessions) and 3 744 for nest C (five sessions). Spectrograms were computed as N×151 pixels images, with N varying by call duration, 

isolated with 20 ms buffers before and after each vocalization. Pixel values were rescaled from 0 (quietest) to 255 (loudest), and black 

ribbons were added to standardize images to 150×151 pixels. To test whether vocalizations carry group-specific information, spec

trograms were classified using a pre-trained Resnet-18 Convolutional Neural Network (CNN) in Python 3.9.0 with PyTorch 2.2.0. Da

tasets were subset and balanced to 3,744 images per class, split into 70% training, 20% validation and 10% test sets. Training ran for 

10 epochs (batch size: 32, learning rate: 0.001) on a NVIDIA Quadro P620 GPU, and was repeated 100 times with random subset at 

each iteration. Features were visualized with UMAP (using uwot v0.2.2 R package) and activation maps (using cv2 v4.8.1). To verify 

ll

Current Biology 35, 4837–4844.e1–e4, October 6, 2025 e3 

Report 



that classification depended on vocalization shapes rather than background noise, we analyzed 6,000 random 65 ms noise samples 

per nest. The model failed to classify these noise samples above chance (mean accuracy: 33.73%), confirming the approach.

Playback experiments

Videos were analyzed using BORIS v8.10 to measure time spent in specific behaviors (basking, exploration, vigilance) during the min

ute before and during playback. Audio and video recordings were synchronized using Audacity (v3.3.2) with the ffmpeg library and 

VLC media player (v3.0.17.4).

We assessed the following responses:

- Behavioral response: A hurdle-gaussian model assessed variation in time spent on behaviors (basking, exploration, vigilance) 

across playback types (control, groupmate, neighbor, stranger) (Difference in behavior duration ∼ behavior * playback type + (1| 

identity); Figure 4C; Table S3).

- Vocal response: A binomial model evaluated whether vocalizations increased by >10% during playback (increase ∼ playback 

type + (1|identity); Figure 4C; Table S3).

- Vocalization type by behavior: A categorical model was used to generate probabilistic predictions of call types for each ex

hibited behavior (call type ∼ behavior + (1|identity) Figure 4D; Table S2).

All statistical analyses were performed in R v4.3.1 using Bayesian mixed models (brms package v2.19.041) with default priors. Re

sults were interpreted using medians and 95% credible intervals (CIs).
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