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ABSTRACT

The evolution of human language remains a puzzle, with comparative approaches focusing on vocalizations, gestures, bimodal
combinations, and, most recently, social interaction and turn-taking. The latter is characterized by cooperative, reciprocal
exchanges of alternating short bursts of information among interactants. Some hallmarks of human conversational turn-taking
have been found in other primate species, suggesting a possible specialization of great apes in gestural rather than vocal turn-
taking. However, relatively little is known about the vocal turn-taking abilities of great apes. Here, we conducted a systematic,
quantitative study on vocal exchanges of adult male chimpanzees (Pan troglodytes) living in a habituated community in the
Loango National Park, Gabon. We focused on pant-hoots, the typical long-distance calls of chimpanzees, which have been
argued to function in some contexts as question-and-answer-like exchanges, referred to as “inquiring pant-hoots” (IPHs), a term
coined by Goodall (1986). We collected a comprehensive data set over a period of 16 months (January-May 2019; November
2019-November 2020) resulting in a total of 1747 pant-hoots of ten adult males. We analyzed the data with a special focus on
general pant-hoot patterns, criteria for IPHs, social factors, and temporal organization. Overall, general calling frequency was
highest in males with high social ranks, in larger parties, and during periods of increased fission and fusion. Twenty percent of
calls qualified as IPHs and were positively correlated with smaller party size, higher fission-fusion rates, and the absence of
close social partners. Temporal patterns were influenced by social bond strength, the presence of drumming, and an avoidance
of overlap. Our findings add to the growing evidence of complex vocal turn-taking abilities in nonhuman primates, contra-
dicting the notion of a specialization in gestural rather than vocal turn-taking for chimpanzees and possibly other great apes.
They also emphasize the role of long-distance vocalizations for species in fission-fusion societies and visually dense
environments.

1 Introduction
| research focused on bird song (Aamodt et al. 2020) and vocal-

Understanding the evolution of language requires exploring the izations of nonhuman primates (hereafter, primates), specifi-

similarities and differences between human and nonhuman
communication systems (Arbib et al. 2008; Liebal et al. 2013;
Partan and Marler 1999; Seyfarth and Cheney 2003). Compar-
ative studies offer key insights into this process, helping to
uncover the evolutionary roots of language (Fitch 2010). Most

cally loud calls (White et al. 2015). Overall, previous studies
showed that loud calls are predominantly used in long-distance
communication, and are the most distinctive vocalizations
across species (Mitani and Stuht 1998; Kitchen et al. 2003). They
serve several different functions, including mitigating predation
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Summary

« Chimpanzees produce “Inquiring Pant-Hoots” (IPHs)
more frequently in social contexts associated with
small parties and high fission—fusion rates, consistent
with a role in group coordination.

IPHs are characterized by distinct behaviors indicat-
ing active listening and waiting for responses, akin to
vocal turn-taking interactions observed in other pri-
mate species.

The dynamics behind this long-distance communi-
cation system coordinating traveling parties and in-
dividuals are affected by a range of social factors such
as rank, social bonds, party composition, and fission—
fusion rates.

risk (Cédsar and Zuberbiihler 2012), competing with other in-
dividuals or groups (Wich and Nunn 2002), as well as cooper-
ative ones such as maintaining group cohesion (Teixeira da
Cunha and Byrne 2009) and forming and nurturing social bonds
(Searcy and Andersson 1986).

Two key hypotheses about vocal communication complexity
have recently gained research attention. The first, the “social
complexity hypothesis,” suggests that social complexity drives
vocal complexity, especially in primates (Freeberg et al. 2012;
Seyfarth et al. 2005). However, researchers are challenged with
defining and measuring “complexity” for both social and com-
municative aspects. Furthermore, limitations also stem from a
research bias toward emitter-centered data collection, while
communicating and socializing are inherently acts of interac-
tion (Levinson and Enfield 2006). The second hypothesis, the
“Interaction-engine hypothesis,” suggests that human complex
communication arose from a unique capacity for social inter-
action. This entails characteristics like face-to-face engagement,
mutual gaze, and cooperative turn-taking. The conversational
turn-taking system underlying language involves reciprocal,
alternating bursts of information and adheres to universal
properties (Sacks et al. 1974), with minimal overlap and stable
turn gaps across languages (Stivers et al. 2009). This infra-
structure has recently gained considerable research attention by
comparative researchers, as some primates seem to exhibit
features akin to human conversational turn-taking (Abreu and
Pika 2022; Takahashi et al. 2013; Frohlich et al. 2016; Pika
et al. 2018). Levinson (2016) also suggested that great apes may
have specialized in gestural rather than vocal turn-taking, of-
fering a perspective that reconciles the “gesture-first hypothe-
sis” with the co-evolution of gesture and speech (Levinson and
Holler 2014).

Recent studies have highlighted parallels between human social
actions during conversations and nonhuman great ape gestural
turn-taking (Pan troglodytes and Pan paniscus: Frohlich
et al. 2016; Kolff and Pika 2025; Rossano 2013; Pongo abelii,
Rossano and Liebal 2014). However, research on great apes’
vocal turn-taking remains somewhat inconsistent (Cornec
et al. 2022; Levréro et al. 2019; Schamberg et al. 2016;
Arcadi 2000; Luef et al. 2016; Lemasson et al. 2018; Pougnault
et al. 2020). For instance, Schamberg and colleagues (2016)
showed that bonobos at the LuiKotale field site, DRC, used

call-and-answer exchanges to coordinate reunions and may be
able to modify the acoustic structure of call combinations to
mark response calls. In contrast, Arcadi (2000) found that adult
chimpanzee males of the Kanyawara community, Kibale
National Park, Uganda did not respond to the majority of calls
heard. He concluded that chimpanzees' vocal interactions lack
rudimentary features of human conversational turn-taking.
Discrepancies across studies may result from methodological
differences, such as definitions, observation periods, and
vocalization type selection, impeding comparative analysis
(Pika et al. 2018).

To gain a more comprehensive understanding of vocal turn-
taking skills of great apes and to add to the current debate, we
studied vocal interactions of central chimpanzees (Pan trog-
lodytes troglodytes) living in a habituated community in the
Loango National Park in Gabon. We specifically focused on
their species-typical long-distance vocalization—the pant-
hoot (Goodall 1986)—which can be heard over distances of
up to onekm depending on habitat (Reynolds and
Reynolds 1965). Pant-hoot production is often accompanied
by drumming, which involves pounding one or both hands
and/or feet against various substrates, including tree but-
tresses, resulting in low-frequency sounds that travel further
than pant-hoots alone (Babiszewska et al. 2015). Several
functions for pant-hoots have been proposed, ranging from
attracting others to food sources (Reynolds and
Reynolds 1965), conveying the caller's identity and social
status (Clark and Wrangham 1994; Mitani and Nishida 1993),
territory defense (Mitani and Rodman 1979), and maintain-
ing cohesion among dispersed group members (Boesch 1991;
Eckhardt et al. 2015). Studies have also shown significant
variation in the acoustic structure of pant-hoots both within
(Brima et al. 2023; Desai et al. 2022) and between populations
(Crockford et al. 2004; Mitani et al. 1992). Whether group
“dialects” exist remains, however, an open question (Desai
et al. 2022; Mitani et al. 1999). Additionally, demographic and
social factors have been found to influence pant-hoot
dynamics (Fedurek et al. 2014; Mitani and Nishida 1993;
Uhlenbroek 1995). More relevant for the present study,
Goodall (1986) noted that Eastern chimpanzees (Pan troglo-
dytes schweinfurthii) at Gombe, Tanzania, use different pant-
hoot types (see also: Clark and Wrangham 1993; Reynolds
and Reynolds 1965), including the “Inquiring Pant-Hoot”
(IPH). She suggested that this call type may initiate call-and-
answer exchanges between two or more out-of-sight in-
dividuals (Figure 1) and involves six shared characteristics
(see Section 2) (Goodall 1986).

The present study revisited Goodall's (1986) hypothesis that
chimpanzees use pant-hoots when traveling to coordinate
movement, fusion, and inquire about nearby group members.
To do so, we analyzed pant-hoot patterns of ten adult males,
with a special focus on call context, caller identity, party size
and composition, and fission-fusion dynamics. Furthermore,
we examined whether travel-associated pant-hoots met Good-
all's criteria and how factors such as age, rank, social bonds, and
drumming presence influenced call production and intervals.
Lastly, we explored the time windows between repeated pant-
hoots of a caller receiving no response to understand which
durations chimpanzees perceive as indicating “no one around”
versus “no one answering.”
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FIGURE 1 | The figure shows a spectrogram of an exemplary IPH and subsequent response between two adult male chimpanzees, Chenge and

Arnold, as a function of amplitude and time (in s).

2 | Methods
21 | Ethics Statement

The study was purely observational and noninvasive and
adhered to national and institutional animal care guide-
lines. In accordance with the German Animal Welfare Act
(1998), the study was classified as nonanimal research and
did not require ethical approval. Observers followed strict
hygiene protocols, including a five day quarantine, manda-
tory face masks, and a minimum distance of eight ms to the
chimpanzees to reduce disease transmission and distur-
bance. Our research complied with the legal requirements of
Gabon, following the recommendations of the “Animals
(Scientific Procedures) Act 1986” and the principles of
“Ethical Treatment of Non-Human Primates,” as stated by
the American Society of Primatologists, the Agence Natio-
nale des Parcs Nationaux (ANPN), and the Centre National
de la Recherche Scientifique et Technique of Gabon
(CENAREST). Permission and permits to conduct research
in the Loango National Park were obtained from the ANPN
and the CENAREST in Gabon.

2.2 | Study Site and Subjects

Behavioral data were collected of central chimpanzees living in
the Rekambo community, Loango National Park, Gabon (1°51’
S and 9°15” E). This National Park comprises a mosaic of dif-
ferent habitat types, including coastal forests and savannahs,
multiple lowland swamps fed by a lagoon, and heterogeneous
tropical rainforest throughout. The community consisted of
about 45 individuals, including infants, juveniles, subadult, and
adult individuals, at the start of the data collection period in
January 2019. We specifically focused on the behavior and pant-
hoot production of adult males because of their habituation
levels to human researchers and their greater gregariousness
and pant-hoot output. These are leading to more frequent
involvement in fission-fusion decisions compared with other
sex and age classes (Mitani 2009). Following the classification of
Goodall (1986), males were defined as “adults” when their es-
timated age was > 15 years old. The mean age across the sub-
jects was 21.8 (+ SD = 3.45) years. Age, rank, observation hours,
and call counts are listed in the Supporting Information S1:
Table S1.
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2.3 | Data Collection

L. M. S. collected a comprehensive behavioral data set on ten adult
males over a nonconsecutive time period of 16 months
(January—-May 2019 and November 2019-November 2020). During
an initial three-month pilot period, L. M. S. trained to reliably dis-
tinguish between the individual pant-hoots of the males (see Sup-
porting Information S1: Identity recognition). Focal individuals
were followed daily from early morning to evening, resulting in a
total of 301 observation days and a mean of 210.1 observation hours
(£ 74.5) per focal subject. Applying instantaneous scan sampling at
10-min intervals (Altmann 1974), she recorded the proximity
between the focal subject and other individuals (1 m, 5m, 10m -
total N=3476 scans) and updated the identities of party
members—defined here as all individuals within visual range of the
focal subject. Behavioral data were entered on a smartphone using
Cybertracker (Version 3.51) based on a standardized ethogram for
chimpanzee behavior. Pant-hoot recordings were collected oppor-
tunistically within approximately 30 m of the initial caller using a
Sennheiser directional microphone (ME66/K6) and an audio
recorder (Zoom H4n; 44.1 kHz, 16-bit). Caller identity was visually
confirmed in the field and verified through a structured training
and reliability testing procedure (Cohen's k¥ =0.95; see Supporting
Information S1: Methods).

2.4 | IPH Criteria

We used and adapted the criteria outlined by Goodall (1986) for
identifying IPHs as follows: (1) Travel Context: The pant-hoot oc-
curred during travel (excluding movement within a feeding site or
during patrols/intergroup encounters). (2) Waiting and Scanning:
The call was accompanied by one or several brief pauses during
travel to scan the environment or listen in a particular direction. To
ensure that these behaviors reflected deliberate actions rather than
incidental glances, calls met this criterion only if at least one
instance of waiting, scanning, or listening lasted at least 3s. (3)
Fusion: The caller and responder were in the same party compo-
sition within 30 min of the call, defined as having moved into the
same party. (4) Drumming: The pant-hoot was accompanied by
buttress drumming (yes/no). To classify a pant-hoot as an IPH, it
had to meet criteria 1 and 2 (travel context and waiting/scanning
behavior). The additional features—including fusion within
30 min, drumming, and receiving a vocal response—were recorded
for each event but were not required for classification as an IPH.
Two additional behaviors noted by Goodall—calling from high
ridges and a pitch rise at the call's end—were not collected,
respectively analyzed. The former could not be investigated due to
the flat terrain of the Rekambo territory, and the latter will be
addressed in future acoustic analyses. After each pant-hoot
recording, we also noted any responses and estimated the dis-
tance between the caller and the responder (Supporting Informa-
tion S1: Identity recognition and Speed of sound adjustment).

2.5 | Age, Rank, Social Bond Strength,
Fission-Fusion Rates

We estimated the age of the males using camera trap data from
2006 to 2020 and prior estimates (Estienne et al. 2019). Birthdates
were established as the first sighting date minus the initial age
estimate. For individuals born after 2000, age estimates are

generally accurate to within six months to one year, while in-
dividuals born prior may have broader estimates ranging from one
to four years. We calculated dominance ranks using interaction
matrices based on pant grunts (Goodall 1986) and observed
aggression outcomes (Altmann 1974). These matrices were ana-
lyzed in MatMan, where we assessed the linearity of the hierarchy
using the h’ index (de Vries et al. 1993). Rank positions (scored
1-10) were determined separately for the two data collection
periods. Additionally, we calculated the steepness of the hierarchy
using the steepness function in R (de Vries et al. 2006), with values
ranging from O (egalitarian) to 1 (despotic). We measured the
strength of social bonds using the Dyadic Composite Sociality
Index (DSI) across all dyads (Silk et al. 2003), based on rates of
grooming and spatial proximity. The DSI score was determined
through the following equation, where G(A + B) and P(A + B)
represent the rates of grooming and proximity between partners A
and B, and G(A), G(B), P(A), and P(B) denote each individual's
mean rate with all other partners (see Supporting Information S1:
Dyadic Composite Sociality Index):

DSI = {(GA+B/(GA+B + Gy + Gp) + (Payp/(Pasp + Py + PB)}
2

We calculated fission—fusion rates by analyzing ten-min scan sam-
ples across each focal observation. For each focal day, we recorded
the number of entry or exit events—defined as individuals joining
or leaving the focal's party—and divided this by the total number of
observation hours to yield a standardized rate (events per hour).

2.6 | Statistical Analyses

We used generalized linear mixed models (GLMMs) to examine
pant-hoot patterns, the impact of IPHs, and the influence of
demographic and social factors. Analyses were conducted in R
(version 3.9.1; R Core Team 2022) with the glmer function from
the Ime4 package (Bates et al. 2015). Model significance was
evaluated by comparing each model with a null model lacking
test predictors using Likelihood Ratio Tests (LRT) via the AN-
OVA function (Dobson and Barnett 2018). We assessed multi-
collinearity using the Variance Inflation Factor (VIF) from the
car package, confirming that all values were below 2.3, thus
indicating no collinearity issues (Fox and Weisberg 2011).

2.7 | Model 1a

For this model, we included all pant-hoots produced in the tra-
veling context (regardless of subtype) to assess how social and
contextual factors broadly influence call production during travel.
We used a GLMM with a Poisson error distribution and a log link
function to evaluate pant-hoot call rates per focal day. We modeled
call counts per focal and included a log-transformed offset for total
observation time to account for variation in observational effort.
We specified age, social rank, party size, fission—fusion rate, and the
presence of a preferred association partner as fixed effects. The
presence of a preferred partner was coded as a binary variable
(“Yes”/“No”), with “Yes” assigned when the partner was present
during more than 50% of the 10-min scan samples within a
focal day. To test for differential effects across call types, we
included interaction terms between pant-hoot type (inquiring vs.
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general) and each of the following: party size, fission—fusion rate,
and preferred partner presence. To account for repeated observa-
tions, we added a random intercept for individual identity.

2.8 | Model 1b

We used a GLMM with a binomial error structure and a logit
link function to examine the likelihood of receiving a vocal
response following an IPH. We coded the binary response
variable as 1 if the call was followed by a response and 0 if not,
based on a sample of 352 calls (260 responses). We specified
social rank, caller age, and social bond strength between the
caller and potential responder as fixed effects. To account for
repeated measures, we added random intercepts for caller
identity and, where applicable, recipient identity.

2.9 | Model 2

We used a GLMM with a Gaussian error structure to analyze
intercall intervals and assess the influence of social and acoustic
factors on response timings. We measured the onset and offset
of all pant-hoots and their responses. Intercall intervals were
calculated as the time from the offset of the initial call to the
onset of the response; negative values indicate cases where the
response began before the initial call had ended. Fixed effects
included social bond strength, drumming presence, caller age,
and responder age. To account for repeated observations within
pairs, we included a random intercept for dyadic ID, defined as
a directional combination of caller and responder (e.g., AB =
BA). This approach allowed us to control for individual- and
pair-level variation in response timing without overfitting.

To further examine timing differences in vocal exchanges,
we conducted a Kolmogorov-Smirnov (K-S) test to compare
the distribution of intercall times—measuring the delay
between a call and its response—to the distribution of wait
times, which reflect how long a chimpanzee waits before
producing a second IPH (Eckhardt et al. 2015).

Effect sizes for key predictors and their 95% confidence intervals
were reported to provide context on the magnitude and preci-
sion of observed effects.

3 | Results
3.1 | Dominance Rank and Party Size

The dominance hierarchy among the adult males of the Re-
kambo community was highly linear and remained stable
across both data collection periods. We tested the linearity of
the male rank order using the h’ index in MatMan 1.1 (de Vries
et al. 1993), which yielded y2,=447.89, p <0.0001, h’' =0.97,
K=0.97. Rank order did not vary between study periods one
and two. We assessed the steepness of the hierarchy by calcu-
lating the slope of the best-fit line of normalized David's scores
(NormDs), resulting in a steepness of 0.93 in period one and
0.90 in period two (de Vries et al. 2006). The average male party
size per focal day was 4.2 individuals (+ 3.1 SD).

3.2 | General Pant-Hoot Rates

We recorded a total of 1747 pant-hoot calls. On average, males
produced 1.21 pant-hoots per hour, and 36% of these (N=629)
included drumming. Pant-hoots were produced across four differ-
ent contexts, most frequently during travel (45%; N=789) and
feeding (29%; N =509), followed by resting (18%; N =315) and
during displays (7.5%; N = 132). Based on our criteria, a total of 352
calls qualified as IPH calls because they were accompanied by
waiting and/or scanning the area (N=352; 100%), drumming
(N=250; 71%), receiving a vocal response (N =267; 75%), and
resulted in a fusion event (N = 238; 67%). The investigated criteria
differed in their combinations, with the combination involving all
criteria (Drum-Wait/scan-Response-Fusion) being the most fre-
quent (N =153, mean: 15/male), while the reduced combination
(Scan/Wait-Response) was rarely observed (N=6; mean: 0.6/
males; see Figure 2). Most IPH calls were accompanied by drum-
ming (71%; N =250) while only 24% involved drumming when

25
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FIGURE 2 | The figure depicts total frequencies of IPH calls made in the traveling context as a function of all tested IPH criteria and caller ID.

Dotted lines show the average number of calls observed across each category (see legend). Focal males are shown via their three-digit abbreviations
and in relation to their rank (from highest to lowest from left to right) on the x-axis.
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produced as aresponse call (N=64). After an IPH, interactants
joined each other (N =238) on average 5.16 min (+ 8.54) later.

3.3 | Model 1a: Pant-Hoot Type (IPH and Non-
IPH) Rates and Role of Social Factors

We found that the full model differed significantly from the
null model (LRT: y2=35.3, df=5, p<0.001). Social rank
predicted pant-hoot call rates, with higher-ranking males
producing more pant-hoots (8=0.56, SE=0.17, 95% CI
[0.23, 0.89], ¥2(1) = 10.83, p = 0.001, Supporting Information
S1: Table S2). In contrast, there was no evidence for an
interaction between social rank and call type (8= —0.08,
SE=0.14, 95% CI [-0.35, 0.19], ¥2(1)=0.33, p=0.57). We
identified three key interactions involving pant-hoot type.
IPHs were produced more frequently in smaller parties
(B=-0.45, SE=0.14, 95% CI [-0.72, -0.18], ¥2(1) = 9.00,
p=0.002) and during periods of high fission-fusion
(8=0.42, SE=0.13, 95% CI [0.17, 0.67], x2(1)=6.64,
p=0.010). Finally, the presence of a preferred association
partner differentially affected pant-hoot production: IPHs
were more common when the preferred partner was absent
(8=-0.58, SE=0.19, 95% CI [-0.95, -0.21], x2(1) =8.50,
p =0.003), whereas the presence of the partner did not affect
the production of general pant-hoots (8=0.16, SE =0.21,
95% CI [-0.25, 0.57], x2(1) = 0.60, p = 0.440) (Figure 3).

3.4 | Model 1b: Likelihood of Response

The full model differed significantly from the null model (LRT:
X2=15.6, df=3, p=0.001). Social rank had a strong positive
effect on the probability of receiving a response (5=1.10,
SE=0.35, ¥2=9.90, p=0.002), and social bond strength
(dyadic) showed a modest effect (8 =0.85, SE =0.40, y2 =4.51,
df=1, p=0.034), while caller age did not predict the likelihood
of receiving a response (8=0.30, SE=0.28, y2=1.15, df=1,
p =0.28, Supporting Information S1: Table S3).

3.5 | Model 2: Intercall Times

The full model differed significantly from the null model (LRT:
X2 =224, df=5, p=0.0004). Higher DSI scores were associated
with faster responses (8= —0.37, SE =0.12, p = 0.004). By con-
trast, drumming presence significantly increased intercall
intervals, resulting in longer response times (8 =0.52, SE=
0.15, p <0.001, Supporting Information S1: Table S4). Neither
the age of the caller (8 =0.08, SE =0.11, p = 0.47) nor the age of
the responder (5=0.05, SE=0.09, p=0.61) was significantly
associated with response times. There was no evidence for an
interaction between social bond strength and the presence of
drumming (8 =0.14, SE =0.18, p = 0.42; Figure 4).

We plotted the frequency of response times for IPHs (N = 260)
in 1s (1000 ms) intervals across all observed dyads (Figure 5a).
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FIGURE 3 | The figure shows the effect of preferred association partner presence on IPHs and general pant-hoot call rate in the traveling context

(GLMM,; ***p < 0.001). Boxes represent the median values for males with the upper and lower quartiles; whiskers represent data within 1.5 times the

interquartile range.
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Relationships vs Intercall Duration Intervals
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FIGURE 4 | The figure depicts the response times to IPHs in ms as a function of relationship strength. Dyads considered to be strongly associated

(i.e., above the 75% quartile) are displayed in green, and dyads considered to be weaker associated (i.e., below the 75% quartile) are depicted in blue.
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FIGURE 5 | The figure shows (a) the frequency of intercall times in ms between an IPH and a response call. Intercall times are plotted along the

x-axis with three key markers in black, red, and blue. The black vertical line is at 0 ms, the red at 2000 ms, and the blue line marks the mean intercall
duration of 7959 ms (+ 5911). The black dotted line demarcates the boundary for calls with any overlap with the initiating pant-hoot, the red line
demarcates what is commonly accepted as the boundary for response times in previous studies concerning gestural transitions in chimpanzees
(Frohlich et al. 2016) and short-range vocalizations in bonobos (Cornec et al. 2022). And (b) The frequency of intercall time durations (green) plotted

against waiting time durations between two calls (marked in gray).

The response times ranged from —2.02s to 25.12s, and clus-
tered around two distinct windows, an earlier interval of 0-5s
and alater interval of 12-16s. Only 1.9% of IPH responses
overlapped with the signalers initiating call. Seventy-four % of
the intercall times (197 of 260 cases) that exceeded the median
duration of 7106 ms included response calls that were accom-
panied by a drumming bout. Furthermore, we identified a total

of 32 IPH cases involving seven different dyads where an
individual did not receive a response to his call and then called
again. We refer to these events from here on as “multi-call
events.” Overall, the average waiting time between two subse-
quent IPH calls from the same emitter across the seven dyads
was 22.36 ms +7.2, ranging from 8.94 to 34.48 ms. The distri-
bution of intercall intervals (N=267) and waiting times
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(N =32) differed significantly (Kolmogorov-Smirnov D = 0.78,
p<0.001), with waiting times being longer than intercall
intervals (Figure 5b).

4 | Discussion

This study aimed to provide a more comprehensive under-
standing of vocal turn-taking in wild great apes by studying
pant-hoot production and exchanges in central chimpanzees in
the wild. Overall, we found that the studied adult males pro-
duced approximately one pant-hoot per hour, mostly while
traveling or feeding. High-ranking males called more frequently
than lower-ranking ones, especially when being in larger parties
and during periods with high fission-fusion rates. About 44% of
the calls produced in the travel context met the tested
IPH criteria and were predominantly accompanied by waiting,
scanning, drumming, and/or joining other group members
shortly after call emission (~5min). Around 75% received a
vocal response, and approximately 20% of these included
drumming. Concerning temporal patterns, we found that call
response times of the chimpanzees to pant-hoots were charac-
terized by two distinct clusters, the first being between 0 and 5's
and the second between 12 and 16s. In addition, dyads with
stronger social bonds showed shorter response times, while the
presence of drumming extended intercall intervals.

41 | General Pant-Hoot Patterns and Dynamics

Although few studies have systematically examined pant-hoot
context and call rates across chimpanzee sites and subspecies,
our results align with several other studies (Clark and
Wrangham 1993; Crunchant et al. 2021; Fedurek et al. 2016;
Kalan 2019; Mitani and Nishida 1993). For instance, Western
chimpanzee males of the South community, Tai National Park,
Cote d'Ivoire, produced approximately 1.3 pant-hoots per
hour—closely matching our observed rate. In terms of context,
pant-hoots were most frequently produced during travel or
feeding, a pattern also observed among Eastern chimpanzees in
Mabhale, Tanzania, Kanyawara, Kibale National Park and Sonso,
Budongo Forest Reserve, Uganda (Fedurek et al. 2014; Mitani
and Nishida 1993; Notman and Rendall 2005).

Caller identity also played a role in call frequency. As reported
in several studies, high-ranking males, especially alpha-males,
called more often (Clark and Wrangham 1994; Fedurek
et al. 2014; Mitani and Nishida 1993), potentially reflecting
several proposed functions of pant-hooting, including height-
ened arousal, increased social motivation, and the vocal asser-
tion of dominance or leadership. This status-linked pattern
extends beyond pant-hoots: In both Tai and Kanyawara, high-
ranking males also produced food calls more frequently at
feeding sites (Fedurek and Slocombe 2013; Kalan and
Boesch 2015). Similar social status effects on calling patterns
have been noted in other great apes (Mitani 1985; Luef
et al. 2016) and also in some monkey species (e.g., Papio cy-
nocephalus ursinus, Kitchen et al. 2003).

We also found that calling frequency increased with party size,
echoing patterns from earlier studies (Crunchant et al. 2021;
Goodall 1986; Reynolds and Reynolds 1965). However, this
association is not consistent across all chimpanzee populations.

For example, research at Kanyawara and Mahale did not find a
significant link between party composition and pant-hoot rate
(Fedurek et al. 2014; Mitani and Nishida 1993), possibly indi-
cating the influence of local ecology and culture. Finally, our
findings on fission—fusion rates mirror those from a study at
Kanyawara, where greater social fluidity (more frequent sub-
group changes) was linked to increased vocal output (Fedurek
et al. 2014), pointing to the important social-cohesion function
of these long-distance calls.

4.2 | Inquiring Pants-Hoots

The males of the Rekambo community produced a distinct type
of pant-hoot during travel contexts, accompanied by specific
behaviors such as actively listening and waiting for responses.
Our findings offer empirical behavioral support for Goodall's
long-standing hypothesis that chimpanzees use IPHs to seek out
and locate nearby group members. These results also add to the
expanding body of work on interactional and turn-taking
capacities in nonhuman primates, highlighting its relevance
not just for close-range exchanges but also long-distance com-
munication (Cebuella pygmaea, Snowdon and Cleveland 1984;
Callithrix jacchus, Takahashi et al. 2013; Pan paniscus,
Schamberg et al. 2016). Moreover, they provide crucial evidence
that chimpanzees engage in both gestural and structured vocal
turn-taking, challenging the idea that great apes are primarily
specialized in gestural communication (Fréhlich et al. 2016;
Badihi et al. 2024; Van Boekholt and Pika 2025;
Levinson 2016).The present findings thus refute the idea that
great apes primarily specialize in gestural turn-taking. How-
ever, while our study did not compare vocal and gestural
modalities directly, future research could investigate potential
differences in flexibility, timing, and complexity between these
communicative modes in both human and nonhuman great
apes (Schamberg et al. 2016; Levréro et al. 2019).

4.3 | The Role of Social Factors in IPHs

The Rekambo males emitted and received quicker responses to
IPHs when traveling in smaller parties, during periods of
increased fission-fusion events, and in the absence of preferred
social partners. These findings deepen our understanding of the
flexibility, goal-directedness, and intentionality in chimpanzee
long-distance vocal behavior (Mitani and Brandt 1994; Girard-
Buttoz et al. 2022). Importantly, they complement observations
of individuals from other communities where males increased
call rates in the absence of key allies, presumably to re-establish
contact and coordinate reunions (Mitani and Nishida 1993;
Bouchard and Zuberbiihler 2022; Soldati et al. 2022). While
accurately tracking all individuals' locations remains challeng-
ing, the context-dependent nature of IPHs supports the view
that such calls serve more than a simple broadcast function.

This targeted usage reinforces the idea that certain vocaliza-
tions, including pant-hoots, act as functional analogs to
grooming, serving to maintain cohesion and reinforce bonds in
species with highly fluid social structures (Dunbar 1993;
Fedurek et al. 2013; McComb and Semple 2005; Ramos-
Ferndndez 2005). Although pant-hoots are more energetically
costly than short-range calls like grunts (baboons, Cheney
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et al. 1995), they are better suited to re-establish bonds or
coordinate movement across distance when visual contact is not
possible. Our results may also imply that certain individuals
were implicitly expected to respond. This idea, still speculative
in the chimpanzee literature, echoes findings in dolphins,
where signature whistles can function as individualized vocal
addresses (Janik et al. 2006). The strong effect of social bond
strength on intercall intervals may suggest that calls directed at
close partners are not only more likely to receive a reply, but to
do so promptly. Whether chimpanzees vocally tailor their calls
or rely on shared history and social context to predict responses
remains an open question.

Notably, IPH exchanges among the studied males showed
minimal vocal overlap, echoing patterns characterizing human
conversational turn-taking (Sacks et al. 1974). They were also
consistent with observations from the Kanyawara community
(Arcadi 2000). These responses clustered within two distinct
time windows: 0-5s and 12-16s. While humans typically
respond within 1-2s (Stivers et al. 2009), chimpanzee vocal
exchanges appear to operate on a slower timescale. This pattern
also diverges from great ape gestural exchanges, which often
exhibit shorter response latencies (Frohlich et al. 2016; Badihi
et al. 2024). Still, the presence of clear, nonoverlapping windows
suggests that turn-taking in chimpanzees, though variable in
duration, follows structured temporal norms across both vocal
and gestural modalities. The second, delayed response window
may still be interpreted by the caller as contingent, parsticularly
since over seventy percent of responses after the median delay
were accompanied by drumming. This behavior could reflect
the time needed to identify a suitable tree for drumming, an
action that may involve planning or more complex decision-
making processes (Goodall 1986; Fitzgerald et al. 2022). When
further exploring chimpanzees' sensitivity to timing, we found
that callers typically waited up to 20 s for a reply. This extended
timeframe is in stark contrast to those commonly used in pri-
mate communication research to define “responses,” such as
the 5s window used by Arcadi (2000) tostudying vocalizations
of Eastern chimpanzees or the 10 s criterion used by Schamberg
and colleagues (2016) for bonobos. Our findings suggest that
such cutoffs may strongly underestimate relevant responses. We
propose that identifying response windows based on empirical
distributions in the respective model species, rather than arbi-
trary thresholds, will provide a more species-appropriate
framework for studying vocal coordination and interactions in
primates.

4.4 | Limitations

Our research built upon Goodall's pioneering and foundational
work (1986) to select and investigate IPHs; while this approach
was very helpful in narrowing our scope, it resulted in ex-
cluding calls produced outside the travel context that may also
be used by chimpanzees to inquire about other individuals.
Moreover, the complexities of collecting data in the wild on
naturally occuring behavior of wild chimpanzees traveling in
separate groups presented significant challenges. For example,
when researchers are in the field and can recognize the voices
of all males, they begin to form a “mental map” of their loca-
tions. This mental map is not a precise tool for real-time
tracking but rather a conceptual aid to help understand the

complexity of the fission—fusion society. For analysis purposes,
however, the male potential audience was based on individuals
not immediately present in the vocalizing individual's group.
Future research would greatly benefit from improved commu-
nication systems among field observers, allowing for more
comprehensive audio recordings capturing both sides of the
interaction. Additionally, although our results suggest that IPHs
are just a subset of pant-hoots produced during travel and may
serve a distinct function compared to pant-hoots produced in
other contexts, acoustic analyses are necessary to assess un-
derlying acoustic structural differences. On this level, the inte-
gration of state-of-the-art machine learning techniques could
offer deeper insights into auditory variation within pant-hoots
across contexts. For example, recent studies have found further
support for using structural acoustic features for context clas-
sification, with the number of let-down elements being higher
in traveling contexts (Desai et al. 2022; Fedurek et al. 2016).
Finally, a larger data set containing more multicall events and
dynamic “conversations” in the form of exchanged pant-hoots
would be ideal for further investigating information transfer
and intricate aspects of turn-taking frameworks, including the
assignment of turns.

5 | Conclusion

Overall, our study provided evidence that IPHs are a distinct
form of pant-hoots used to initiate “question-answer-like” ex-
changes among Central African chimpanzees. They are used to
maintain contact among group members, to initiate fusion
events, and to initiate and nurture bonds among males, thus
underscoring their role in shaping chimpanzees' spatial and
social dynamics, but also possibly prosocial functions. While
our findings are consistent with some findings of Arcadi's
(2000) empirical observations—such as overlap patterns and the
use of acoustically similar calls—they challenge his broader
conclusion that pant-hoot structures are of no special relevance
to the evolution of linguistic systems. Instead, our results sug-
gest that the observed exchanges of the Rekambo males fol-
lowed structured, socially modulated temporal patterns, adding
further fuel to the hypothesis that human cooperative turn-
taking may have evolved in the context of mutualistic prosocial
activities.
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