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Abstract 21 
Group-living animals engage in coordinated vocalizations to depart from a location as a 22 
group, and often, to come to a consensus about the direction of movement. Here, we 23 
document for the first time, the use of coordinated vocalizations, the “let’s go” rumble, in 24 
wild male African elephant group departures from a waterhole. We recorded vocalizations 25 
and collected behavioral data as known individuals engaged in these vocal bouts during June-26 
July field seasons in 2005, 2007, 2011, and 2017 at Mushara waterhole within Etosha 27 
National Park, Namibia. During departure events, we documented which individuals were 28 
involved in the calls, the signature structure of each individual’s calls, as well as the ordering 29 
of callers, the social status of the callers, and those who initiated departure. The “let’s go” 30 
rumble was previously described in tight-knit family groups to keep the family together 31 
during coordinated departures. Male elephants are described as living in loose social groups, 32 
making this finding particularly striking. We found that this vocal coordination occurs in 33 
groups of closely associated, highly bonded individuals and rarely occurs between looser 34 
associates. The three individuals most likely to initiate the “let’s go” rumble bouts were all 35 
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highly socially integrated, and one of these individuals was also the most dominant overall. 37 
This finding suggests that more socially integrated individuals might be more likely to 38 
initiate, or lead, a close group of associates in the context of leaving the waterhole, just as a 39 
dominant female would do in a family group. The fact that many individuals were often 40 
involved in the vocal bouts, and that departure periods could be shorter, longer, or the same 41 
amount of time as pre-departure periods, all suggest that there is consensus with regard to 42 
the act of leaving, even though the event was triggered by a lead individual. 43 
 44 
 45 
Introduction 46 
Group-living animals rely on vocalizations to identify and communicate with individuals at a 47 
distance, assess reproductive status, facilitate social interactions, and coordinate movement 48 
(Bousquet et al. 2011; O'Connell-Rodwell et al. 2012; Poole et al. 1988; Stewart & Harcourt 49 
1994; Walker et al. 2017). Coordinating movement confers advantages, such as not getting 50 
separated from the rest of the group (Boinski & Campbell 1995; Walker et al. 2017), ensuring 51 
group members have met their physiological needs (e.g., food and water) (Sueur et al. 2010) , 52 
and conserving energy by moving in relative synchrony, minimizing localization effort if 53 
separated (Black 1988; Boinski 1991). Mountain gorillas and redfronted lemurs have pre-54 
departure vocalizations called “grunts” (Sperber et al. 2017; Stewart & Harcourt 1994) and 55 
white-faced capuchins make pre-departure “trills,” (Boinski & Campbell 1995), that cause the 56 
entire group to get ready and then move from an area. In wild dog packs, the incidence of 57 
sneezing increases prior to departure, acting as a quorum to confirm the group is ready to 58 
depart (Walker et al. 2017). 59 
 60 
Elephant vocalizations contain information about sex (Baotic & Stoeger 2017), age and body 61 
size (Stoeger & Baotic 2016), condition, and social and ovulation status (Poole et al. 1988; 62 
Soltis et al. 2005). Information encoded within calls makes it possible to identify individuals 63 
(McComb et al. 2003; Stoeger & Baotic 2016; Wierucka et al. 2021) as well as address one 64 
another with unique calls (Pardo et al. 2024). Elephant vocalizations are also used to 65 
coordinate action within family groups, often initiated by either the matriarch or another 66 
dominant female within the family (O'Connell-Rodwell et al. 2012; Poole 2011; Poole et al. 67 
1988). 68 
 69 
In elephant family groups, matriarchs have been described as leaders (Lee & Moss 2012) 70 
because they make decisions for their family and act as knowledge repositories based on their 71 
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experiences (Mutinda et al. 2011). Matriarchs assess predator threats to determine when to 80 
act (McComb et al. 2011), and make foraging decisions and initiate movement (Mutinda et al. 81 
2011), such as when to leave the waterhole (O'Connell-Rodwell et al. 2012).  82 
 83 
While male elephants are not considered group living animals, many individuals spend a lot 84 
of time in all-male groups (Poole & Moss, 1989; Chiyo et al. 2011; Evans & Harris 2008; 85 
Goldenberg et al. 2014; Lee et al. 2011). However, little research has been conducted to assess 86 
the potential of male elephant coordination or active leadership. While male elephants have 87 
weaker associations within all-male groups than females do within their families (Archie et 88 
al. 2006; Chiyo et al. 2011), their social lives are very complex. Male elephants have been 89 
found to establish dominance hierarchies within social networks (O'Connell-Rodwell et al. 90 
2011) and gather in large groups where males of all ages prefer to associate with older, 91 
mature males (Evans & Harris 2008). Preference for older males is likely attributed to older 92 
males taking on similar roles as matriarchs: older males aid in maintaining social cohesion 93 
(Chiyo et al. 2011), mediate aggressive behaviors (Allen et al. 2021; Slotow et al. 2000), and 94 
provide ecological information about resource location and effective navigation through the 95 
environment (Allen et al. 2020). 96 
 97 
Individuals within bonded social groups coordinate their behavior and activities, which 98 
serves to maintain social stability through the use of physical interactions and vocalizations 99 
(Seltmann et al. 2013). Male elephants form social groups with older, more dominant males, 100 
sometimes appearing to take on a mentor or leadership role (Allen et al. 2020). While the 101 
evidence presented from photographs appears to support passive leadership, i.e. younger 102 
individuals following older individuals (Allen et al. 2020), we propose that some highly 103 
associated individuals, and especially the highest-ranking male within an extended social 104 
network, may engage in active leadership tactics by initiating group departures vocally.  105 
 106 
In this study, we document the use of “let’s go” rumble (LGR) vocalizations within bonded 107 
groups of male African elephants. We also show that these LGR events are mostly initiated 108 
by the most socially integrated individual. The initial LGR vocalization within a waterhole 109 
visit event triggers a series of highly synchronized and coordinated vocalizations within 110 
repeated bouts, a patterning that Poole (2011) refers to as cadenced rumbles, or cadenced 111 
calling, as the dynamic resembles, and likely is a form of conversation to reach consensus. 112 
We refer to bouts in this context as LGR cadenced call bouts, as they occur in bouts with 113 
often long periods of silence between them in the context of departure. This phenomenon 114 
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was previously described only in the context of family groups preparing for departure, 124 
whereby a dominant female stops drinking, orients in the departure direction, and emits the 125 
LGR accompanied with slow ear flapping (O'Connell-Rodwell et al. 2012; Poole 2011; Poole 126 
et al. 1988) and for the first time, we report that male elephants display exactly the same 127 
behavior. We discuss the value of having such a vocal tool to trigger action and coordinate 128 
movement of a group of associates, as well as highlighting the evidence for, and implications 129 
of, active leadership of highly socially integrated individuals within male elephant groups. 130 
 131 
 132 
Materials & Methods 133 
 134 
Field site and elephant identification 135 
Data were collected during June-July field seasons in 2005, 2007, 2011, and 2017 at Mushara 136 
waterhole (hereafter referred to as Mushara) in Etosha National Park, Namibia. Mushara is 137 
located within a 0.22 km2 clearing. Data were collected from an 8-meter-tall research tower, 138 
located approximately 80 meters from the waterhole. The waterhole is fed by a permanent, 139 
artisanal spring, and is the only stable source of water within 10 km2, making it an important 140 
resource during the dry season. For additional details about the field site, see recent 141 
publications (Berezin et al. 2023; O'Connell-Rodwell et al. 2022; O’Connell-Rodwell et al. 142 
2022). Namibian Ministry of Environment and Tourism, permit codes: #877/2005 for 1 143 
February 2005 to 31 January 2006; #1141/2007 for 7 March 2007 to 28 February 2008; 144 
#2188/2016 for 1 June 2016 to 30 June 2017; # TK for 2011 field season. 145 
 146 
Elephants have been individually identified at Mushara since 2004 using unique, 147 
recognizable morphological characteristics such as ear tear patterns, tail hair configurations, 148 
tusk size and shape, and scarring. Elephants were assigned to age classes based on overall 149 
body size, shoulder height, hindfoot length, and skull and face morphometrics (Moss 1996; 150 
O’Connell-Rodwell et al. 2022). Age classes include: one-quarter (1Q), 10-14 years old; two-151 
quarter (2Q), 15-24 years old; three-quarter (3Q), 25-34 years old; full, 35-49 years old; and 152 
elder, 50 years and older. 153 
 154 
Keystone individual (the most socially integrated and dominant individual in a population) 155 
identification using social network and dominance hierarchy analyses was described 156 
recently; portions of this text were previously published as part of a preprint (O’Connell-157 
Rodwell et al. 2024a; O’Connell-Rodwell et al. 2024b) and will be summarized in brief. For 158 
the social network analysis, we constructed association networks based on co-presence at the 159 
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waterhole during field seasons. Weighted matrices of dyad-level association indices were 163 
built based on the Simple Ratio Index of association, ranging from 0-1, with higher indices 164 
representing individuals who are closely associated (Cairns & Schwager 1987; Whitehead 165 
2008). 166 
 167 
For the dominance hierarchy, we used dyad-level displacement (when an individual forces 168 
another to change his position; (O'Connell-Rodwell et al. 2011), to construct an ordinal 169 
hierarchy using the normalized David’s Score (David 1987; de Vries et al. 2006; Gammell et 170 
al. 2003). David’s Score is calculated using the proportion of wins or losses across all dyads an 171 
individual is present in, while also considering the total number of dominance interactions 172 
observed. The highest values are associated with those who most consistently win contests. 173 
One individual (#22) had the highest average eigenvector centrality (most socially-174 
integrated) and the highest dominance rank of all individuals included in the analysis across 175 
five years (2007 to 2011). 176 
 177 
Data acquisition  178 
We recorded LGR vocalization events in the context of male elephants leaving Mushara 179 
waterhole. For each LGR event, we quantified the temporal spacing of the event, the onset of 180 
the departure period, the characteristics and individuality of LGR rumbles, the level of 181 
association between individuals that engaged in the bouts, and the behavior patterns within 182 
events, as well as bout initiation and serial participation of known individuals within the 183 
bouts. 184 
 185 
Behavioral data and vocalization recordings were collected opportunistically during the 186 
evening and night (approximately 5:00 p.m. to 2:00 a.m.) when ambient sound and wind 187 
shear was low enough to record extremely low-frequency male vocalizations made in the 188 
range of 11 Hz. After dark, light-enhancing technology was attached to a standard HD video 189 
recorder and 3x magnification was used to visually identify individuals and document their 190 
behavior. In the new moon period, an infrared spotlight was also attached to the recorder to 191 
enhance visibility of tusks, ear tears and tail hair for individual identification. 192 
 193 
Vocalizations were recorded using a Neumann Km131 microphone (Berlin, Germany) at a 194 
sampling rate of 48 kHz and placed 20 meters from the waterhole, powered remotely via a 195 
12-volt battery in the field tower. Vocalization data collected in 2005-2011 was recorded 196 
using a TEAC DAT digital recorder, and in 2017, a Sound Devices solid-state digital recorder 197 
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(Reedsburg, Wisconsin, USA) was used. All vocalizations recorded were logged by date, time, 199 
type, and social context, including all individuals involved, the locations of callers, and those 200 
participating in the vocal bouts when known. Calls were flagged when it wasn’t possible to 201 
tell who the caller was, due to an obstruction (another elephant, the tower, or too far away 202 
to distinguish which individual was ear-flapping), or overlap with another caller, and were 203 
labeled as unknown. 204 
 205 
Events were described as a period when a group of male elephants entered the clearing (from 206 
the forest) to the time when they departed the clearing. The criteria used to select events was 207 
as follows: 1) audio recordings were captured for the full event (from arrival to departure), 2) 208 
males arrived and departed together, and 3) females were not present during any time of the 209 
event, nor any other behaviorally impactful disturbances. Events were divided into pre-210 
departure and departure periods following protocols described in O'Connell-Rodwell et al. 211 
(2012): pre-departure began when the elephants entered the clearing and was defined by 212 
greetings between males and drinking water, and ended when the departure period began. 213 
Departure began when a known male initiated the behavior associated with the LGR (and 214 
could be heard in almost all cases, due to the proximity of the microphone to the caller at the 215 
waterhole, as well as low-frequency sounds being more easily detectible after dark, given the 216 
low wind shear and quiet background) and ended when all elephants left the clearing. The 217 
microphone was monitored remotely using headphones plugged into the recorder in the 218 
tower.  219 
 220 
Behaviorally, LGRs were identified when a known male stepped away from the waterhole, 221 
stood still and rumbled, most often while flapping his ears, and positioned facing away from 222 
the waterhole (O'Connell-Rodwell et al. 2012; Poole et al. 1988). This first rumble marked 223 
the onset of the departure period. 224 
 225 
After the initial rumble was emitted, the individual repeated the vocalization, while 226 
remaining stationary, or while walking away from the waterhole. This initial LGR call, or 227 
sequence of repeated single LGR calls sometimes over the course of several minutes, then 228 
triggered a bout of coordinated responses from the rest of the bonded group, a pattern that 229 
Poole (2011) refers to as cadenced calls. Each caller within the coordinated interactive bout 230 
was noted by ear-flapping behavior, while standing stationary or walking out to follow the 231 
initiator. If there was no ear-flapping, the males were spaced far enough apart to tell where 232 
the call was coming from. If the males were close together and there was no ear flapping, 233 
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both males were noted and the call was ascribed to the two possible callers. These bouts were 238 
recorded until the group hit the edge of the clearing. 239 
 240 
Acoustic analysis 241 
Rumbles were analyzed using Raven Pro 1.6 (Cornell Lab of Ornithology, New York, USA) 242 
with a Hann window size of 65536, a hop size of 32768, with 50% overlap. The window size 243 
is larger than previous publications (Stoeger & Baotic 2016; Wierucka et al. 2021) to precisely 244 
identify the fundamental frequency and harmonics. However, this extremely precise 245 
frequency resolution comes at the cost of a lower time resolution. “Let’s go” cadenced bouts 246 
have slightly overlapping rumbles and any calls made within two seconds were considered 247 
within a single bout. We chose this two-second window because there were no other 248 
vocalizations that occurred outside the cadenced call bouts, and since the bouts might occur 249 
a minute or even five or so minutes apart, it seemed appropriate to include a vocalization 250 
that occurred within two seconds as being part of the bout. This differed from the 1.5 251 
window that was used for the female bouts. Within family groups, there are so many 252 
vocalizations and individuals involved in the LGR cadenced call bouts, that the response time 253 
is quicker, and many more bouts within the departure period to consider as unique, whereas 254 
for the males, there are long periods of silence, and as such, it seemed appropriate to extend 255 
the window to two seconds. For non-overlapping rumbles, the full rumble was selected. For 256 
rumbles that did overlap, only the non-overlapping section is selected. For this study, only 257 
slightly overlapping bouts were considered as part of the LGR bout, or departure 258 
conversation. Individual rumbles were assumed to not be part of the LGR bout sequence. For 259 
bouts with more than three rumbles, only the first three rumbles of each bout were 260 
considered in the acoustic analysis. 261 
 262 
A combination of parameters were used to identify individuals: 1) field notes, detailing the 263 
behavioral observation noting the time of “let’s go” rumble behaviors and the corresponding 264 
times on the audio recorder; noting the callers by ear flapping and or location, if they were 265 
far enough away from any others to designate a caller, and 2) the rule of non-consecutive 266 
rumble criteria (O'Connell-Rodwell et al. 2012), where it is assumed that overlapping 267 
rumbles cannot be produced by the same individual (but could be caller #1 and #3).  268 
 269 
Where it was difficult to behaviorally discern between two individuals, principal 270 
components analysis (PCA) visualizations of rumble characteristics were used to identify 271 
unique individuals (#105/#69 (1) and #105/#69 (2); #61/#132 (1) and #61/#132 (2)). The same 272 
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parameters used in the PERMANOVA (described below) were used in the PCA. Since we 283 
always knew which elephants were actually present at the waterhole during the events 284 
(which was never more than six elephants vocalizing and eight elephants present, Table 1), 285 
we could plot all known individuals as well as the unknowns. The PCA grouped the known 286 
individuals clearly, and even if two individuals looked similar on the PCA axes we could still 287 
distinguish them. For example, #61/#132 means that #61 and #132 were both present at the 288 
waterhole along with the known callers. We were able to visualize the unknown calls (in 289 
addition to those of other elephants) into two distinct groups of calls: one for #61 and one for 290 
#132. However, we do not have specific notes on when #61 and/or #132 is vocalizing, 291 
therefore we cannot assign one group of calls to #61 and the other to #132. Hence, the 292 
#61/#132 (1) and #61/#132 (2). 293 
 294 
Following the methodology of Wierucka et al. (2021), we measured five key acoustic 295 
parameters: Frequency 5% (frequency that divides the rumble into two frequency intervals 296 
containing 5% and 95% of the energy), Frequency 95% (frequency that divides the rumble 297 
into two frequency intervals containing 95% and 5% of the energy), Bandwidth 90% (the 298 
difference between the 5% and 95% frequencies), Center frequency (divides the rumble into 299 
the two frequency intervals of equal energy), and Duration 90% (the differences between the 300 
5% and 95% times) (abbreviated definitions reproduced from Charif et al. (2010) and 301 
Wierucka et al. (2021). We also chose to measure the fundamental frequency (Stoeger & 302 
Baotic 2016); both the fundamental frequency and duration 90% were measured using a 303 
rectangular selection box around the entire call. 304 
 305 
Statistical analysis 306 
To evaluate whether the onset of the “let’s go” cadenced rumble bouts trigger departure, we used 307 
a paired Wilcoxon Signed Rank test to assess whether the pre-departure time was significantly 308 
longer than the departure time, using the function wilcox.test in the R “stats” package (R Core 309 
Team 2023). Similarly, a Wilcoxon Signed Rank test was also used to evaluate whether the 310 
number of rumbles significantly increased in the departure period (compared to the pre-departure 311 
period). Since longer events would be expected to have more rumbles, we calculated the rate of 312 
rumbles as the number of rumbles per minute in each period. 313 
 314 
Next, we wanted to confirm that each LGR emitted contained a unique signature distinctive to 315 
each known individual, reproducing the methodology of Wierucka et al. (2021). Acoustic 316 
parameter data was normalized on a scale of 0 to 1 due to the different variable types, mean 317 
values of each variable, and disparate standard deviations. We used a Permutational Multivariate 318 
Analysis of Variance test (PERMANOVA) using the adonis function in the “vegan” package 319 
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(Oksanen et al. 2022) with a Euclidean distance matrix of the frequency parameters. To test the 325 
assumption of homogeneity of the variance-covariance matrix, we first used the betadisper 326 
function in the “vegan” package to calculate the average distance of an individual’s calls to their 327 
calculated centroid and then used an ANOVA test to confirm whether the distances were 328 
significant (suggesting that individuals had large variances in their acoustic parameters).  329 
 330 
Lastly, we assessed whether the males involved in “let’s go” events had significantly higher 331 
associations than those not involved in the “let’s go” events. Only “let’s go” events and 332 
association data from the 2007 field season were used, due to the large number of dyads 333 
observed, with data available for all individuals included in “let’s go” events. To increase the 334 
sample size of dyadic-relationships within “let’s go” events, we included five additional groups 335 
of individuals that were observed and acoustically recorded in a “let’s go” rumble event (Table 336 
1). These events could not be included in acoustic analysis, due to the lack of clear arrival times 337 
and audio recording of the entire event. Of the 25 individuals that came to the waterhole at least 338 
three times in 2007, there were a total of 223 unique dyads observed of the 300 possible 339 
combinations. Of these unique dyads, 64 dyads involved 17 individuals who were both taking 340 
part in LGR events, while 159 of these dyads involved at least one individual who was not 341 
involved in LGR events. We used a Mann-Whitney U-test to assess for significant differences 342 
between the two groups of individuals (those observed in LGR events and those who are not), 343 
using the wilcox.test function in the “stats” package.  344 
 345 
All statistical analyses and visualizations were performed using R statistical software (version 346 
4.3.1) (R Core Team 2023), with significance set at an alpha level of α = 0.05. 347 
 348 
 349 
Results 350 
 351 
LGR Events and Temporal Spacing 352 
The final acoustic analysis included data from 7 LGR events, with a total of 48 bouts and 122 353 
analyzed rumbles (Table 1). A total of 19 individuals were recorded across the 7 LGR events 354 
(Table 2), with a mean group size of 4.9 individuals, with a range of 3 to 8 individuals (with 355 
only 7 individuals present across LGR events who did not vocalize). 16 individuals involved 356 
in the LGR events were in the 3Q, full, or elder age classes (25+ years old), with only 3 357 
individuals in the 1Q (10-14 years old) and 2Q (15-24 years old) age classes (Table 2). 358 
 359 
LGR events were defined by the pre-departure period, which was the arrival of a group of 360 
male elephants at the waterhole where they drank and socialized, followed by the departure 361 
period which was initiated by the onset of a “let’s go” rumble. Three rumble types were 362 
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observed during these events, namely the first single call by the initiator (Fig. 1A) which 380 
triggered the highly synchronized and coordinated bouts that contained slightly overlapping 381 
rumbles emitted within bouts (Fig. 1C), by some or all of the individuals within the group at 382 
the waterhole. Sometimes, the initial vocalization was followed by an overlapping, “duet” 383 
call by the initiator and a close associate (Fig. 1B). A spectrogram of an excerpt from event 2 384 
depicts vocalizations in real time (Fig. 2). Sometimes, the initiator emitted a call, but did not 385 
get an immediate response, and proceeded to call several more times and even started 386 
walking away from the waterhole, before others responded (Fig. 2). In the example depicted 387 
in Figure 3, of a subset of rumbles, the keystone male, #22 emitted two LGR before triggering 388 
several bouts of rumbles that he almost always led (Fig. 3). The repeated vocal bouts resulted 389 
in the act of leaving the waterhole, most often as a group, though sometimes there were 390 
stragglers that return to the water for one more drink before following the rest of the group 391 
out of the clearing. 392 
 393 
The duration of the pre-departure period was longer than the departure period for four of 394 
the seven LGR events (Fig. 4). The median pre-departure time (30.0 ± 9.68 minutes, range = 395 
15.67, 42.50) was longer than the departure time (21.67 ± 16.5 minutes, range = 4.91, 55.97) 396 
but was not significant (Wilcoxon Signed Rank test p = 0.469, effect size r = 0.32). Event 2 397 
was unique in that there was an initial bout, then 43 minutes passed before a series of 9 bouts 398 
occurred in quick succession. During the 43 minutes between the first bout and the series, 14 399 
individual rumbles were vocalized by the keystone individual (#22). When tested without 400 
event 2, the median times were still not significantly different (Wilcoxon Signed Rank test p 401 
= 0.313, effect size r = 0.47). 402 
 403 
The rate of rumbles in the departure period was significantly higher than the pre-departure 404 
period (Wilcoxon Signed Rank test p = 0.016, effect size r = 0.89). For all events, pre-405 
departure periods were silent, with no vocalizations recorded. The median rate of rumbles 406 
per minute in the departure period was 0.84 ± 1.12 (range = 0.26, 3.46; mean = 1.25). 407 
 408 
Across all events, the mean (± SD) number of bouts per departure period was 6.86 ± 3.89 with 409 
a range of 1 to 11. The mean (± SD) number of rumbles was 19.71 ± 10.67 with a range of 3 to 410 
32, while the mean (± SD) number of rumbles per bout was 2.88 ± 0.96 with a range of 2 to 6. 411 
The mean (± SD) duration of bouts was 10.54 ± 3.81 seconds with a range of 3.77 and 19.51 412 
seconds. The average time between bouts was 156.55 ± 405.40 seconds (2.61 ± 6.76 minutes) 413 
with a range of 2.80 and 3624.23 seconds (0.047 to 43.73 minutes). 414 
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 433 
Rumble characteristics and individual differences 434 
The mean duration of rumbles was 4.15 seconds (SD = 1.42) and the mean Frequency 5% was 435 
11.53 Hz (SD = 2.31). Additional rumble characteristics are presented in Table 3. We found 436 
significant individual differences in the five acoustic parameters for the 19 individuals included 437 
in the study (PERMANOVA R2 = 0.522, p = 0.001; Table 3). Further, the assumption of 438 
homogeneity of variance was not violated, (F = 1.34, DF = 18, p = 0.182), suggesting that 439 
individuals have similar variation and co-variation across their rumble characteristics. 440 
 441 
Associations, dominance, and the keystone individual 442 
Of all the frequent visitors to Mushara in 2007, individuals within LGR groups had a mix of 443 
association levels amongst its members, where some individuals had high association 444 
strengths, and others had low. Dyads involving two individuals within LGR events 445 
(highlighted in yellow; Fig. 5) had significantly higher association indices than dyads in 446 
which at least one individual was not involved in LGR events (highlighted in blue; Fig. 5) 447 
(Mann-Whitney U test p = 0.0001, median difference = 0.05, effect size = 0.26). The median 448 
index for those involved in an LGR event was 0.16 ± 0.17 (mean = 0.21, range = 0.04 to 0.92), 449 
while the median for those not observed in an LGR group was 0.11 ± 0.07 (mean = 0.12, 450 
range = 0.04 to 0.36). 451 
 452 
For the three events where he was present, the keystone male (#22) initiated the departure of 453 
the group by emitting the first LGR and was also the first caller in LGR cadenced call bouts 454 
61.9% (13/21) of the time. When the keystone male was present, six (of nine) other 455 
individuals in his groups initiated cadenced call bouts, but only 1 or 2 times each, making the 456 
keystone male 1.6 times more likely to initiate these bouts than any other individual within 457 
groups where he was present. Across all events (when #22 was present and when he was 458 
not), 12 of the 19 individuals initiated bouts. When the keystone male was not present, one 459 
individual (#46) initiated bouts 54.5% (12/22) of the bouts in the three events he was present 460 
in. All other individuals initiated bouts five times or fewer (for example, see Fig. 3).  461 
 462 
Across the seven events, four males (#22, #46, #67, and #84) initiated the departure period by 463 
emitting a LGR. Males #22, #46, and #67 had high centrality rankings of 1, 6, and 8, 464 
respectively, out of 25 individuals evaluated (data was not available for male #84, the 465 
departure initiator of event 5). Of these three individuals, only male #22 was the highest 466 
ranked in the dominance hierarchy overall, while males #46 and #67 were mid-ranking 467 
overall and not the highest ranked members in their respective LGR groups (Fig. 6).  468 
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 494 
 495 
Discussion 496 
Since male elephants have been described as living in loose groups of associates (Archie et al. 497 
2011; Chiyo et al. 2011), it is surprising to document them engaging in highly coordinated 498 
vocal behavior, used to coordinate departures from the waterhole as a group of associates, 499 
just as group-living animals do. And even more surprising, is that they do so with vocal 500 
patterning and synchrony (Fig. 1 and Fig. 2) previously only described in females living 501 
within family groups (O'Connell-Rodwell et al. 2012; Poole et al. 1988) as part of a departure 502 
conversation, or cadenced calling (Poole 2011). To add to these surprising findings is the fact 503 
that this vocal coordination during departure only occurs within male groups that have 504 
strong associations and are much rarer between loose associates (Fig. 5). 505 
 506 
This solicitous behavior suggests much deeper relationships than random meet ups at a 507 
waterhole while drinking, whereby individuals might engage in social interactions with 508 
bonded associates, and from there, perhaps passively follow a dominant or socially integrated 509 
individual upon departure. Similar vocal coordination among associates was also found in 510 
bonobos, whereby more bonded individuals were more effective at coordinating group 511 
action (Levrero et al. 2019), and adult male Barbary macaques most frequently recruited 512 
those with whom they had affiliative relationships (Seltmann et al. 2013). Although the level 513 
of dyadic associations varied in some male elephant groups—some individuals having low 514 
associations—each individual had a stronger association with at least one other individual in 515 
the group. Lending further evidence to the idea that these vocal bouts, or conversations, 516 
expedited departure is the fact that bonded groups that engaged in LGR bouts had more 517 
coordinated departures than loose affiliates. 518 
 519 
The most intriguing aspect of these findings is that three of the departure initiators (males 520 
#22, #46, and #67) were highly socially integrated (central) within the association network 521 
(Fig. 5), and only one of those individuals was also highly dominant overall (male #22; Fig. 522 
6), all three being nearly fully mature (> 25 years old; #67) or fully mature adults (> 35 years 523 
old; #22 and #46)(O’Connell-Rodwell et al. 2022). Species social structure is thought to 524 
impact the coordination of movement (Seltmann et al. 2013), but results have been 525 
inconclusive as to who has the most social influence (Petit & Bon 2010). For example, social 526 
integration and maturity were important for coordinated movement in cattle (Šárová et al. 527 
2013; Sueur et al. 2018). Being an adult, high-ranking male was important for Barbary 528 
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macaques (Seltmann et al. 2013). And, lastly, dominance rank was the most important for 539 
successive rallying and departure for African wild dogs (Walker et al. 2017).  540 
 541 
Highly socially integrated individuals were the departure initiators. This data suggests that 542 
network centrality is critical with regard to taking initiative to coordinate the group. Since 543 
two of the four initiators were mid-ranking and one was the highest ranking, the results of 544 
this small dataset suggests the possibility that dominance might not be as important as 545 
centrality with regard to leadership within groups of male elephants. In a follow up study, 546 
we plan to compare the importance of dominance status versus social integration as they 547 
relate to leadership. Socially integrated individuals are thought to act as sources of social 548 
information (King & Sueur 2011), due to the quantity of connections within their network. 549 
Central individuals might also have greater access to information (Palacios-Romo et al. 2019), 550 
making them more attractive as companions than less socially integrated individuals. For 551 
example, in male elephants, dominance hierarchies are constructed based on displacements 552 
at the waterhole, thus, being a dominant male often does not necessarily convey to others 553 
that an individual has knowledge about the social or physical environment. 554 
 555 
Socially integrated individuals were the most likely to initiate the departure period, but 556 
several other individuals initiated bouts within the events (Table 1, Fig. 3). Additionally, a 557 
majority of the individuals in the group participated in the bouts (Table 1), suggesting that 558 
the final decision of when to depart is shared in a consensus (Sueur & Petit 2008). Collective 559 
decision-making is thought to be more accurate than a decision made with a lack of 560 
consensus, since it’s based on the knowledge of many individuals (Conradt & Roper 2005). 561 
For our male groups, the individuals who participated in the vocal bouts were all at least 25 562 
years old (3Q age class; with the exception of individual #65; Table 2), all of whom would 563 
have decades of shared knowledge. Further, even the individuals who did not participate in 564 
the vocalizations (many of whom were mature adults) are considered to be part of the 565 
decision-making process just by following and “agreeing” non-vocally to the decision being 566 
made by the other individuals in the group (Conradt & Roper 2005). 567 
 568 
Interestingly, the pre-departure and departure periods did not significantly differ in 569 
duration,, and three of the seven events had longer departure times than pre-departure (Fig. 570 
4). In contrast to family groups where the matriarch has the most knowledge of the 571 
environment (McComb et al. 2001; McComb et al. 2011; Mutinda et al. 2011), the adult male 572 
elephants in our LGR groups likely all have similar repositories of environmental knowledge 573 
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and are independent adults. As such, the initiators of the departure likely have less “control” 584 
than a matriarch might have over her family group and might require the males to have 585 
longer periods of decision-making, contributing to our observed longer departure periods. 586 
Future research might focus on the degree to which group size, rumble rate, or level of 587 
bondedness might impact departure duration. 588 
 589 
We found a significant increase in the rate of rumbles and rumbles made within LGR 590 
cadenced call bouts in the departure versus the pre-departure period, where all events had 591 
zero rumbles in the pre-departure period. These results contrast with previous findings in 592 
female elephants where there were considerably more vocalizations made in the pre-593 
departure period (O'Connell-Rodwell et al. 2012) than we observed in the male groups. Male 594 
elephants are described as being less vocal overall than females (reviewed in Morris-Drake & 595 
Mumby (2017)), which likely explains why there were so many fewer vocalizations in the 596 
pre-departure period. Since there are many more individuals to have to rally, it makes sense 597 
that the females are more vocal in reaching consensus from other dominant females and 598 
their core families. It is interesting to note that between males and females, no matter how 599 
many are in the group, there always tended to be three callers on average per LGR cadenced 600 
call bout in response to the LGR. This suggests that male and female groups may have similar 601 
organizational principles of leadership and consensus. 602 
 603 
These results offer the first evidence of active leadership in male African elephants, whereby 604 
socially integrated and/or dominant individuals, actively determine the departure time for 605 
the group, just as matriarchs do. A leader, or active leader, is defined as one who solicits 606 
those to follow them and exerts social influence over a group by means of their dominance 607 
rank, social position, experience, or a specific behavior (King et al. 2009; Pyritz et al. 2011). 608 
In contrast, passive leadership occurs when an individual might be unintentionally leading 609 
(King et al. 2009; Pyritz et al. 2011), such as what was previously described in male elephants 610 
where younger individuals followed mature males (Allen et al. 2020). 611 
 612 
This coordination among males within highly associated groups begs the question of what 613 
advantage individuals might have in maintaining a group’s integrity over time and space. 614 
Maintaining bonds within groups strengthens group cohesion (de Waal 1986), which for 615 
social males, could facilitate coalition behavior, thus providing a competitive advantage over 616 
resources, such as scarce waterpoints in an arid environment. This competitive edge over 617 
adversaries might outweigh having to share resources with associates (Conradt & Roper 618 
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2000) and also reduces competition over scarce waterpoints (O'Connell-Rodwell et al. 2011). 625 
Finally, this behavior might benefit genetically related individuals involved in coordinated 626 
vocal departures, whereby shared social and environmental knowledge  could serve to 627 
enhance reproductive benefits. Further relatedness studies on associates may shed light on 628 
this possibility, but how individual males might discriminate paternity has not yet been 629 
documented. 630 
 631 
Finally, we found significant differences in rumble characteristics amongst individuals, 632 
supporting previous findings using similar methodologies (Stoeger & Baotic 2016; Wierucka 633 
et al. 2021). Our frequency 5% was extremely similar to Wierucka et al. (2021) and also fit 634 
within the range of the fundamental frequency previously reported (Baotic & Stoeger 2017; 635 
Poole et al. 1988; Stoeger & Baotic 2016). Further, our center frequency, duration, 636 
bandwidth, and frequency 95% fall within the range of those of Wierucka et al. (2021). 637 
These quantifiable differences in call structure between individuals is likely distinguishable 638 
by others within the cohort and could be used to keep track of who is calling at what 639 
distances to facilitate coordination while leaving the area. 640 
 641 
LGRs have sex-based differences, where the male rumbles tend to be relatively monotonic, 642 
like the females, but often with less frequency modulation (Fig. 1A) than female LGR calls 643 
measured at the same field site (Fig. 1, (O'Connell-Rodwell et al. 2012)). This may be due to 644 
the fact that the females can become very insistent within a dispute about a particular 645 
departure direction, thus modulation increases (O'Connell-Rodwell et al. 2012). When 646 
individuals do not respond to an LGR, the frequency modulation of the call tends to increase, 647 
often with an increase in dB as well, which is true for both males and females. In addition, 648 
the mean duration of the male LGR was four seconds (± 1.4), one second  longer than the 649 
average female LGR at this field site (O'Connell-Rodwell et al. 2012). The mean fundamental 650 
frequency for the males was 13.6 Hz (± 1.6 Hz), which is similar to the findings of Baotic & 651 
Stoeger (2017) where the females were slightly higher in frequency by 2-6 Hz.  652 
 653 
[Both let's go rumbles and rumbles within a bout of cadenced calling were significantly 654 
longer  (median 5.2 and 5.1 seconds respectively) than Etosha male or female rumbles in let's 655 
go cadenced bouts.] 656 
 657 
The harmonic structure differs in the male LGR and cadenced call bouts from those found in 658 
females at this site, as well as sites in Kenya, in that the dB level is relatively consistent 659 
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between the fundamental frequency (F0) and first two harmonics, and only slightly lower at 671 
formants F3 and F4, and then markedly lower only starting at F5. In the female LGR and 672 
cadenced calls, the F0 and F1 are consistent but the F2 and F3 are markedly weaker, with F4-673 
6 being higher in amplitude. 674 
 675 
It is also interesting to note that there is a difference between the female LGR structure in 676 
Etosha as compared with Amboseli, where F0, F1 and F2 are dominant, F3-4 have markedly 677 
lower amplitude, and F5-7 have lower but visible amplitude for Amboseli females (Poole 678 
2011), versus Etosha females, where F0 and F1 are dominant, F2-3 almost absent, with 679 
formants 4-6 present but weaker than F0-1 (O'Connell-Rodwell et al. 2012). The dB 680 
patterning is also different between the females at both study sites and would be interesting 681 
to compare in a future analysis for the possibility of a dialect between the two populations. 682 
 683 
It is also likely that the ‘let’s go” rumble differs acoustically from other vocalizations that 684 
male elephants produce, such as the musth rumble (Poole 2011; Poole et al. 1988), which 685 
tends to be a longer repeated call that does not elicit a response like LGR cadenced calls. 686 
Additionally, LGR cadenced calls can have more modulation, depending on motivation levels 687 
as compared with the contact calls described by (Poole 2011; Poole et al. 1988). The 688 
patterning of antiphony of the male LGR duets and LGR cadenced call bouts is very 689 
distinctive, warranting further research into the possibility of “language” in male elephants. 690 
 691 
 692 

Conclusions 693 
This study reports the first evidence of the use of vocal coordination in the departures of 694 
closely associated, male African elephants. We also provide the first evidence of active 695 
leadership in male elephants, whereby socially integrated individuals begin the departure 696 
period by actively recruiting their associate’s company during departure, using a “let’s go” 697 
vocalization. Most of the other group members participate in the decision making process, as 698 
far as the time and possibly the direction of the departure, similar to the negotiation of 699 
family groups (O'Connell-Rodwell et al. 2012, Poole 2011), contrasting previous findings of 700 
passive leadership in males, where older males appeared to be unintentionally leading 701 
subordinates to resources (Allen et al. 2020). 702 
 703 
These findings provide further support that mature males, and perhaps certain individuals 704 
such as those leading the LGR events here, are important for male elephant society (Allen et 705 
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al. 2020; Allen et al. 2021; Chiyo et al. 2011; Goldenberg et al. 2014; Lee et al. 2011; Slotow et 719 
al. 2000). Further studies are needed to understand the underlying advantages of such 720 
surprisingly coordinated vocal bouts within groups of male African elephants, the level of 721 
coordination and vocal manipulation, as well as conditions that evoke such behavior that has 722 
not yet been documented in other populations. 723 
 724 
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