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Abstract 17 
Mutual grooming, where both participants groom each other simultaneously, is a type of 18 
allogrooming and probably also plays an important role as a social and hygienic function; 19 
however, it has attracted little attention, probably due to its rarity compared to prevailing 20 
unidirectional grooming in many social animals, such as primate species. While previous 21 
studies have shown that mutual grooming has functional significance, such as promoting 22 
social bonds and maximising short-term benefits, we do not know why mutual grooming is 23 
much rarer than unidirectional grooming, and its restrictive factors have been mostly 24 
uninvestigated. In this paper, we propose a hypothesis of cognitive constraints in which 25 
cognitive complexity is assumed as an underpinning mechanism for mutual grooming, thereby 26 
restricting its prevalence across animal species. To achieve joint action and its symmetric 27 
nature, mutual grooming is considered to require behavioural coordination between 28 
participants, which could be facilitated by active communication and further by joint 29 
commitment based on a mutual understanding of intention between the two. The fact that 30 
joint commitment has been proved only in a limited number of animals may support this 31 
cognitive demandhypothesis, although it definitely calls for further in-depth investigation and 32 
comparative studies across primate and non-primate species.  33 
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  37 
Introduction 38 
Allogrooming is one of the joint actions observed in many mammals, serving hygienic and 39 
social functions, such as establishing and maintaining affiliative relationships and facilitating 40 
reciprocal exchange. Allogrooming, particularly in non-human primates, is considered to 41 
function similarly to vocal conversation in humans. Although vocal conversation in humans is 42 
more efficient and less restricted temporally and spatially than allogrooming, which requires 43 
physical interaction, Nakamura [1] indicated that chimpanzees (Pan troglodytes) achieve a 44 
mostly equivalent amount of social interactions to human conversation, thanks to their wide 45 
variety of grooming styles, sometimes involving multiple individuals engaging in grooming 46 
simultaneously. 47 

Allogrooming can be divided into two types: unidirectional grooming (A grooms B 48 
unilaterally) and mutual grooming (A and B groom each other simultaneously). These two 49 
have distinct cost and benefit structures. In unidirectional grooming, a groomee receives 50 
benefits, whereas a groomer incurs costs; a groomer may not receive immediate social benefits 51 
if the recipient does not reciprocate, although grooming may not be plainly costly as a groomer 52 
may also receive some benefits such as decreased stress levels [2]. Mutual grooming, on the 53 
other hand, involves partners engaging in grooming at the same time, enabling both partners 54 
to experience both costs and benefits simultaneously. 55 

Among non-human primates, mutual grooming is much less popular than 56 
unidirectional grooming. While mutual grooming is common in chimpanzees and ring-tailed 57 
lemurs, it is rare or non-existent in other primates [3, 4, 5, 6, 7]. Even in chimpanzees, 58 
grooming sessions mostly consist of unidirectional grooming, and mutual grooming is just 59 
additional. No primate species perform mutual grooming exclusively. Until now, little 60 
research and discussion has focused on mutual grooming, and the evolution and mechanisms 61 
of this social interaction have not been well understood. This paper explores the functional 62 
significance of mutual grooming, examines why it is rare despite its functional advantages, 63 
and proposes a hypothesis of cognitive constraints based on the proximity mechanisms 64 
underlying mutual grooming. 65 
  66 
Functional significance in mutual grooming  67 
Three hypotheses have been proposed to explain the possible functional significance of 68 
mutual grooming: the immediate investment hypothesis, the social bonding hypothesis, and 69 
the switching hypothesis. The immediate investment hypothesis posits that mutual grooming 70 



signals willingness to invest in grooming sessions and that longer and fairer grooming enables 71 
immediate payback and, therefore maximises short-term gains. Machanda et al. [5], using 16 72 
years of data from wild chimpanzees, supported this hypothesis by finding that grooming 73 
sessions with mutual grooming 1) were longer and more equitable than those without and 2) 74 
had more unidirectional grooming switches than those without. Allanic et al. [6] also found 75 
similar supporting results with 6 bonobos and 7 chimpanzees in captivity. Schino and 76 
Alessandrini [7] examined this hypothesis in a zoo setting with ring-tailed lemurs. Their 77 
findings indicated that they were less likely to terminate grooming if it was mutual grooming 78 
than if it was not, and that the average duration of mutual grooming episodes was significantly 79 
longer than that of unidirectional grooming episodes.  80 

The social bonding hypothesis assumes that mutual grooming promotes dyadic 81 
social bonds. This hypothesis is based on the idea that mutual grooming, in contrast to 82 
unidirectional grooming, requires active cooperation among participants. Therefore, mutual 83 
grooming is a suitable indicator of strong social bonds between partners. Boesch and Boesch-84 
Achermann [8] observed regional differences in chimpanzee mutual grooming, proposing 85 
that frequent mutual grooming in areas with high intergroup conflicts helps maintain male 86 
group cohesion. Fedurek and Dunbar [3] studied a group of 32 zoo-housed chimpanzees and, 87 
found that dominant individuals demonstrated more tolerance toward individuals who 88 
engaged in mutual grooming than those who had engaged only in unidirectional grooming. 89 
They also showed less frequent rejection of grooming with mutual grooming partners than 90 
with unidirectional grooming partners. In addition, they frequently engaged in mutual 91 
grooming with kin and socially close individuals. These results support the social bonding 92 
function of mutual grooming. Furthermore, Yamanashi et al [9] examined social interactions 93 
among 37 captive chimpanzees, and found a negative correlation between the proportion of 94 
aggressive interactions and the proportion of mutual grooming, which also suggests a positive 95 
link between mutual grooming and affiliative relationships. Therefore, it is plausible that 96 
mutual grooming has some advantages for social bonding, although this should be 97 
investigated further as some previous studies have raised questions about this hypothesis by 98 
reporting non-significant relationships between mutual grooming and measures of social 99 
bonding in both wild and captive chimpanzees [5, 6].  100 

The switching hypothesis (or null hypothesis) states that mutual grooming has no 101 
specific function and, merely results from the coincidental overlap of unidirectional grooming 102 
[4]. If this hypothesis is correct, it is predicted that 1) grooming sessions would rarely initiate 103 
from mutual grooming, 2) the role of groomer and groomee would switch before and after 104 
mutual grooming (A→B, A⇆B, A←B, but not A→B, A⇆B,  A→B), and 3) the duration of 105 
mutual grooming would be relatively short. However, Machanda et al [5], Schino and 106 



Alessandrini [7], and Allanic et al [6] did not support this hypothesis in chimpanzees and 107 
captive bonobos and lemurs, although in bonobos, which demonstrate much less mutual 108 
grooming than chimpanzees [10], their infrequent mutual grooming might align with this 109 
switching hypothesis at least under wild environment. 110 
  111 
The rarity of mutual grooming and its possible constraints: The Cognitive Demand 112 
Hypothesis 113 
Despite the functional significance and efficiency of mutual grooming, why is it less common 114 
compared to unidirectional grooming in non-human primates and why does its frequency vary 115 
greatly among species? One explanation is that the fission-fusion social dynamics may 116 
facilitate mutual grooming [11]. Species characterised by fission-fusion society, like 117 
chimpanzees, may experience unpredictable separations between interacting individuals, 118 
where the imbalance of benefit and cost inherent in unidirectional grooming might not be 119 
reciprocated, leading to the risk of one individual bearing only the cost. Therefore, mutual 120 
grooming, which secures immediate reciprocity, might be more frequent in these species. 121 
However, this explanation does not fully correspond to the fact that some non-fission-fusion 122 
species, like ring-tailed lemurs, show mutual grooming, whereas some fission-fusion species, 123 
such as Geoffroy’s spider monkey, do not [12]. More importantly, this can explain why fission-124 
fusion species develop mutual grooming but cannot explain why other species do not 125 
demonstrate mutual grooming despite its functional benefits. This also does not explain the 126 
difference in the rate of mutual grooming between chimpanzees and bonobos that both have 127 
fission-fusion societies [6]. 128 

Then, what factors limit mutual grooming? Nakamura [1] briefly mentioned the 129 
possibility that mutual grooming, where the participant is both an actor and a recipient 130 
simultaneously, may require certain cognitive abilities, which could explain its rarity in non-131 
human primates. To date, however, no further in-depth discussions or investigations 132 
regarding the cognitive abilities required for mutual grooming have been conducted. In this 133 
study, we propose the hypothesis that mutual grooming as a cooperative joint action requires 134 
highly sophisticated cognitive abilities that restrict the prevalence of mutual grooming across 135 
animal species. In humans, in particular, many joint actions can be achieved by participants’ 136 
sharing intentions, coordinating actions, and experiencing mutual obligations to perform joint 137 
actions [13]. This sense of mutual obligation in joint actions is referred to as joint 138 
commitment and is considered a crucial cognitive process underlying human cooperation [14]. 139 
This cognitive process may also be essential for mutual grooming among non-human animals. 140 
Mutual grooming, by definition, requires both parties to participate actively; thus, it is 141 
naturally assumed that it is not achieved or is easily collapsed if there is an imbalance in the 142 



motivation to participate between the two. In other words, mutual grooming should not be 143 
based on a unilateral desire to groom but requires mutual agreement or coordination. In this 144 
sense, mutual grooming seems distinctive from some other joint activities, such as coalitional 145 
aggression and joint mobbing of predators that could be achieved to some extent even without 146 
mutual agreement or coordination between individuals. This situation, where cognitively 147 
demanding mutual agreement or coordination, is required for mutual grooming is considered 148 
to occur particularly in social animals, such as group-living primates, that have a clear 149 
hierarchical dominance structure in which commonly the lowest ranking individual of the 150 
dyads grooms the higher-ranking individual more than the reverse. Due to this imbalance 151 
between two individuals, regarding mutual grooming, they need to align their motivation 152 
regardless of the rank difference and social distance between partners. Therefore, it is possible 153 
that more active behavioural coordination and careful agreement may be required for 154 
successful mutual grooming in pairs with greater rank differences or greater social distance. 155 

Mutual grooming also has some other distinctive characteristics, such as demanding 156 
close proximity and direct face-to-face contact between the two, which increases the cost of 157 
grooming compared to unidirectional grooming [3]. It has also been suggested that, in general, 158 
eye contact and face-to-face contact in close proximity could function as threats or act as 159 
signals of dominance in many non-human primates, and that direct physical aggression could 160 
easily occur [15]. This tendency is particularly pronounced in primate species with a clear 161 
dominance structure [15]. Due to this costly nature, participants must coordinate their 162 
willingness to participate with their partners, especially when their motivation or physical 163 
demands differ between them, although this issue could be solved to some extent without 164 
cognitively demanding coordination in socially tolerant or egalitarian species or animals that 165 
can avoid the face-to-face or eye-contact situation during mutual grooming.  166 

Thus, in general, the cognitive requirement for joint commitment may restrict 167 
mutual grooming among non-human animals. It has previously been suggested that a sense 168 
of joint commitment is a human unique trait [16], and only a limited number of non-human 169 
species, if any, such as chimpanzees, may experience it or something similar [17, 18]. Heesen 170 
et al [17] examined the structure of social play and grooming in chimpanzees and bonobos, 171 
identifying "entry" and "ending" phases, marked by mutual gaze and signals before and after 172 
joint actions, similar to human interactions. They found that rank differences had no effect 173 
on these actions. However, a slight negative correlation was observed between social bond 174 
strength and interactions with signals in bonobos. In a related study [18], the authors explored 175 
joint commitment by analysing continuity in grooming or play after interruptions. Results 176 
indicated that grooming was often resumed from the same body part or activity, showing 177 
persistence in joint actions. Social bonds did not influence this resumption, suggesting that 178 



relationship quality does not determine the likelihood of resuming joint actions but may 179 
influence communication during interruptions. The findings of these two studies indicate that 180 
the sense of joint commitment is not unique to humans and that this may serve as a basis for 181 
joint action like mutual grooming in these animals; however, we can still assume that this 182 
cognitive requirement cannot be achieved in many non-human animals, which may explain 183 
the rarity of mutual grooming.  184 

We propose the cognitive demand hypothesis as one of plausible explanations for the 185 
rarity of mutual grooming but, not as either a necessary or sufficient condition. We must keep 186 
in mind that this hypothesis alone cannot explain all the factors that contribute to the rarity 187 
of mutual grooming. Among primates, mutual grooming is relatively common in bonobos, 188 
chimpanzees and ring-tailed lemurs. Many previous studies have shown that bonobos and 189 
chimpanzees are closely related to humans and have advanced cognitive abilities similar to 190 
humans, such as joint commitment. Therefore, the prevalence of mutual grooming in the two 191 
species could be explained by the cognitive demand hypothesis. On the other hand, ring-tailed 192 
lemurs are phylogenetically very distant from great apes, have a very small brain, and their 193 
cognitive abilities are unlikely to be comparable to those of apes. It is possible that ring-tailed 194 
lemurs engage in mutual grooming in a more automatic or obligatory way without social 195 
coordination, although we have not yet developed a way to distinguish between mutual 196 
grooming with and without advanced cognition.  One of the differences in mutual grooming 197 
between apes (chimpanzees and bonobos) and ring-tailed lemurs is the physical form involved 198 
in it. While chimpanzees and bonobos predominantly use their hands with support of 199 
occasional use of mouth for grooming, ring-tailed lemurs frequently use their mouths in 200 
addition to their hands when grooming. The front teeth of the ring-tailed lemur are slightly 201 
skewed forward, which is suitable for grooming. Mouth-using grooming may have the 202 
potential to avoid the costly situation of face-to-face and direct eye contact in close distance, 203 
which might be key for lemurs to achieve mutual grooming even without highly sophisticated 204 
social cognition. 205 

At this stage, it may be reasonable to consider that several factors, such as social 206 
system, along with the cognitive one, could interact and cause significant variation in the 207 
frequency of mutual grooming. As noted above, both chimpanzees and bonobos engage in 208 
mutual grooming, although chimpanzees engage in it more frequently [6]. This species 209 
difference shows a similar trend to the species difference in polyadic grooming, which 210 
requires participants to be both actor and receiver simultaneously as in mutual grooming. It 211 
has been suggested that differences in polyadic grooming frequency may result from 212 
differences in the need for cooperation between these species. Chimpanzees are more likely 213 
to engage in cooperative behaviours in groups, such as hunting and territorial defence, than 214 



bonobos [19], and polyadic grooming may help strengthen existing social relationships for 215 
these cooperative behaviours to be successful [20]. This may also differentiate mutual 216 
grooming between these two species. Furthermore, even within a species, the frequency of 217 
mutual grooming may vary across environments. In bonobos, the frequency of mutual 218 
grooming is much higher in captive compared to wild [6]. Thus, the rarity of mutual grooming 219 
and interspecies differences in the frequency of mutual grooming are likely to be influenced 220 
by various factors, not just the need for cognitive skills, 221 
 222 
Future directions 223 
We propose the cognitive demand hypothesis for the evolution of mutual grooming across 224 
species. This hypothesis posits that the complexity of cognitive mechanisms involved in 225 
mutual grooming affects its overall rarity across animal species. To test this hypothesis, we 226 
need to resolve the following unsolved problems. First, we must develop research or reanalysis 227 
that especially focus on mutual grooming by distinguishing it from unidirectional grooming. 228 
These two concepts can be diverged in terms of their mechanisms and functions because 229 
mutual grooming may require joint commitment among participants, whereas unidirectional 230 
grooming may require cognition for reciprocity to secure benefits. However, most previous 231 
studies on grooming have not explicitly distinguished between the two types of grooming, 232 
with much less emphasis on mutual grooming, thus lacking important basic data on the 233 
existence or frequency of mutual grooming in many animals. This has hampered our specific 234 
discussion of how non-human animals achieve this potentially important joint action. 235 

Second, we need to make further in-depth investigation on communication and 236 
interaction between participants before, during and after mutual grooming. If this hypothesis 237 
is correct, animals that engage in mutual grooming should have an ability to experience joint 238 
commitment similar to that seen in human joint action [16, 17]. Specifically, the following 239 
outcomes are expected: 1) Before, during, and after mutual grooming, communication signals 240 
are observed to facilitate the exchange of intentions and the behaviour coordination in species 241 
that demonstrate frequent mutual grooming, and the frequency and duration of these signals 242 
are contingent upon the social dimension of the pairs. 2) When joint action is interrupted for 243 
some reason, partners are expected to re-engage in this activity as a continuation of joint 244 
commitment; thus, this re-engagement should be more frequent in mutual grooming than in 245 
unidirectional grooming. Further empirical studies are expected.  246 

Third, further comparative studies are required to understand the evolution of 247 
mutual grooming. As discussed above, comparisons among primate species with quantitative 248 
data on mutual grooming will surely enhance our understanding of factors soliciting or 249 
constraining mutual grooming. For example, understanding if some species are obligatory 250 



mutual groomers may suggest an alternative and simple cognitive mechanism that being 251 
groomed requires grooming in return. We would also emphasise the importance of broader 252 
comparative viewpoints involving other non-primate species. To date, systematic interspecies 253 
comparisons have been lacking, with only sporadic studies on primates and almost none 254 
involving non-primate species. Here, we propose the possibility of interspecies comparisons 255 
with equines as an example. We think equines are one of the desirable targets for this 256 
investigation in that while their mutual grooming appears obligatory due to their grooming 257 
form and grooming frequency, they have highly sophisticated social cognitive abilities. 258 
Equines perform the majority of allogrooming through mutual grooming (e.g., horses (Equus 259 
caballus) [21]) (Figure1). Many equine species are highly social animals, with some species 260 
building complex social structures such as multiple societies [22, 23]. Additionally, highly 261 
sophisticated social cognitive abilities, which are sometimes comparable to those of apes, have 262 
been recognised in horses [24, 25], and even joint commitment may be present during 263 
behavioural coordination in plain zebras [26]. Consequently, it is possible that mutual 264 
grooming among equines is facilitated by their high social cognitive abilities, suggesting the 265 
establishment of advanced cooperative relationships through joint commitment. In addition, 266 
interspecies comparisons with horses may help identify factors that distinguish true cognitive 267 
mutual grooming from obligatory grooming. Comparative studies across mammals, either 268 
with or without mutual grooming, may provide insights into the evolutionary origins of mutual 269 
grooming and joint commitment, as well as the origins of co-operative societies, by linking 270 
differences in cognitive traits and social structure across species with differences in variation 271 
in mutual grooming.  272 
  273 
< insert Figure 1 here> 274 
  275 

In conclusion, mutual grooming is an interesting and important social behaviour 276 
with respect to its function and proximate mechanisms, yet it remains mostly underexplored. 277 
While there has been not so much quantitative data that specifically focus on mutual grooming, 278 
mutual grooming itself is relatively rare among primate specie. We posit the cognitive demand 279 
hypothesis as potential explanation of this phenomenon, or more precisely, to explain how 280 
animals are able to achieve mutual grooming, a grooming style which is efficient but costly. 281 
This could be a good first step for cultivating this novel research area and attracting 282 
researchers’ attention to this interesting but underexplored mutual grooming. Testing this 283 
hypothesis could not only promote our understanding of the limiting factors influencing the 284 
rarity of mutual grooming, but also provide new perspectives on the evolution of cooperation 285 
that has been considered unique to humans. We hope this attempt will enhance future 286 



research to clarify the detailed characteristics of grooming in each species, thereby promoting 287 
investigation from the perspectives of cognitive mechanisms, in-depth behavioural analyses, 288 
and interspecies comparisons. 289 
 290 
Fundings 291 
This study was financially supported by JSPS KAKENHI (22H04451 to SY) and JST FOREST 292 
program (JPMJFR221I to SY). 293 
 294 
 295 
 296 
 297 
 298 
References 299 
1. Nakamura, M. (2000). Is human conversation more efficient than chimpanzee 300 

grooming?: Comparison of clique sizes. Human Nature, 11(3), 281–297. 301 
https://doi.org/10.1007/s12110-000-1014-2 302 

2. Shutt K, MacLarnon A, Heistermann M, Semple S. (2007). Grooming in Barbary 303 
macaques: better to give than to receive?. Biology Letters, 3(3), 231-3. https://doi-304 
org.kyoto-u.idm.oclc.org/10.1098/rsbl.2007.0052 305 

3. Fedurek, P., Dunbar, R. I. M., & for the British Academy Centenary Research Project. 306 
(2009). What Does Mutual Grooming Tell Us About Why Chimpanzees Groom? 307 
Ethology, 115(6), 566–575. https://doi.org/10.1111/j.1439-0310.2009.01637.x 308 

4. Nakamura, M. (2003). ‘ Gatherings’ of social grooming among wild chimpanzees: 309 
implications for evolution of sociality, Journal of Human Evolution, 44(1), 59-71. 310 
https://doi.org/10.1016/S0047-2484(02)00194-X 311 

5. Machanda, Z. P., Gilby, I. C., & Wrangham, R. W. (2014). Mutual grooming among adult 312 
male chimpanzees: The immediate investment hypothesis. Animal Behaviour, 87, 165–313 
174. https://doi.org/10.1016/j.anbehav.2013.10.028 314 

6. Allanic M, Hayashi M, Matsuzawa T. (2020). Investigating the Function of Mutual 315 
Grooming in Captive Bonobos (Pan paniscus) and Chimpanzees (Pan troglodytes). Folia 316 
Primatological, 91(5), 481-494. https://doi-org.kyoto-317 
u.idm.oclc.org/10.1159/000506308 318 

7. Schino, G., & Alessandrini, A. (2018). Mutual grooming functions to prolong grooming 319 
received in ringtailed lemurs. Animal Behaviour, 146, 31–35. 320 
https://doi.org/10.1016/j.anbehav.2018.09.006 321 

8. Boesch, C., & Boesch-Achermann, H. (2000). The Chimpanzees of the Taï Forest: 322 

https://doi.org/10.1007/s12110-000-1014-2
https://doi.org/10.1016/S0047-2484(02)00194-X
https://doi-org.kyoto-u.idm.oclc.org/10.1159/000506308
https://doi-org.kyoto-u.idm.oclc.org/10.1159/000506308
https://doi.org/10.1016/j.anbehav.2018.09.006


Behavioural Ecology and Evolution. Oxford, UK: Oxford University Press 323 
9. Yamanashi, Y., Nogami, E., Teramoto, M., Morimura, N., & Hirata, S. (2018). Adult-324 

adult social play in captive chimpanzees: Is it indicative of positive animal welfare? 325 
Applied Animal Behaviour Science, 199, 75–83. 326 
https://doi.org/10.1016/j.applanim.2017.10.006 327 

10. Sakamaki, T. (2013). Social grooming among wild bonobos (Pan paniscus) at Wamba in 328 
the Luo Scientific Reserve, DR Congo, with special reference to the formation of 329 
grooming gatherings. Primates, 54(4), 349–359. https://doi.org/10.1007/s10329-013-330 
0354-6 331 

11. Newton-Fisher, N. E., & Lee, P. C. (2011). Grooming reciprocity in wild male 332 
chimpanzees. Animal Behaviour, 81(2), 439–446. 333 
https://doi.org/10.1016/j.anbehav.2010.11.015 334 

12. Ahumada, J. A. (1992). Grooming behavior of spider monkeys (Ateles geoffroyi) on barro 335 
colorado Island, Panama. International Journal of Primatology, 13(1), 33–49. 336 
https://doi.org/10.1007/BF02547726 337 

13. Tomasello M., Carpenter M., Call J., Behne T., & Moll H. (2005). Understanding and 338 
sharing intentions: The origins of cultural cognition. Behavioral and Brain Sciences, 28(5), 339 
675-691. https://doi.org/10.1017/s0140525x05000129 340 

14. Gilbert M. (1999). Obligation and Joint Commitment. Utilitas, 11(2), 143–163. 341 
https://doi.org/10.1017/S0953820800002399 342 

15. Harrod, E.G., Coe, C.L. & Niedenthal, P.M. (2020). Social Structure Predicts Eye Contact 343 
Tolerance in Nonhuman Primates: Evidence from a Crowd-Sourcing Approach. Sci Rep, 344 
10, 6971. https://doi.org/10.1038/s41598-020-63884-x 345 

16. Tomasello M. (2020). The moral psychology of obligation. Behavioral and Brain Sciences, 346 
43, e56. https://doi.org/10.1017/S0140525X19001742 347 

17. Heesen, R., Bangerter, A., Zuberbühler, K., Iglesias, K., Neumann, C., Pajot, A., 348 
Perrenoud, L., Guéry, J.-P., Rossano, F., & Genty, E. (2021). Assessing joint commitment 349 
as a process in great apes. iScience, 24(8), 102872. 350 
https://doi.org/10.1016/j.isci.2021.102872 351 

18. Heesen, R., Zuberbühler, K., Bangerter, A., Iglesias, K., Rossano, F., Pajot, A., Guéry, J.-352 
P., & Genty, E. (n.d.). Evidence of joint commitment in great apes’ natural joint actions. 353 
Royal Society Open Science, 8(12), 211121. https://doi.org/10.1098/rsos.211121 354 

19. Brooks, J., & Yamamoto, S. (2022). The evolution of group-mindedness: comparative 355 
research on top-down and bottom-up group cooperation in bonobos and 356 
chimpanzees. Current Opinion in Behavioral Sciences, 47, 101205. 357 
https://doi.org/10.1016/j.cobeha.2022.101205 358 

https://doi.org/10.1016/j.applanim.2017.10.006
https://doi.org/10.1017/S0953820800002399
https://doi.org/10.1017/S0140525X19001742
https://doi.org/10.1016/j.isci.2021.102872
https://doi.org/10.1098/rsos.211121
https://doi.org/10.1016/j.cobeha.2022.101205


20. Girard-Buttoz, C., Surbeck, M., Samuni, L., Boesch, C., Fruth, B., Crockford, C., 359 
Hohmann, G., & Wittig, R. M. (2020). Variable use of polyadic grooming and its effect 360 
on access to social partners in wild chimpanzees and bonobos. Animal Behaviour, 168, 361 
211–224. https://doi.org/10.1016/j.anbehav.2020.08.021 362 
 363 

21. Feh, C., & de Mazières, J. (1993). Grooming at a preferred site reduces heart rate in horses. 364 
Animal Behaviour, 46(6), 1191–1194. https://doi.org/10.1006/anbe.1993.1309 365 

22. Maeda, T., Ochi, S., Ringhofer, M., Sosa, S., Sueur, C., Hirata, S., & Yamamoto, S. (2021). 366 
Aerial drone observations identified a multilevel society in feral horses. Scientific Reports, 367 
11, 71. https://doi.org/10.1038/s41598-020-79790-1 368 

23. Rubenstein, D. I. & Hack, M. Ecology and social structure of the Gobi khulan Equus 369 
hemionus subsp. in the Gobi B National Park, Mongolia. (2004). In Sexual Selection in 370 
Primates: New and Comparative Perspectives, 101(1), 266–279. 371 
https ://doi.org/10.1017/CBO97 372 

24. Proops, L., McComb, K., & Reby, D. (2009). Cross-modal individual recognition in 373 
domestic horses (Equus caballus ). Proceedings of the National Academy of Sciences, 374 
106(3), 947–951. https://doi.org/10.1073/pnas.0809127105 375 

25. Ringhofer, M., & Yamamoto, S. (2017). Domestic horses send signals to humans when 376 
they face with an unsolvable task. Animal Cognition, 20(3), 397–405. 377 
https://doi.org/10.1007/s10071-016-1056-4 378 

26. Hex, S. B. S. W., & Rubenstein, D. I. (2024). “A visual signal to achieve joint attention in 379 
wild plains zebras, Equus quagga”: Erratum. Animal Behaviour, 215, 281. 380 
https://doi.org/10.1016/j.anbehav.2024.07.013 381 

  382 

https://doi.org/10.1016/j.anbehav.2020.08.021


Figure caption 383 
Figure 1. Horses’ mutual grooming: they almost always groom each other simultaneously. 384 
How they achieve this joint coordination should be investigated.  385 
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