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SUMMARY
Researchers investigating the evolution of human aggression look to our closest living relatives, bonobos
(Pan paniscus) and chimpanzees (Pan troglodytes), as valuable sources of comparative data.1,2 Males in
the two species exhibit contrasting patterns: male chimpanzees sexually coerce females3–8 and sometimes
kill conspecifics,9–12 whereas male bonobos exhibit less sexual coercion13,14 and no reported killing.13

Among the various attempts to explain these species differences, the self-domestication hypothesis pro-
poses negative fitness consequences of male aggression in bonobos.2,15,16 Nonetheless, the extent to which
these species differ in overall rates of aggression remains unclear due to insufficiently comparable observa-
tion methods.17–23 We used 14 community-years of focal follow data—the gold standard for observational
studies24—to compare rates of male aggression in 3 bonobo communities at the Kokolopori Bonobo
Reserve, Democratic Republic of Congo, and 2 chimpanzee communities at Gombe National Park, Tanzania.
As expected, given that females commonly outrank males, we found that bonobos exhibited lower rates of
male-female aggression and higher rates of female-male aggression than chimpanzees. Surprisingly, we
found higher rates of male-male aggression among bonobos than chimpanzees even when limiting analyses
to contact aggression. In both species,more aggressivemales obtained highermating success. Although our
findings indicate that the frequency of male-male aggression does not parallel species difference in its inten-
sity, they support the view that contrary to male chimpanzees, whose reproductive success depends on
strong coalitions, male bonobos have more individualistic reproductive strategies.25
RESULTS

Rates of aggression
We compared rates of aggression based on dyadic interactions

among individuals R12 years old, including contact aggression

(physical contact between the aggressor and the victim) and

non-contact aggression (such as charging and chasing) for 12

male bonobos and 14 male chimpanzees. During 2,047 h of focal

follows of male bonobos, observers recorded 521 aggressive in-

teractions among identified adults (median = 0.24 acts/h, range =

0.14–0.45 acts/h), 77 of which (14.8%) involved contact aggres-

sion (median = 0.039 acts/h, range = 0.0090–0.064 acts/h). In

chimpanzees, during 7,309 h of male focal follows, observers re-

corded 654 aggressive interactions among identified adults (me-

dian = 0.085 acts/h, range = 0.039–0.13 acts/h), 99 of which

(15.1%) involved contact aggression (median = 0.013 acts/h,

range = 0.00–0.025 acts/h). Thus, despite the substantial evi-

dence that aggression among male bonobos is less severe than

among male chimpanzees, aggressive acts involving focal-males

occurred 2.8 times more frequently in bonobos than in
chimpanzees, a figure that remains 3.0 times higher for bonobos

when considering only contact aggression (Figures 1 and 2).

Aggressive acts among bonobos consisted of those among

males (‘‘focal-male/male’’: n = 176, 33.8% of cases, median =

0.082 acts/h, range = 0.00–0.30 acts/h; ‘‘male/focal-male’’: n =

247, 47.4% of cases, median = 0.11 acts/h, range = 0.00–0.41

acts/h) and those among males and females (‘‘focal-male/fe-

male’’: n = 16, 3.1% of cases, median = 0.0046 acts/h, range =

0.00–0.027 acts/h; ‘‘female/focal-male’’: n = 82, 15.7% of

cases, median = 0.028 acts/h, range = 0.00–0.14 acts/h). Chim-

panzee aggression occurred among interactants as follows:

focal-male/male: n = 196 (30.0% of cases, median = 0.017

acts/h, range = 0.00–0.057 acts/h); focal-male/female:

n = 211 (32.3% of cases, median = 0.020 acts/h, range = 0.01–

0.052 acts/h); male/focal-male: n = 235 (35.9% of cases,

median = 0.034 acts/h, range = 0.010–0.057 acts/h), and fe-

male/focal-male: n = 12 (1.8% of cases, median = 0.00 acts/h,

range = 0.00–0.0067 acts/h).

Given the large variation in patterns of aggression among

males in both species (Figure 2), pooling aggression across
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Figure 1. Rates of aggression per commu-

nity in bonobos (white) and chimpanzees

(gray)

Gray represents the chimpanzee communities (e.g.,

Kasekela and Mitumba), white represents bonobo

communities (e.g., Ekalakala, Kokoalongo, Fekako)

for the following categories of interactants: (A) focal-

male/male; (B) male/focal-male; (C) focal-

male/female; and (D) female/focal-male.

Note that the scale of the vertical axis varies among

panels to clearly depict the range of variation (see

also Data S1).
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individuals and categories of interactants might produce

misleading results. We therefore analyzed species differences

in aggression by building a set of 4 models, one for each cate-

gory of aggression, using GLMMs with Poisson error structure.

We used the number of aggressive events as the response var-

iable and species as the predictor variable while controlling for

party size. We found that among bonobos, male-male aggres-

sion occurred more frequently (focal-male/male: b[species:

chimpanzee] = �1.21, 95% CI = [�2.00, �0.408]; male/focal-

male: b[species: chimpanzee] = �1.30, 95% CI = [�2.18,

�0.416]) than in chimpanzees. Focal-male chimpanzees acted

aggressively against females more often than bonobos (b[spe-

cies: chimpanzee] = 0.797, 95% CI = [0.157, 1.44]) and experi-

enced lower rates of aggression from females (b[species: chim-

panzee] = �3.24, 95% CI = [�4.26, �2.22]) (Figures 1 and 2).

Because lethal aggression is more frequent among chimpan-

zees than bonobos, sub-lethal contact aggression might also be

more frequent among chimpanzees. We therefore re-ran our

models using only contact aggression, which revealed the same

pattern as the initial models. To rule out potential influences of

the long-lasting between-community encounters in bonobos on

rates of aggression, we repeated our models with all aggression

categories, using only data outside intergroup encounters, which

mirrored results from the initial models.

Coalitionary behavior
Previous studies have reported that coalitions among males form

more frequently in chimpanzees than bonobos.17,26 Given that the

prevalence ofmale coalitions likely affects howmales use aggres-

sion against each other, we tested for species differences in coa-

lition formation in our sample, examining interactions in which the

focal was the aggressor. We applied a GLMMwith a binomial dis-

tribution with the presence/absence of coalition as the response

variable and species as the predictor variable. We found that

male chimpanzees engaged in coalitionary aggressionmore often

than bonobos (b[species: chimpanzee] = 2.94, 95% CI = [1.12,

4.76]), even though one of our chimpanzee communities (Mi-

tumba) had only two males, and thus formed coalitions only

against females. In our bonobo dataset, only 2 aggressive acts

by the focal-male involved male coalitions, representing 1.0% of

cases (n = 2/192; Ekalakala: 1.98%, Kokoalongo: 0%, Fekako:

0%; focal-male/male: n = 2 coalitions; focal-male/female:
2 Current Biology 34, 1–6, April 22, 2024
n = 0 coalitions) compared to 13.2% of

cases for chimpanzees (n = 54/407; Mi-

tumba: 3.22%, Kasekela: 20.2%; focal-
male/male: n = 25 coalitions; focal-male/female: n = 29

coalitions).

Aggression and copulation rate
Females of both species exhibit sexual swellings, which provide

visual signals indicating the likelihood of ovulation.27 Although

the visual signal is less precise in bonobos,27,28 males of both

species compete for mating with maximally tumescent fe-

males.7,23,29–31 In both species, we tested the extent to which

focal male aggression affected each male’s rate of copulation

with maximally tumescent females. We applied a Poisson

GLMM with the number of copulations of the focal-male with

maximally tumescent females as the response variable and the

number of aggressive events during which the focal was the

aggressor as the predictor variable, while controlling for party

size. We found that more aggressive males obtained more

copulations with maximally tumescent females in chimpanzees

(b = 0.0753, 95% CI = [0.00259, 0.148]). However, for bonobos,

although the parameter estimate was positive, the 95% CI

included zero (b = 0.0800; 95% CI = [�0.0187; 0.179]). Restrict-

ing analysis to contact aggression, males obtainedmore copula-

tions in both chimpanzees (b = 0.202, 95% CI = [0.0358, 0.369])

and bonobos (b = 0.445, 95% CI = [0.0379, 0.852]).

DISCUSSION

Our finding of higher rates of male-male aggression among Ko-

kolopori bonobos compared to Gombe chimpanzees, solely

based on focal-male interactions, contrasts with previous com-

parisons based on all-occurrences data,17,23 whichwere consid-

ered to support the self-domestication hypothesis.2,32 This hy-

pothesis proposes that selection against aggression in male

bonobos has resulted in a correlated suite of differences be-

tween the two Pan species, similar to the outcome of selective

breeding in domesticated animals.2,15,16,32

Nonetheless, some of our findings support predictions of the

self-domestication hypothesis. Specifically, compared to chim-

panzees, male bonobos direct less aggression towards females.

This result aligns with previous findings that male bonobos rarely

use coercive mating strategies despite being the larger sex. It

also aligns with females occupying higher dominance ranks

within communities,13,14 which further explains why male



Figure 2. Rates of aggression in bonobos

(open symbols) and chimpanzees (filled sym-

bols)

Symbols show the mean rate of aggression (acts

per h of observation) for each focal-male chim-

panzee (Mitumba: filled circles [d]; Kasekela: filled

squares [-]) and bonobo (Ekalakala: open squares

[,]; Kokoalongo: open circles [B]; Fekako: open

triangles [D]) for the following categories of in-

teractants: (A) focal-male/male; (B) male/focal-

male; (C) focal-male/female; and (D) female/

focal-male.

Vertical lines represent the standard error. Note that

the scale of the vertical axis varies among panels to

clearly depict the range of variation (see also Data

S1 and Tables S1 and S2).
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bonobos receive more aggression from females.13,14 Nonethe-

less, our findings of higher rates of male-male aggression in bo-

nobos indicate that aggression remains an important part of the

behavioral repertoire.

The self-domestication hypothesis argues that in bonobos,

‘‘male aggression towards females and other males hurts

fitness’’ (Hare et al., p. 574).15 Behavioral ecologists view

aggression as a strategy used to obtain fitness benefits when

assessment indicates the benefits will outweigh the costs.33

Male reproductive success depends primarily on gaining mating

opportunities with females.34 Although our findings challenge

expectations that bonobos invariably act less aggressively

than chimpanzees, they align with findings from field and captive

studies indicating that male bonobos compete aggressively for

reproductive opportunities. Male bonobos, compared to chim-

panzees, exhibit higher reproductive skew35 and steeper, more

despotic dominance hierarchies,36 both traditional indices of

reproductive competition. Studies have consistently found that

in bonobos,29,30,37 like chimpanzees,3,7,23,31,38,39 high-ranking

males both exhibit overall higher rates of aggression and obtain

more mating success than their lower-ranking, less aggressive

counterparts. Further, published data on the paternity success

of bonobos from Kokolopori show that 80% percent of offspring

sired by the males studied here are from the 2 males with the

highest rates of contact aggression.35 Consequently, it appears

that male bonobos exhibiting high rates of aggression obtain

fitness benefits.

Our findings indicate that rates of different forms of aggression

do not co-vary between the species. Previous studies showed

that severe male aggression, particularly lethal aggression within

and between communities, is prevalent in chimpanzees but

absent in bonobos.2,15,16,32 Male chimpanzees ubiquitously

exhibit aggressive behavior toward males of neighboring groups

and cooperate in lethal raids to expand territory,40 and in

some populations kill infants41–43 and adults44–47 of their own
communities. In contrast, no confirmed kill-

ings have been reported for bonobos. Dur-

ing bonobo intergroup encounters, male

aggression rates increase,29,48 but mem-

bers from different communities can stay

together for several days, engaging in affili-

ative and cooperative behaviors.13,49–53 We
lack data on rates of wounding for bonobos, but evidence from

museum specimens indicates higher rates of trauma chimpan-

zees than bonobos.54 Consequently, differential selection on the

intensity of aggression remains a potential factor in the evolution

of differences between the species.

Considering evolutionary game theory, in the classic Hawk-

Dove game, increasing the cost of fighting reduces the fre-

quency of playing the aggressive Hawk strategy.55 Conse-

quently, higher potential costs of aggression leading to severe

and possibly lethal injuries might reduce the overall frequency

of aggression used during within-group competition in chimpan-

zees. A related potential explanation for the species difference in

costs of aggression concerns differences in coalition formation.

Althoughmale chimpanzees often rely onmale coalition partners

to attain and maintain high dominance rank and to succeed in

intergroup competition,8,56,57—defending a feeding territory for

themselves, their mates, and offspring,58–60—bonobos rarely

form male coalitions.17,26 Coalitions among male chimpanzees

potentially raise aggression costs in two ways. First, coalitions

potentially increase the costs of provoking fights because oppo-

nents can recruit allies; severe injuries or death may result when

one side greatly outnumbers the other. Second, insofar as male

chimpanzee fitness depends on strong coalitions for territory de-

fense, fights within-community can prove costly as they under-

mine collective action. The variation in patterns of aggression

and coalition formation between the species indicates that

male bonobos adopt more individualistic strategies, whereas

male chimpanzee fitness depends more often on male coali-

tions.25 Overall, differentiated changes in patterns of aggression

parallels findings in canines, where dogs, when compared to

wolves, exhibit a reduction in coalitionary aggression between

groups, but not in all types of intragroup aggression.61

Taken together, our findings provide a more nuanced under-

standing of male aggression patterns in the genus Pan, which re-

lates to potential costs and benefits of different types of male
Current Biology 34, 1–6, April 22, 2024 3
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aggression. Wrangham2,29 highlighted the usefulness of distin-

guishing two basic types of aggression that differ in their

neuro-physiological underpinning: proactive aggression charac-

terized by planned and goal-oriented behavior, that potentially

includes killings within and between groups in chimpanzees,

and reactive aggression which serves to quickly eliminate a

threat or frustrating stimulus, and potentially includes the major-

ity of within-group aggression.2,29 Future studies distinguishing

the two types of aggression will improve our understanding of

their potential interplay during human evolution.
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Wroblewski, E.E., Vigilant, L., Hahn, B.H., Li, Y., Gilby, I.C., et al. (2023).

Reproductive inequalities among males in the genus Pan. Philos. Trans.

R. Soc. B 378, 20220301. https://doi.org/10.1098/rstb.2022.0301.

36. Jaeggi, A.V., Stevens, J.M.G., and Van Schaik, C.P. (2010). Tolerant food

sharing and reciprocity is precluded by despotism among bonobos but

not chimpanzees. Am. J. Phys. Anthropol. 143, 41–51. https://doi.org/

10.1002/ajpa.21288.

37. Gerloff, U., Hartung, B., Fruth, B., Hohmann, G., and Tautz, D. (1999).

Intracommunity relationships, dispersal pattern and paternity success in

a wild living community of Bonobos (Pan paniscus) determined from

DNA analysis of faecal samples. Proc. Biol. Sci. 266, 1189–1195. https://

doi.org/10.1098/rspb.1999.0762.

38. Wilson, M.L., Boesch, C., Fruth, B., Furuichi, T., Gilby, I.C., Hashimoto, C.,

Hobaiter, C.L., Hohmann, G., Itoh, N., Koops, K., et al. (2014). Lethal

aggression in Pan is better explained by adaptive strategies than human

impacts. Nature 513, 414–417. https://doi.org/10.1038/nature13727.

39. Bygott, J. (1979). Agonistic behaviour, dominance, and social structure in

wild chimpanzees of the Gombe National Park. In The Great Apes, D.A.

Hamburg, and E.R. McCown, eds. (Benjamin-Cummings), pp. 405–428.

40. Williams, J.M., Oehlert, G.W., Carlis, J.V., and Pusey, A.E. (2004). Why do

male chimpanzees defend a group range? Anim. Behav. 68, 523–532.

https://doi.org/10.1016/j.anbehav.2003.09.015.

41. Hamai, M., Nishida, T., Takasaki, H., and Turner, L.A. (1992). New records

of within-group infanticide and cannibalism in wild chimpanzees. Primates

33, 151–162. https://doi.org/10.1007/BF02382746.

42. Lowe, A.E., Hobaiter, C., Asiimwe, C., Zuberbühler, K., and Newton-

Fisher, N.E. (2020). Intra-community infanticide in wild, eastern chimpan-

zees: a 24-year review. Primates 61, 69–82. https://doi.org/10.1007/

s10329-019-00730-3.

43. Arcadi, A.C., and Wrangham, R.W. (1999). Infanticide in chimpanzees:

Review of cases and a new within-group observation from the

Kanyawara study group in Kibale National Park. Primates 40, 337–351.

https://doi.org/10.1007/BF02557557.

44. Massaro, A.P., Wroblewski, E.E., Mjungu, D.C., Boehm, E., Desai, N.,

Foerster, S., Rudicell, R.S., Hahn, B.H., Pusey, A.E., and Wilson, M.L.

(2021). Female monopolizability promotes within-community killing in

chimpanzees. Preprint at Research Square. https://doi.org/10.21203/rs.

3.rs-163673/v1.

45. Kaburu, S.S.K., Inoue, S., and Newton-Fisher, N.E. (2013). Death of the

alpha: within-community lethal violence among chimpanzees of the

Mahale Mountains National Park. Am. J. Primatol. 75, 789–797. https://

doi.org/10.1002/ajp.22135.

46. Wrangham, R.W., Wilson, M.L., and Muller, M.N. (2006). Comparative

rates of violence in chimpanzees and humans. Primates 47, 14–26.

47. Watts, D.P. (2004). Intracommunity coalitionary killing of an adult male

chimpanzee at Ngogo, Kibale National Park, Uganda. Int. J. Primatol.

25, 507–521. https://doi.org/10.1023/B:IJOP.0000023573.56625.59.

48. Cheng, L., Lucchesi, S., Mundry, R., Samuni, L., Deschner, T., and

Surbeck,M. (2021). Variation in aggression rates and urinary cortisol levels

indicates intergroup competition in wild bonobos. Horm. Behav. 128,

104914. https://doi.org/10.1016/j.yhbeh.2020.104914.

49. Cheng, L., Samuni, L., Lucchesi, S., Deschner, T., and Surbeck, M. (2022).

Love thy neighbour: behavioural and endocrine correlates of male strate-

gies during intergroup encounters in bonobos. Anim. Behav. 187,

319–330. https://doi.org/10.1016/j.anbehav.2022.02.014.

50. Fruth, B., and Hohmann, G. (2018). Food sharing across borders : first

observation of intercommunity meat sharing by bonobos at LuiKotale,

DRC. Hum. Nat. 29, 91–103. https://doi.org/10.1007/s12110-018-9311-9.
Current Biology 34, 1–6, April 22, 2024 5

https://doi.org/10.1016/j.anbehav.2011.12.007
https://doi.org/10.1016/j.anbehav.2011.12.007
https://doi.org/10.1017/ehs.2021.20
https://doi.org/10.1002/ajp.22641
https://doi.org/10.1002/ajp.22641
https://doi.org/10.1163/156853903771980648
https://doi.org/10.1007/BF02382747
https://doi.org/10.1007/BF02382747
https://doi.org/10.1023/A:1005471512788
https://doi.org/10.4159/harvard.9780674183858.c21
https://doi.org/10.4159/harvard.9780674183858.c21
http://refhub.elsevier.com/S0960-9822(24)00253-7/sref22
http://refhub.elsevier.com/S0960-9822(24)00253-7/sref22
http://refhub.elsevier.com/S0960-9822(24)00253-7/sref23
http://refhub.elsevier.com/S0960-9822(24)00253-7/sref23
http://refhub.elsevier.com/S0960-9822(24)00253-7/sref23
http://refhub.elsevier.com/S0960-9822(24)00253-7/sref23
https://doi.org/10.1163/156853974X00534
http://refhub.elsevier.com/S0960-9822(24)00253-7/sref25
http://refhub.elsevier.com/S0960-9822(24)00253-7/sref25
https://doi.org/10.1163/156853994X00532
https://doi.org/10.1163/156853994X00532
https://doi.org/10.1186/s12862-016-0691-3
https://doi.org/10.1006/anbe.2003.2210
https://doi.org/10.1007/s10329-021-00968-w
https://doi.org/10.1007/s10329-021-00968-w
https://doi.org/10.1016/j.yhbeh.2012.04.013
https://doi.org/10.1016/j.yhbeh.2012.04.013
https://doi.org/10.1016/S0065-3454(05)35007-8
https://doi.org/10.1073/pnas.1713611115
https://doi.org/10.1073/pnas.1713611115
http://refhub.elsevier.com/S0960-9822(24)00253-7/sref33
http://refhub.elsevier.com/S0960-9822(24)00253-7/sref33
https://doi.org/10.1126/sciadv.1500983
https://doi.org/10.1098/rstb.2022.0301
https://doi.org/10.1002/ajpa.21288
https://doi.org/10.1002/ajpa.21288
https://doi.org/10.1098/rspb.1999.0762
https://doi.org/10.1098/rspb.1999.0762
https://doi.org/10.1038/nature13727
http://refhub.elsevier.com/S0960-9822(24)00253-7/sref39
http://refhub.elsevier.com/S0960-9822(24)00253-7/sref39
http://refhub.elsevier.com/S0960-9822(24)00253-7/sref39
https://doi.org/10.1016/j.anbehav.2003.09.015
https://doi.org/10.1007/BF02382746
https://doi.org/10.1007/s10329-019-00730-3
https://doi.org/10.1007/s10329-019-00730-3
https://doi.org/10.1007/BF02557557
https://doi.org/10.21203/rs.3.rs-163673/v1
https://doi.org/10.21203/rs.3.rs-163673/v1
https://doi.org/10.1002/ajp.22135
https://doi.org/10.1002/ajp.22135
http://refhub.elsevier.com/S0960-9822(24)00253-7/sref46
http://refhub.elsevier.com/S0960-9822(24)00253-7/sref46
https://doi.org/10.1023/B:IJOP.0000023573.56625.59
https://doi.org/10.1016/j.yhbeh.2020.104914
https://doi.org/10.1016/j.anbehav.2022.02.014
https://doi.org/10.1007/s12110-018-9311-9


ll

Please cite this article in press as: Mouginot et al., Differences in expression of male aggression between wild bonobos and chimpanzees, Current
Biology (2024), https://doi.org/10.1016/j.cub.2024.02.071

Report
51. Furuichi, T. (2020). Variation in intergroup relationships among species

and among and within local populations of african apes. Int. J. Primatol.

41, 203–223. https://doi.org/10.1007/s10764-020-00134-x.

52. Lucchesi, S., Cheng, L., Janmaat, K., Mundry, R., Pisor, A., and Surbeck,

M. (2020). Beyond the group: how food, mates, and group size influence

intergroup encounters in wild bonobos. Behav. Ecol. 31, 519–532.

https://doi.org/10.1093/beheco/arz214.

53. Moscovice, L.R., Hohmann, G., Trumble, B.C., Fruth, B., and Jaeggi,

A.V. (2022). Dominance or Tolerance? Causes and consequences of a

period of increased intercommunity encounters among bonobos (Pan

paniscus) at LuiKotale. Int. J. Primatol. 43, 434–459. https://doi.org/10.

1007/s10764-022-00286-y.

54. Jurmain, R. (1997). Skeletal evidence of trauma in African apes, with spe-

cial reference to the gombe chimpanzees. Primates 38, 1–14. https://doi.

org/10.1007/BF02385918.

55. Maynard Smith, J. (1988). Evolution and the Theory of Games. In Did

Darwin Get It Right? Essays on Games, Sex and Evolution, J. Maynard

Smith, ed. (Springer), pp. 202–215. https://doi.org/10.1007/978-1-4684-

7862-4_22.

56. Newton-Fisher, N.E., Thompson, M.E., Reynolds, V., Boesch, C., and

Vigilant, L. (2010). Paternity and social rank in wild chimpanzees (Pan trog-

lodytes) from the Budongo Forest, Uganda. Am. J. Phys. Anthropol. 142,

417–428. https://doi.org/10.1002/ajpa.21241.

57. Boesch, C., Kohou, G., N�en�e, H., and Vigilant, L. (2006). Male competition

and paternity in wild chimpanzees of the Taı̈ forest. Am. J. Phys. Anthropol.

130, 103–115. https://doi.org/10.1002/ajpa.20341.

58. Langergraber, K.E., Watts, D.P., Vigilant, L., andMitani, J.C. (2017). Group

augmentation, collective action, and territorial boundary patrols by male

chimpanzees. Proc. Natl. Acad. Sci. 114, 7337–7342. https://doi.org/10.

1073/pnas.1701582114.

59. Watts, D., and Mitani, J. (2001). Boundary patrols and intergroup encoun-

ters in wild chimpanzees. Beyond Behav. 138, 299–327. https://doi.org/

10.1163/15685390152032488.

60. Wilson, M.L., and Wrangham, R.W. (2003). Intergroup relations in chim-

panzees. Annu. Rev. Anthropol. 32, 363–392. https://doi.org/10.1146/an-

nurev.anthro.32.061002.120046.

61. Range, F., and Marshall-Pescini, S. (2022). Comparing wolves and dogs:

current status and implications for human ‘self-domestication. Trends

Cogn. Sci. 26, 337–349. https://doi.org/10.1016/j.tics.2022.01.003.

62. Wilson, M.L. (2021). Insights into human evolution from 60 years of

research on chimpanzees at Gombe. Evol. Hum. Sci. 3, e8. https://doi.

org/10.1017/ehs.2021.2.

63. Wilson, M.L. (2012). Chapter 16 Long-term studies of the chimpanzees of

Gombe National Park, Tanzania. In Long-Term Field Studies of Primates,

P.M. Kappeler, and D.P. Watts, eds. (Springer), pp. 357–384. https://doi.

org/10.1007/978-3-642-22514-7.

64. Pusey, A.E., Oehlert, G.W., Williams, J.M., and Goodall, J. (2005).

Influence of ecological and social factors on body mass of wild chimpan-

zees. Int. J. Primatol. 26, 3–31. https://doi.org/10.1007/s10764-005-

0721-2.

65. Pusey, A.E. (1990). Behavioural Changes At Adolescence in Chimpanzees.

Beyond Behav. 115, 203–246. https://doi.org/10.1163/156853990X00581.
6 Current Biology 34, 1–6, April 22, 2024
66. Bygott, J.D. (1974). Agonistic behaviour and dominance in wild chimpan-

zees. https://doi.org/10.17863/CAM.16417.

67. Deschner, T., Heistermann, M., Hodges, K., and Boesch, C. (2004).

Female sexual swelling size, timing of ovulation, and male behavior in

wild West African chimpanzees. Horm. Behav. 46, 204–215. https://doi.

org/10.1016/j.yhbeh.2004.03.013.

68. Hohmann, G., and Fruth, B. (2000). Use and function of genital contacts

among female bonobos. Anim. Behav. 60, 107–120. https://doi.org/10.

1006/anbe.2000.1451.

69. Dahl, J.F., Nadler, R.D., and Collins, D.C. (1991). Monitoring the ovarian

cycles of Pan troglodytes and P. paniscus: A comparative approach.

Am. J. Primatol. 24, 195–209. https://doi.org/10.1002/ajp.1350240306.

70. Sobolewski, M.E., Brown, J.L., andMitani, J.C. (2013). Female parity, male

aggression, and the Challenge Hypothesis in wild chimpanzees. Primates

54, 81–88. https://doi.org/10.1007/s10329-012-0332-4.

71. Wrangham, R.W. (2002). The cost of sexual attraction: is there a trade-off

in female Pan between sex appeal and received coercion. In Behavioural

Diversity in Chimpanzees and Bonobos, C. Boesch, G. Hohmann, and L.

Marchant, eds. (Cambridge University Press), pp. 204–216.

72. Furuichi, T. (1987). Sexual swelling, receptivity, and grouping of wild

pygmy chimpanzee females at Wamba. Zaı̈re. Primates 28, 309–318.

https://doi.org/10.1007/BF02381014.

73. Wrangham, R.W. (1993). The evolution of sexuality in chimpanzees and

bonobos. Hum. Nat. 4, 47–79. https://doi.org/10.1007/BF02734089.

74. Tokuyama, N., Sakamaki, T., and Furuichi, T. (2019). Inter-group aggres-

sive interaction patterns indicate male mate defense and female cooper-

ation across bonobo groups at Wamba, Democratic Republic of the

Congo. Am. J. Phys. Anthropol. 170, 535–550. https://doi.org/10.1002/

ajpa.23929.

75. Brooks, M., Kristensen, K., Benthem, K., Magnusson, A., Berg, C.,

Nielsen, A., Skaug, H., M€achler, M., and Bolker, B. (2017). glmmTMB bal-

ances speed and flexibility among packages for zero-inflated generalized

linear mixed modeling. R J. 9, 378–400. https://doi.org/10.3929/ethz-b-

000240890.

76. Bates, D., M€achler, M., Bolker, B., and Walker, S. (2015). Fitting Linear

Mixed-Effects Models Using lme4. J. Stat. Softw. 67, 1–48. https://doi.

org/10.48550/arXiv.1406.5823.

77. McElreath, R. (2018). Statistical Rethinking: A Bayesian Course with

Examples in R and Stan (CRC Press). https://doi.org/10.1201/

9781315372495.

78. Pearl, J., Glymour, M., and Jewell, N.P. (2016). Causal Inference in

Statistics: A Primer (John Wiley & Sons).

79. Richardson, T., and Spirtes, P. (2002). Ancestral graph Markov models.

Ann. Stat. 30, 962–1030. https://doi.org/10.1214/aos/1031689015.

80. Zander, B. van der, and Liskiewicz, M. (2016). Separators and Adjustment

Sets in Markov Equivalent DAGs. In Proc. AAAI Conf. Artif. Intell., 30.

https://doi.org/10.1609/aaai.v30i1.10424.

81. Zhang, J. (2008). Causal reasoning with ancestral graphs. J. Mach. Learn.

Res. 9, 1437–1474.

82. Venables, W.N., and Ripley, B.D. (2002). Modern Applied Statistics with S

(Springer). https://doi.org/10.1007/978-0-387-21706-2.

https://doi.org/10.1007/s10764-020-00134-x
https://doi.org/10.1093/beheco/arz214
https://doi.org/10.1007/s10764-022-00286-y
https://doi.org/10.1007/s10764-022-00286-y
https://doi.org/10.1007/BF02385918
https://doi.org/10.1007/BF02385918
https://doi.org/10.1007/978-1-4684-7862-4_22
https://doi.org/10.1007/978-1-4684-7862-4_22
https://doi.org/10.1002/ajpa.21241
https://doi.org/10.1002/ajpa.20341
https://doi.org/10.1073/pnas.1701582114
https://doi.org/10.1073/pnas.1701582114
https://doi.org/10.1163/15685390152032488
https://doi.org/10.1163/15685390152032488
https://doi.org/10.1146/annurev.anthro.32.061002.120046
https://doi.org/10.1146/annurev.anthro.32.061002.120046
https://doi.org/10.1016/j.tics.2022.01.003
https://doi.org/10.1017/ehs.2021.2
https://doi.org/10.1017/ehs.2021.2
https://doi.org/10.1007/978-3-642-22514-7
https://doi.org/10.1007/978-3-642-22514-7
https://doi.org/10.1007/s10764-005-0721-2
https://doi.org/10.1007/s10764-005-0721-2
https://doi.org/10.1163/156853990X00581
https://doi.org/10.17863/CAM.16417
https://doi.org/10.1016/j.yhbeh.2004.03.013
https://doi.org/10.1016/j.yhbeh.2004.03.013
https://doi.org/10.1006/anbe.2000.1451
https://doi.org/10.1006/anbe.2000.1451
https://doi.org/10.1002/ajp.1350240306
https://doi.org/10.1007/s10329-012-0332-4
http://refhub.elsevier.com/S0960-9822(24)00253-7/sref71
http://refhub.elsevier.com/S0960-9822(24)00253-7/sref71
http://refhub.elsevier.com/S0960-9822(24)00253-7/sref71
http://refhub.elsevier.com/S0960-9822(24)00253-7/sref71
https://doi.org/10.1007/BF02381014
https://doi.org/10.1007/BF02734089
https://doi.org/10.1002/ajpa.23929
https://doi.org/10.1002/ajpa.23929
https://doi.org/10.3929/ethz-b-000240890
https://doi.org/10.3929/ethz-b-000240890
https://doi.org/10.48550/arXiv.1406.5823
https://doi.org/10.48550/arXiv.1406.5823
https://doi.org/10.1201/9781315372495
https://doi.org/10.1201/9781315372495
http://refhub.elsevier.com/S0960-9822(24)00253-7/sref78
http://refhub.elsevier.com/S0960-9822(24)00253-7/sref78
https://doi.org/10.1214/aos/1031689015
https://doi.org/10.1609/aaai.v30i1.10424
http://refhub.elsevier.com/S0960-9822(24)00253-7/sref81
http://refhub.elsevier.com/S0960-9822(24)00253-7/sref81
https://doi.org/10.1007/978-0-387-21706-2


ll

Please cite this article in press as: Mouginot et al., Differences in expression of male aggression between wild bonobos and chimpanzees, Current
Biology (2024), https://doi.org/10.1016/j.cub.2024.02.071

Report
STAR+METHODS
KEY RESOURCES TABLE
REAGENT or RESOURCE SOURCE IDENTIFIER

Deposited data

Raw data – Bonobos Harvard University N/A

Raw data – Chimpanzees Jane Goodall Institute N/A

Analysis of the data This paper N/A

Code This paper N/A

Software and algorithms

Program R version 1.4.1717 https://www.r-project.org/ N/A
RESOURCE AVAILABILITY

Lead contact
Further information and requests for resources and reagents should be directed to and will be fulfilled by the lead contact, Maud

Mouginot (mmougino@bu.edu).

Materials availability
This study did not generate new unique materials or reagents.

Data and code availability
Any additional information required to reanalyze the data reported in this paper is available from the lead contact upon request.

EXPERIMENTAL MODEL AND STUDY PARTICIPANT DETAILS

Chimpanzees
We analyzed data from wild chimpanzees in Gombe National Park in Tanzania.22,62 The habituation process started in 1960 for Ka-

sekela and the 1980s for Mitumba. Field assistants at Gombe have been trained to collect data on chimpanzee behavior using stan-

dardized methods since 1970. Each field assistant undergoes a prolonged apprenticeship and begins contributing to the long-term

data only after they have satisfied senior researchers that they can accurately identify individuals and record data properly. All-day

focal follow data are available from 1974 for Kasekela and 1994 for Mitumba.63 For this study, we aimed to examine a similar-sized

sample of observational data for the two species. We selected the period from 01 January 2006 to 31 December 2009, as all the

necessary data were extracted and checked for errors.

We included males of age 12 years and older. While male chimpanzees do not generally achieve full growth until they are 15–16

years old,64 by 12 years of age, they travel independently from their mothers, participate in adult activities,65 and are old enough to

sire offspring (youngest sire at Gombe: 11.4 years old9). We studied 14 males from two communities: Mitumba composed of 2 adult

males (R12 years old) and 9 adult females (R12 years old); and Kasekela composed of 14 adult males (R12 years old) and 24 adult

females (R12 years old).

Two males turned 12 years old close to the end of the study period and did not meet the minimum threshold of observation time to

be included in the study (R10 focal follows and a total of R50 h of focal observation). After excluding focal follows that lasted less

than an hour, wewere left with 841 focal follows with amedian duration of 9.18 h (range: 1.18–13.48 h), totaling 7,309 h of observation

time, with a median of 47.5 follows (range: 44–176) totaling a median of 430.5 h (range:119–1377) for each of the n = 14 focal males

(Table S1).

Bonobos
We analyzed data from wild bonobos in Kokolopori Bonobo Reserve, Democratic Republic of the Congo. The habituation process

started in 2009. Field assistants were intensely trained to identify and record data. All bonobos could be individually identified and

followed for data collection by 2016 (Ekalakala and Kokoalongo community), and 2020 (Fekako community). Tests of inter-observer

reliability are conducted on a bi-annual basis (threshold value of 100% agreement for adult identification and 90% agreement for

behavior coding on aggressive behavior between observers is a prerequisite for focal data collection by an individual). All-day focal

follow data of the local research assistant fulfilled these requirements by 2019 for Ekalakala and Kokoalongo and by 2021 for Fekako.
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For Ekalakala and Kokoalongo, we analyzed data from two time periods for Ekalakala and Kokoalongo: February 2019 to January

2020 and September 2020 to August 2021 (24 months total for each community). For Fekako, we analyzed data from January to

August 2021 for Fekako (8 months total).

While we usually consider individuals as adults when they reach 10 years old, to be consistent across species, we restricted the

study to individuals older than 12 years old. Ekalakala comprised 3 adult males (R12 years old) and 7–10 adult females (R12 years

old). Kokoalongo included 7 adult male (R12 years old) and 12 adult females (R12 years old). Finally, Fekako comprised 3 adult

males (R12 years old) and 3 females (R12 years old). Between the two periods, 3 adult males from Kokoalongo disappeared.

We were able to include focal follows from 2 of them in the study, but one did not have enough focal follows (< 10 focal follows

for < 50 h of focal observation)

After excluding focal follows that lasted less than an hour, we were left with 230 focal follows with a median duration of 9.16 h

(range: 1.82–11.54 h), totaling 2,047 h of observation time, with a median of 20 follows (range: 10–31) totaling a median of 169.5 h

(range: 94–278) for each of the n = 12 focal males (Table S1).

METHOD DETAILS

Aggressive interactions
In both species, we recorded all instances in which the focal male was either an actor or recipient of aggressive behavior. Aggressive

behaviors included contact aggression (when there was physical contact between the aggressor and the victim such as hit, pull, bite,

kick, jump-on) and non-contact aggression (when there was no physical contact between aggressor and victim such as charge and

chase).66 In both species, aggressive behaviors were easily distinguishable from play behavior based on gestures (i.e., tense and

sharp gestures occurring in aggressive context versus relaxed gestures and/or gentle touches in play context), facial expression

(i.e., baring both top and bottom teeth in aggression context versus relaxed open mouth face in play context), and vocalization

(i.e., loud repeated piercing hoots such as cry and scream in aggression context versus soft panting sounds in play context). Aggres-

sive acts between the same individuals during the same focal follow and happening within 1-min of each other were considered as

single events. We limited analysis to aggressive interactions between individuals R 12 years old and with identified actors and

receivers.

We classified aggressive interactions into four categories, based on the actor and recipient of aggression from the perspective of

the focal male: 1) focal-male/male, in which the focal male acted aggressively towards another male; 2)male/focal-male, in which

the focal male acted aggressively towards another male; 3) focal-male/female in which the focal male acted aggressively towards a

female; 4) female/focal-male, in which the focal male received aggression from a female. For each category, we ran our analyses on

both all aggressive acts (contact and non-contact) and only contact aggression.

To calculate the individual rates of aggression represented in the Figure 1 and Table S1., we used the samemethod as Surbeck and

colleagues.17 For each focal follow, we calculated the total number of aggressive acts in each category and divided this number by

the total focal observation hours during a given day. Then, for each male, we calculated the mean rate of aggressive acts in each

category, across all its focal follows.

In both species, aggression sometimes involved coalitions, in which multiple individuals targeted one victim at the same time. In

our analysis, aggression by the focal-male counted as a single event, whether he acted alone or with others. Rates of aggression

received, however, are more complicated to analyze, because some of these events have both males and females as aggressors,

making them difficult to classify in our categories of interactants. To account clearly for sex differences in aggression, we therefore

considered events with multiple aggressors to consist of multiple aggressive acts between dyads, with a single actor and receiver.

While this approach risks inflating the rates of aggression received, we consider this approach conservative for our analysis,

however, because coalitions occur most frequently in chimpanzees, whereas aggression overall occurred more frequently for

bonobos.

Sexual swelling states
In both species females exhibit sexual swellings indicating receptivity to mating.27,67 For bonobo females, researchers scored on a

daily base the tumescence of the ano-genital swelling of all the encountered females based on a four unit scale fromminimal size (1)

tomaximally tumescent (4).68 For chimpanzees, researchers scored the size of the genital swelling using a five unit scale fromminimal

(0) to maximally tumescent (1) with intervals of ¼.22,69 For the two species, researchers recorded stages for every female observed

daily multiple times. We considered a female maximally swollen if her swelling was scored with the highest rating for the entire day.

Party size and composition
For chimpanzees, researchers recorded the time of arrival and departure for each individual. In bonobos, observers recorded party

composition in a cumulative way over a 30-min time windows, to account for the bad visibility of the habitat. Based on these data, we

calculated the total time each individual was observed in the focal party and divided this time by the total duration of the focal follow.

Then, we calculated themean of the different party sizes for eachmale and finally, we used those calculations to determine themean,

median, and range of the mean party size during male focal follows for each species.

The number of individuals and the composition of parties can affect the opportunity for males to act aggressively. Both male bo-

nobos48 and chimpanzees70,71 exhibit more aggression in the presence of maximally tumescent females. To control for potential
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species differences in party size, composition, and the number of maximally tumescent females (i.e., the number of actual copulation

partners considered), we included the mean number of males, females and maximally tumescent females during each focal follow in

all the models.

Copulation with maximally tumescent females
For each focal follow, I calculated the number of copulations by the focal male. I defined copulation as a male mounting or facing a

female, with intromission. As females are more likely to conceive when they are maximally tumescent,72,73 I limited analysis to oc-

currences of copulation with maximally tumescent females.

QUANTIFICATION AND STATISTICAL ANALYSIS

To investigate species differences for different categories of aggression, we first compared rates of aggression in the four categories

(focal-male/male, male/focal-male, focal-male/female, and female/focal-male), then repeated the analyses controlling for in-

ter-group encounters and severity of aggression. Secondly, we compared species differences in coalition formation when the focal-

male was the aggressor. Finally, we studied how aggression affect male mating success with maximally tumescent females in both

species. We describe the analyses in detail below.

Rates of aggression
We compared rates of aggression in categories using Poisson generalized linear mixed models (GLMM) with count of aggression as

the response variable, and species as the independent variable. We used male focal follows as our unit of analysis and we included

the focal follow duration (inminutes) as our offset.We ran fourmodels for each category of aggression (focal-male/malemodel (1.a),

male/focal-male model (1.b), focal-male/female model (1.c), and female/focal-male model (1.d)) (Table S2). In each model, we

included random intercepts for the identity of the focal and the community to which the focal belonged (Kasekela or Mitumba for

chimpanzees; Ekalakala, Kokoalongo or Fekako for bonobos) to account for repeated and uneven sampling.

We controlled for differences in party size by includingmean number of females/males/maximally tumescent females in themodels

as fixed effects. For focal-male/male and male/focal-male categories of aggression, we used the number of males and the num-

ber of maximally tumescent females; for focal-male/female, we used themean number of females, of males, andmaximally tumes-

cent females. Finally, for female/focal-male aggression, we used the mean number of females.

To control for potential species differences in the severity of aggression, we re-ran those fourmodels using contact aggression only

(2.a,b,c,d: Table S2). Bonobos increase the rate of aggression during their long-lasting intergroup encounters.13,52,74 We therefore

controlled for the effects of intergroup encounters on the rates of aggression, by re-running the 4 all aggression models using only

focal follows that did not include an inter-community encounter (3.a,b,c,d: Table S2).

We used the ‘‘glmmTMB’’ function from the ‘‘glmmTMB’’ R package.75We fitted a generalized Poissonmodel whichwas themodel

which neither showed zero inflation nor overdispersion. In R version 4.1.1.76 To decide which variables to include in each of our

models while minimizing confounding, we created a directed acyclic graph incorporating our prior understanding of the causal re-

lationships among the variables.77,78 For this purpose, we used the function ‘‘dagitty’’ from the ‘‘dagitty’’ R package.79–81 We then

used the function ‘‘adjustmentSets’’ from the same package to find a minimally sufficient adjustment set for each model.79,80 We

calculated 95% confidence intervals using the ‘‘confint’’ function in the ‘‘MASS’’ package in R.82

Coalitionary behavior
Coalitions formation has been reported to be more frequent betweenmale chimpanzees than betweenmale bonobos.17,26 The prev-

alence of male coalitions likely affects how males use aggression against each other. To test for species differences in coalition for-

mation, we examined interactions in which the focal was the aggressor. We scored aggression by the focal-male as having a male

coalitionary context (1) if the focal-male acted together with other males in targeting an opponent, and scored all other aggressive

interactions as not having a male coalitionary context (0). We applied a generalized linear mixed model (GLMM) with a binomial error

structure76 with male coalitionary context as the response variable and species as the predictor variable. We also included the mean

party size of males during the focal follow as fixed effect. Random effects were the identity of the focal and his community.

For this, we used the ‘‘glmmTMB’’ function from the ‘‘glmmTMB’’ R package.75 We fitted a generalized Poisson model which was

the model which neither showed zero inflation nor overdispersion in R version 4.1.1.76 We calculated 95% confidence intervals using

the ‘‘confint’’ function in the ‘‘MASS’’ package in R.82

Aggression and copulation rate
We studied the effect of aggression on copulation rate with maximally tumescent females in both species using aggression during

which the focal-male was the aggressor (focal-male/female and focal-male/male). We ran those analyses for each species and

twice for all aggression and only contact aggression, giving a total of 4 analyses. We applied a GLMMwith a Poisson error structure.

We used the number of copulations of the focal-male with maximally tumescent females as the response variable and the number of

aggressive events during which the focal was the aggressor as the predictor variable. We used male focal follows as our unit of anal-

ysis and we included the focal follow duration (in minutes) as our offset. In eachmodel, we included random intercepts for the identity

of the focal and the community towhich the focal belonged (Kasekela orMitumba for chimpanzees; Ekalakala, Kokoalongo or Fekako
Current Biology 34, 1–6.e1–e4, April 22, 2024 e3



ll

Please cite this article in press as: Mouginot et al., Differences in expression of male aggression between wild bonobos and chimpanzees, Current
Biology (2024), https://doi.org/10.1016/j.cub.2024.02.071

Report
for bonobos). Finally, we controlled for differences in party size by including the mean number of females and the mean number of

males.

As for previous analyses, we used the ‘‘glmmTMB’’ function from the ‘‘glmmTMB’’ R package.75 To decide which variables to

include in each of our models while minimizing confounding, we created a directed acyclic graph77,78 using the function ‘‘dagitty’’

from the ‘‘dagitty’’ R package.79–81 We calculated 95% confidence intervals using the ‘‘confint’’ function in the ‘‘MASS’’ package

in R.82
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