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Abstract
Despite increasing interest in animal emotions, jealousy has rarely been directly addressed in comparative research, except for
studies of human-pet interactions. Jealous behavior emerges when a valuable social bond is threatened by a third-party,
prompting aggression or intervention attempts to direct the partner’s attention away from the rival. Emotional reactions that
protect relationships are expected in species in which social relationships are important for fitness, including primates. Previous
primate studies have alluded to this ultimate function, but never explicitly tested predictions corresponding to a proximate
jealousy mechanism. We demonstrate jealous behavior in a long-established colony of chimpanzees (N = 17) during a socially
disruptive period due to group introductions, which provided an ideal experimental opportunity to test predictions of a jealousy
hypothesis. Specifically, we found that negative reactions (agonism and intervention attempts) towards social closeness between
two groupmates were generally more common when the aggressor/intervener had a valuable relationship to one (as compared
with both or neither) of the dyad’s members, indicating that the other partner represented a potential social rival. In line with this
suggestion, we found that negative reactions most often targeted dyads containing newly introduced individuals, especially when
the social conditions for jealousy were met, and in particular during the socially unstable introduction period. Results underscore
the potential adaptive role of jealousy in protecting fitness-enhancing relationships from social interlopers, by extension indicat-
ing that this emotion likely evolved in diverse animal societies.
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The past several decades have witnessed an upsurge in the
scientific study of nonhuman animal (hereafter, animal) emo-
tions (Bekoff, 2000; Dawkins, 2016; de Waal, 2019; Mendl,
Burman, & Paul, 2010; Panksepp, 2004). Originally limited to
basic emotions such as fear, joy, sadness, and surprise, re-
search on animal affective states has more recently expanded

to include complex socioemotional capacities such as empa-
thy, shame, guilt, and grief (Bekoff, 2007; deWaal & Preston,
2017; King, 2003; Kujala, 2017; Morris, Doe, & Godsell,
2008). Jealousy is the latest term to enter the purview of ani-
mal emotion research. Jealousy is typically defined as an emo-
tional response to a perceived threat posed by a social rival to
an important relationship (Dillon, 2013; Hart & Legerstee,
2010; Parrot & Smith, 1993). In humans, this negative reac-
tion may be signaled by overt behaviors to reclaim the atten-
tion of one’s partner, which can include aggression against the
rival or other interventions to interrupt the rival-partner inter-
action (Hart, 2010). As such, jealousy is an emotion that func-
tions to promote the retention of valuable social bonds against
potential intruders. In line with this, ultimate explanatory
frameworks have posited that emotions are specialized states
shaped by natural selection to increase an animal’s ability to
cope with situational threats and opportunities (Nesse, 1990).
In gregarious animal societies, relationships are among the
most valuable resources that an individual possesses—their
quantity, strength, and stability directly predicting individual
fitness (McFarland et al., 2017; Silk et al., 2010; Thompson,
2019).
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The empirical investigation of jealousy in other species has
thus far focused on interactions between domestic dogs and
humans—likely prompted in part by owners’ readiness to at-
tribute jealous emotions to their pets (Martens, Enders-
Slegers, & Walker, 2016; Morris et al., 2008; Morris,
Knight, & Lesley, 2012). Dogs are good candidates for jeal-
ousy, thanks to their advanced socio-cognitive abilities and
long-lasting attachment relationships to humans (Hare &
Woods, 2013). Yet results are mixed: whereas some studies
have demonstrated dogs’ jealous reactions to their owners
interacting with a “rival” dog (Abdai, Baño Terencio, Pérez
Fraga, & Miklósi, 2018; Cook, Prichard, Spivak, & Berns,
2018; Harris & Prouvost, 2014), other researchers have failed
to find evidence for jealousy (Prato-Previde, Nicotra, Fusar
Poli, Pelosi, & Valsecchi, 2018a; Prato-Previde, Nicotra,
Pelosi, & Valsecchi, 2018b). Such discrepancies may stem
from the artificial nature of the experimental paradigms
employed: some studies show that dogs exhibit jealous behav-
ioral and neurological responses to fake dogs (Cook et al.,
2018; Harris & Prouvost, 2014), but findings that fake dogs
are not perceived as real social threats cast doubt on this in-
terpretation (Prato-Previde, Nicotra, Pelosi, et al., 2018,
2018a, 2018b). Variation in the nature of relationships under
consideration is therefore critical to both precise definitions of,
and methodological approaches to, jealousy (Webb & de
Waal, 2018)—underlining the need to use real social inter-
lopers and move beyond artificial experimental contexts
(Prato-Previde, Nicotra, Fusar Poli, et al., 2018).

Zoo introduction programs, wherein unfamiliar individuals
are integrated into established groups, offer an ideal setting in
which to observe spontaneously occurring jealousy. The ar-
rival of new stranger conspecifics, particularly within
longstanding groups, may threaten the strength of existing
social and sexual bonds, and has been proposed as the ideal
test of animal jealousy (Panksepp, 2010). The expression of
jealousy should vary according to the quality of relationships
within this social triangle (i.e., actor-partner, actor-rival, part-
ner-rival), thus allowing for more nuanced definitions and
tests of a jealousy hypothesis. Furthermore, widening the
scope from human-dog interactions to study jealous interac-
tions among conspecifics situates the emotion in the evolu-
tionary context in which it likely emerged.

Lastly, extending the study of jealous behavior from canids
to other socially complex species will better illuminate the
selection pressures that give rise to this socioemotional re-
sponse. In the case of nonhuman primates, such research can
strengthen or weaken the case for an emotion homologous to
human jealousy. Prior primate affective studies have exam-
ined the neural substrates of jealousy in experimental contexts
(Maninger et al., 2017; Rilling, Winslow, & Kilts, 2004) but
not conducted observations of spontaneous jealous behaviors.
Previous primate behavioral studies have reported bystander
interference in affiliative interactions (e.g., Mondragón-

Ceballos, 2001; Schino & Lasio, 2018; especially in the “po-
litical” context of male power struggles in chimpanzees: de
Waal, 1982; Nishida &Hosaka, 1996) and occasionally allud-
ed to jealousy’s ultimate function (Baniel, Cowlishaw, &
Huchard, 2018; Mielke et al., 2017), but never explicitly test-
ed predictions corresponding to a proximate jealousy
hypothesis.

We studied the occurrence of jealousy behaviors1 in a col-
ony of chimpanzees with long-established social relationships
upon the introduction of three new group members. Jealousy
was defined as a negative behavioral response from one indi-
vidual to social closeness between two partners (Abdai et al.,
2018). Specifically, we tested whether variability in the qual-
ity of social bonds between all three individuals predicted the
occurrence of jealous behavior. Consistent with a jealousy-
based explanation for the behavior, we expected directed ag-
gression and intervention attempts towards an affiliating dyad
to bemore commonwhen the actor had a valuable relationship
with one (compared with both or neither) partner (prediction:
p1). Furthermore, we predicted this jealous behavioral pattern
to be higher during the introduction period compared with
before or after (p2), given that newcomers could threaten
existing social bonds upon arrival but ultimately become in-
tegrated into the group. Accordingly, we also predicted jeal-
ous behaviors to target newly introduced individuals more
than established group members (p3).

Methods

Subjects were 17 adult chimpanzees (Pan troglodytes) housed
at Royal Burgers’ Zoo in Arnhem, the Netherlands. The group
comprised 4 males and 13 females—3 of whom arrived at the
zoo amid the study period (additional subject demographics
are available in Table S1). Subjects’ housing consisted of an
indoor (~ 386 m2) and outdoor (~ 7000 m2) enclosure, both
equipped with climbing structures and nesting material, as
well as adjacent off-exhibit cages for routine zoo management
purposes. The group was fed approximately three times per
day and had access to water ad libitum.

Behavioral observations were conducted between Sep 16,
2015, and Jun 01, 2018. The new females arrived at the zoo on
Nov 18, 2015, but were housed off-exhibit together until
Feb 12, 2016, at which point they were temporarily transferred
to a group with 5 females from the original colony.
Observations conducted on the original, intact colony preced-
ing this date are thus considered the pre-introduction period
(~ 5 months). A series of subsequent 1-to-1 introductions

1 As advocated by others (Abdai et al., 2018; Abdai &Miklósi, 2018), here we
deliberately refer to jealous behavior so as to be clear we refer to the emotion
rather than the felt component of jealousy. We consider this issue in further
detail in the “Discussion” section.
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(which took place in the off-exhibit cages) between the new
females and 2 of the colony’s males resulted in the formation
of 2 subgroups on Jul 05, 2016 (see Tables S1 and S2 for
details): the introduction subgroup, which included the new
females, and the established subgroup, which comprised the
rest of the colony. This period is referred to as the introduction
period (~ 15 months). These two subgroups merged on
Oct 18, 2017, with observations after Nov 20, 2017,
representing the post-introduction period (~ 8 months).

Observations typically occurred 3–5 days per week, be-
tween 9:00 and 17:00 h, using the Time Stamped Fieldnotes
iPad program (https://www.neukadye.com/mobile-
applications/timestamped-field-notes/). On each observation
day, at least one 90-min group observation recorded all occur-
rences of dyadic affiliative and sexual interactions (see
Table S3) as well as any potential “triadic” jealous
behaviors—i.e., negative reactions from one subject (A) to-
wards social closeness between two groupmates (subjects B
and C). Social closeness was operationally defined as B and C
engaged in grooming, contact-sitting (sitting in close proxim-
ity with body contact), or playing. Negative reactions com-
prised both agonistic behaviors directed towards the affiliating
dyad (i.e., hitting, bluff-displaying, grabbing, charging, vocal-
izing, or throwing tantrums) and intervention attempts (i.e., A
attempting to physically interfere with B-C’s affiliation, either
via sitting in between them or otherwise trying to disrupt their
grooming or play bout). When agonistic and intervention in-
teractions co-occurred within the same affiliative bout be-
tween B and C, we counted only one behavior by selecting
the encounter that occurred last in the sequence. In total, we
collected 890.4 h of observation across the study period (pre-
introduction period: 190.4 h; introduction period: 373.6 h, i.e.,
189.5 h for the introduction subgroup and 184.1 h for the
established subgroup; post-introduction period: 326.4 h),
which were counterbalanced across time of day.

During group observations, scan samples of state behav-
iors—grooming, mutual grooming, contact-sitting, and sitting
in marginal contact (i.e., within arm’s reach)—were also re-
corded in 10-min intervals. Scan data were used to calculate
dyadic affiliation rates (between A-B, A-C, and B-C, respec-
tively) from the total number of scan points in which partners
were grooming or in proximity, divided by the total number of
scan points taken. Affiliation level was determined via the
quartile points of these dyadic scores, where only dyads with
scores higher than the top quartile were considered to have a
strong affiliative relationship. Dyadic agonistic interactions
were recorded ad libitum, and used in calculating dyadic ag-
onistic rates (the frequency of agonism directed from one sub-
ject to another, divided by the total number of observation
hours) and constructing the group’s dominance hierarchy
(see below). Two observers concurrently collected data (one
observing, the other recording) following a training period in
which a Cohen’s kappa value > 0.70 was achieved for all

observational protocols. A total of six observers (2 every ~
9 months) collected data across the study period and over-
lapped such that inter-rater reliability between existing and
incoming observers was always ensured.

Statistical AnalysesWe analyzed data from a total of 173 triadic
interactions (111 agonisms, 62 interventions) in which A exhib-
ited a negative behavioral reaction to social closeness between B
and C. To test predictions of the jealousy hypothesis, we struc-
tured data according to each potential triad per period, where for
every subject (A), we tallied the number of negative behavioral
reactions towards social closeness between every B and C dyad
(note that the occurrence of agonism significantly positively
predicted the occurrence of intervention attempts; see Fig. S1).
The same dyad was not represented twice—i.e., as B-C and C-
B—given that, for interventions, A’s attempts were by definition
directed to both dyad members, and for agonistic interactions,
A’s specific target was indiscernible in the majority (> 60%) of
cases. We then ran generalized linear mixed models with a
Poisson error distribution and a logit-link function (hereafter,
Poisson GLMM), using the function glmer of the R package
“lme4” (Bates, Maechler, Bolker, &Walker, 2014) in R version
3.5.0 (R Core Team, 2018). To validate all statistical models, we
examined the distribution of scaled residuals (via the function
simulateResiduals) and confirmed the absence of overdispersion
and zero-inflation using the “DHARMa” package (Hartig,
2018). The alpha level was set at P < 0.05 for all analyses.

In order to test whether negative reactions were more com-
mon when the actor had a valuable relationship with one
(compared with both or neither) partner (p1), our first
Poisson GLMM (Model 1) incorporated a categorical fixed
effect (affABC) representing the affiliation level between A
and B-C—coded as 0 when A had a strong relationship to
neither B nor C, 1 when A had a strong relationship to either
B or C, and 2 when A had a strong relationship to both B and
C. As negative reactions were expected to covary with the
frequency of B-C’s affiliation, we also incorporated the affil-
iation rate between B and C (affrateBC) as a fixed effect.
Negative reactions could also be an artifact of agonistic ten-
dencies more generally, so A’s agonistic rate towards B and C,
respectively (aggrateAB and aggrateAC), comprised addi-
tional fixed effects. Further fixed effects included kinship
(kinABC)—reserved for matrilineal relationships, where only
(grand)mother-offspring and maternal siblings were consid-
ered kin, again modeled categorically (0 = A kin to neither
B nor C; 1 = A kin to B or C; 2 = A kin to both B and C).
Dominance (calculated via the direction of submissive signals
like pant-grunts and non-agonistic approach/retreat interac-
tions, combined with zookeepers’ knowledge) was also in-
cluded as a fixed factor (domABC; 0 = A dominant to neither
B nor C; 1 = A dominant to B or C; 2 = A dominant to both B
and C). Given that female reproductive status could influence
aggression and intervention attempts directed from males, we

201Affective Science (2020) 1:199–207

https://www.neukadye.com/mobilepplications/timestampedieldotes/
https://www.neukadye.com/mobilepplications/timestampedieldotes/


incorporated whether the target dyad contained an estrous
female (estrousBC, 0 = no, 1 = yes) for the majority of the
triadic interactions noted within a given observation period
(determined a posteriori from keeper records), as well as A’s
sex (maleA, 0 = female, 1 = male) and B-C’s sex-class
(sexclassBC: “female-female,” “male-female,” “male-male”).
Finally, observation period (“pre-introduction,” “introduc-
tion,” “post-introduction”) was included as an additional fixed
factor. Random effects comprised the identities of A, B, and
C, respectively. The total number of observation hours (log-
transformed) for the group per period was incorporated as an
offset variable.

To test whether the jealous behavioral pattern was more
pronounced during the introduction period compared with that
during either the pre- or post-introduction periods (p2), we
adopted a two-pronged approach. In the first approach, we
assessed whether observation period significantly predicted
negative reactions in Model 1. In the second approach, we
added the interaction between period and a binary variable
(affABC1) corresponding to whether/not the social conditions
for jealousy were met (i.e., when A had a close relationship to
only one member of the dyad B-C, i.e., when affABC = 1). This
allowed us to test not only whether negative reactions were
generally more likely during the introductions compared with
before/after (p2a) but also whether changes in the likelihood of
negative reactions across periods were more pronounced when
the social conditions for jealousy were met (p2b). To avoid
overfitting our models, we only included those fixed effects that
were significant in Model 1 (see Table 1).

To test whether jealous behaviors targeted newly introduced
individuals more often than established group members (p3), we
subsetted the data to the observation periods in which the newly
introduced females were present (i.e., the introduction and post-
introduction periods) and incorporated whether the target dyad
contained a newly introduced female (introBC: 0 = no, 1 = yes)
as a fixed factor. Again, we first determined whether introBC
predicted negative reactions as a main effect (p3a), and subse-
quently added the introBC × affABC1 interaction term to deter-
mine whether the effect of a target dyad containing a newly
introduced female on the likelihood of negative reactions was
most pronounced when the social conditions for jealousy were
met (p3b). We used the prior Model 1 specifications (including
significant fixed effects), but also incorporated the subgroup (0 =
established group, 1 = introduction group) as a fixed factor when-
ever the analysis was limited to the introduction period.

Results

Negative behavioral reactions to dyadic social closeness were
significantly more likely when A had a strong relationship to
either B or C, compared with neither (Z = − 3.99, b = − 0.79,
P < 0.001) or both (Z = − 2.21, b = − 0.65, P = 0.029) of the

dyad’s members (Table 1). There was no significant differ-
ence depending on whether A had a strong relationship to
neither versus both of the dyad’s members (Z = − 0.39, b = −
0.13, P = 0.699). In other words, subjects were most likely to
attempt interventions or direct agonism towards social close-
ness between two groupmates when they had a strong
affiliative bond with one but not the other individual, which
supports the jealousy hypothesis (p1).

As shown in Table 1, A’s agonism and intervention at-
tempts towards B-C also varied according to kinship patterns.
Subjects were significantly more likely to respond negatively
when they were kin to one (Z = 7.44, b = 1.46, P < 0.001) or
both (Z = 5.34, b = 4.46, P < 0.001) as compared with neither
of the dyad’s members, though the latter result should be
interpreted with considerable caution given that there was on-
ly one triad in which all members were related (i.e., where

Table 1 Results of Model 1: Poisson GLMM predicting a subject’s
(individual A’s) number of negative reactions (as assessed via agonism
and intervention attempts) to social closeness between two groupmates
(individuals B and C). This outcome denotes a count per observation
period, and the number of observation hours per period was fitted as an
offset variable. The identities of subjects A, B, and C (respectively) were
included as random effects. The 95% confidence intervals and P values of
statistically significant results are highlighted in italics

Fixed effect b ± SE CI95 Z P value

affABC (ref: 1)a

0 − 0.79 ± 0.20 [− 1.18; − 0.40] − 3.99 < 0.001

2 − 0.65 ± 0.30 [− 1.23; − 0.08] − 2.21 0.027

kinABC (ref: 1)a

0 − 1.46 ± 0.20 [− 1.84; − 1.07] − 7.44 < 0.001

2 3.00 ± 0.83 [1.38; 4.63] 3.62 < 0.001

domABC (ref: 1)a

0 0.15 ± 0.22 [− 0.28; 0.58] 0.67 0.500

2 − 0.27 ± 0.26 [− 0.78; 0.24] − 1.03 0.305

period (ref: introduction)

Pre-introduction − 1.19 ± 0.26 [− 1.70; − 0.68] − 4.59 < 0.001

Post-introduction − 1.38 ± 0.26 [− 1.89; − 0.87] − 5.34 < 0.001

aggrateABb 0.06 ± 0.07 [− 0.09; 0.20] 0.76 0.449

aggrateACb 0.03 ± 0.10 [− 0.16; 0.23] 0.35 0.727

affrateBCb 0.36 ± 0.06 [0.24; 0.49] 5.75 < 0.001

sexclassBC (ref: male-female)

Female-female − 0.17 ± 0.28 [− 0.72; 0.39] − 0.58 0.559

Male-male 0.13 ± 0.43 [− 0.71; 0.96] 0.30 0.767

maleA 0.98 ± 0.40 [0.19; 1.76] 2.43 0.015

estrousBCc 0.65 ± 0.29 [0.09; 1.22] 2.28 0.023

a Indicates the first individual in relation to the second two individuals—
i.e., A has a strong affiliative, kinship, or dominant relation to neither B
nor C (0), either B or C (1), or both B and C (2)
b Indicates the first individual’s rate of behavior towards (aggression) or
with (affiliation) the second individual
c Indicates that B or C was an estrous female
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kinABC = 2). Subject A’s dominance relationship to B-C did
not significantly predict negative reactions. Consistent with
p2a, negative reactions to dyadic social closeness were overall
significantly more common during the introduction period
compared with those during the period before (Z = 4.59, b =
1.19, P < 0.001) and after (Z = 5.34, b = 1.38, P < 0.001),
whereas the difference between the pre- and the post-
introduction periods was non-significant (Table 1).
Unweighted rates calculated from the raw data corroborated
this pattern and revealed that such reactions were overall rel-
atively infrequent (pre-introduction period: 0.19 negative
reactions/h; introduction period: 0.33 negative reactions/h;
post-introduction period: 0.23 negative reactions/h).

Whether B or C was an estrous female significantly posi-
tively predicted the occurrence of negative reactions from A
(Z = 2.28, b = 0.65, P = 0.023). Negative reactions were also
significantly more likely when A was a male compared with a
female (Z = 2.43, b = 0.98, P = 0.015), though note that there
was no significant estrousBC × maleA interaction (Z = − 1.52,
b = − 0.56, P = 0.129). The sex-class composition of B-C did
not significantly predict A’s negative reactions, though a sig-
nificant sexclassBC × maleA interaction revealed that the ef-
fect of A being male (vs. female) changed as a function of B-
C’s sex-class. The aforementioned sex difference (males >
females) was most pronounced when A’s behavior was direct
towards male-male dyads as compared with other dyad types
(female-female: Z = 2.97, b = 2.17, P = 0.003; male-female:
Z = 5.00, b = 3.73, P < 0.001). This difference was also more
pronounced when A’s behavior was directed towards female-
female dyads compared with male-female dyads (Z = 4.18,
b = 1.55, P = 0.129), suggesting that males were not primarily
driven to disrupt mixed-sex dyads; in fact, females exhibited
this tendency more than males (see Fig. S2). B and C’s
affiliative rate significantly positively predicted negative reac-
tions from A (Z = 5.75, b = 0.36, P < 0.001), which is perhaps
unsurprising given that more frequent dyadic affiliation pro-
vides more opportunities for A to interrupt. A’s rate of aggres-
sion to both B and C (respectively) did not significantly pre-
dict A’s negative reactions towards B-C’s social closeness.

In a subsequent model incorporating the interaction be-
tween period × affABC1, we also found some support for
p2b. As shown in Fig. 1, changes in the likelihood of
negative reactions across the three periods depended on
when the social conditions for jealousy were met.
Increases in negative responses in the introduction period
compared with those in the periods before (Z = 2.87, b =
1.32, P = 0.004) and after (Z = 4.05, b = 1.73, P < 0.001)
were more pronounced when the actor was strongly bond-
ed to only one partner (vs. both/neither partner). In other
words, upon the arrival of unfamiliar conspecifics, chim-
panzees were more likely to interfere in affiliative inter-
actions when they had a strong relationship with one but
not the other individual.

During the introduction period, there was a significant
main effect of introBC on the occurrence of negative reactions
(Z = 2.09, b = 0.69, P = 0.037), indicating that subjects were
more likely to target dyads that contained a newly introduced
female as compared with those that did not (p3a). Moreover,
we found a significant introBC × affABC1 interaction (Z =
2.78, b = 2.04, P = 0.006), revealing that this pattern was up-
held only when the social conditions for jealousy were met
(p3b; see Fig. 2). In other words, the increase in agonism and
intervention attempts towards dyads containing newly intro-
duced group members was only true when the actor had a
strong relationship to one of the dyad’s members. Consistent
with a jealousy-based explanation, this suggests that such be-
haviors may be driven to protect valuable relationships from
potential social interlopers. Introduction subgroup was a sig-
nificant predictor of negative reactions (Z = 3.48, b = 1.96,
P < 0.001), but only when introBC was excluded from the
model, suggesting that the presence of newly introduced fe-
males drove subgroup main effects.

Discussion

We found evidence for jealous behavior in chimpanzees dur-
ing a socially disruptive period due to group introductions,
which provided a natural experimental opportunity to test pre-
dictions of a jealousy hypothesis. Namely, we found that neg-
ative reactions (agonism and intervention attempts) towards
social closeness between two groupmates increased markedly
during the introduction period as compared with those during
the periods before or after. Consistent with a jealousy-based
explanation, we found that these reactions were most likely
when the actor had a close relationship to only one of dyad’s
members (compared with both or neither), indicating that the
other partner could represent a potential interloper. In line with
this suggestion, we found that negative reactions most often
targeted dyads containing newly introduced individuals, espe-
cially when the social conditions for jealousy were met, and in
particular during the socially unstable introduction period.

Jealousy’s proposed function in protecting valuable bonds
from external social threats was the impetus for the present
study’s emphasis on how reactions to social closeness be-
tween other groupmates varied according to relationship qual-
ity, further premised on a social context that might threaten
long-established bonds (i.e., introductions). The extent to
which agonism and interventions towards others’ affiliation
actually succeeded in preserving valuable social bonds (not
to mention disrupting the real-time interaction) remains open
to investigation, and it is worth considering the additional
possibility that jealous behaviors might be maladaptive in cer-
tain social contexts, particularly when dispersal is limited by
captivity. Unlike primates living in stable social groups, wild
chimpanzee social relationships are characterized by a high
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degree of fission-fusion (Aureli et al., 2008), which may in-
fluence jealous behavioral strategies and their relative impor-
tance for maintaining intersexual and intrasexual bonds
(Buunk, Massar, Dijkstra, & Fernández, 2019).

It is noteworthy that agonism and intervention attempts
were more frequent from males and more likely to target
dyads containing estrous females; however, the lack of a sig-
nificant interaction between actor sex and targets’ reproduc-
tive state suggests that sexual coercion did not drive the ob-
served behavioral patterns (Muller, Kahlenberg, &
Wrangham, 2009; Smuts & Smuts, 1993). In fact, males were
more likely to intervene in same-sex (especially male-male) as
opposed to mixed-sex dyads, further suggesting that their be-
havior was not driven by sexual jealousy. The likely

explanation is the “political” one offered by de Waal (1982)
and Nishida and Hosaka (1996) as the prevention or
undermining of hostile coalitions (see below). On the con-
trary, although their rates of jealous behavior were overall
lower, females were more likely to respond negatively to so-
cial closeness between mixed-sex dyads than other dyad
types. However, descriptively, this pattern appears to be the
result of mothers disrupting affiliative interactions between
their children and opposite-sex partners, rather than sexual
jealousy per se. Although our dataset lacked sufficient power
to test these patterns systematically, they highlight the various
strategic ends that jealous behavior may serve.

Under a functional approach to emotions, jealousy may be
advantageous across a number of social contexts in which

**

Fig. 2 Interaction (2 × 2) between
whether or not the target dyad
contained a newly introduced
female and whether the social
conditions for jealousy were met
(when the actor had a valuable
relationship to only one member
of the dyad, denoted by a solid
line) or not (when the actor had
valuable relationship to neither or
both member(s) of the dyad,
denoted by a dashed line), on the
occurrence of negative reactions
during the introduction period.
Large black points indicate
predicted values, bars represent
standard errors, and shading
denotes the 95% confidence
interval from the GLMM.
***P < 0.001; **P < 0.01;
*P < 0.05

*** **

Fig. 1 Interaction (3 × 2) between
observation period (pre-
introduction, introduction, post-
introduction) and whether the
social conditions for jealousy
were met (when the actor had a
valuable relationship to only one
member of the dyad, denoted by a
solid line) or not (when the actor
had valuable relationship to
neither or both member(s) of the
dyad, denoted by a dashed line),
on the occurrence of negative
reactions. Large black points
indicate predicted values, bars
represent standard errors, and
shading denotes the 95%
confidence interval from the
GLMM. ***P < 0.001;
**P < 0.01; *P < 0.05
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there are perceived threats to fitness-enhancing social relation-
ships (e.g., mate-guarding, sibling and parental competition,
friendship), but sexual jealousy is the scenario most often
invoked (Buss, 2000). The present study broadens this scope
to highlight jealousy’s additional role in the protection of non-
sexual social bonds, which adds to a literature that has thus far
only alluded to this ultimate explanation in primates (Mielke
et al., 2017), or explicitly tested corresponding predictions in
the context of interspecific bonds between dogs and their hu-
man owners (Abdai et al., 2018; Cook et al., 2018; Harris &
Prouvost, 2014; Prato-Previde, Nicotra, Fusar Poli, et al.,
2018; Prato-Previde, Nicotra, Pelosi, et al., 2018).

The conspecific context analyzed here illuminates intraspe-
cific selection pressures that may also give rise to jealous be-
havior in various animal societies. For instance, chimpanzees
and mangabeys monitor others’ grooming interactions and in-
tervene when the alliance between groomers could negatively
impact their social relationships and rank (Mielke et al., 2017).
In both species, bystanders intervened more when they had a
strong affiliative relationship with one or both groomers, con-
trasting with the current study’s finding that negative reactions
peaked when bystanders were strongly affiliated to just one of
the target dyad’s members. Although we would not discount
that other relationship configurations prompt jealousy (indeed,
this was one reason for examining main effects on negative
reactions overall, in addition to interactions with relationship
quality), the present work assumes that a proximate jealousy
mechanism would motivate bystanders to deter newly intro-
duced group members (who have yet to form stable social
bonds) from disrupting existing strong relationships.
Nonetheless, it is certainly conceivable that an individual
would be jealous when two valuable social partners affiliate,
presuming this affiliation could threaten the individual’s
existing bond with one or both of those partners. The disparity
between our results and those reported in Mielke et al. (2017)
could further be attributable to the study setting (captivity vs.
wild) or to the present study’s inclusion of a wider repertoire of
triadic interactions (i.e., not just grooming interventions).
Although we found no effect of dominance on negative reac-
tions to dyadic social closeness (cf Mielke et al.’s (2017) result
that rank-related patterns predicted bystanders’ intervention
tendencies), our finding that males were especially likely to
disrupt male-male affiliation could reflect similar strategic mo-
tivations. Such triadic interactions among males have been pre-
viously described in chimpanzees as “separating interventions”
(de Waal, 1982; Nishida & Hosaka, 1996), which function to
deter individuals with similar rank from forming alliances.
Although we did not test the efficacy of these behaviors in
disrupting immediate affiliation or future hostile coalitions,
the general notion that interventions generally function to pre-
vent future alliances and competition has received additional
support in ravens (Massen, Szipl, Spreafico, & Bugnyar, 2014)
and horses (Schneider & Krueger, 2012).

Interestingly, a recent study in humans reported that
jealousy is calibrated according to the amount of time a
friend and interloper spend together (i.e., it increases with
the frequency of friend-interloper interactions: Krems,
Williams, Kenrick, & Aktipis, in press). Although not
one of our study’s original predictions, that chimpanzees’
negative reactions to social closeness increased with the
rate of affiliation between B and C suggests that individ-
uals felt more threatened (and behaved accordingly) when
potential interlopers consumed more of their partners’
time. This contrasts with chimpanzee and raven interven-
tions wherein bystanders interrupted more when interac-
tants exhibited weaker bonds (Massen et al., 2014;
Mielke et al., 2017). Nonetheless, in the present work, B-
C’s affiliative rate could have also merely provided more
opportunities for A to interrupt, a confound that future
research could attempt to disentangle.

Despite its recent momentum, the topic of animal emo-
tions continues to raise a number of challenging questions
and controversies (de Waal, 2019). One persistent debate
centers on the extent to which emotions are private expe-
riences, which cannot be directly measured in others. This
explains why many affective researchers advocate for a
science of emotions separate from that of feelings—the
latter referring to private states that cannot be known in
others, and the former being manifested in behavior,
physiology, and other measurable phenomena (Adolphs
& Anderson, 2018; Allen & Bekoff, 1997; Damasio,
2004; de Waal, 2011; Prinz, 2005). Another common fea-
ture of contemporary debates about animal emotions is the
extent to which animals even have the capacity for sec-
ondary (non-basic) emotions, compounded by a reluc-
tance to impute human mental and emotional states to
other species. Historically, it is noteworthy that the study
of other social emotions such as empathy has gone
through similar iterations—originally considered mere an-
thropomorphic projection, empathy is now a term widely
used to describe behavior across the animal kingdom (de
Waal & Preston, 2017; Pérez-Manrique & Gomila, 2018).
Similar discussions are unfolding about animal jealousy
(see commentary around (Cook et al., 2018)), which will
benefit (as did the study of empathy) from considering the
social relationships and contexts most likely to elicit the
emotion.

Lastly, chimpanzee introductions are notoriously difficult,
often involving protracted aggression towards newcomers
and resulting injuries (Brent, Kessel, & Barrera, 1997); and
yet, the social emotions underlying this process remain
largely overlooked. As waitlists at zoos densify and research
chimpanzees move to sanctuaries (de Waal, 2012), staff will
increasingly face the complex task of planning and manag-
ing introductions. Ensuring adequate animal welfare will
require a richer consideration of socioemotional capacities
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like jealousy. For instance, aggression towards new group
members may stem from a desire to protect existing social
bonds as much as an aggressive tendency towards strangers
in and of themselves. Moreover, although not a focus of this
paper, evidence for individual differences in jealousy in
humans (Collibee & Furman, 2016; Parker, Low, Walker,
& Gamm, 2005) as well as in chimpanzees from personality
trait rating approaches (Freeman et al., 2013) highlights
individual-level considerations that future research could ex-
plore, ideally with a more longitudinal focus. Although jeal-
ous individuals may encounter difficulty adapting to the in-
troduction and socialization of new group members, less
jealous individuals may incur costs if they lose valuable
relationships to social intruders. Either way, the study of
animal jealousy has ethical implications for an often-
unacknowledged consequence of captivity—the artificial na-
ture of the social situation and its concomitant emotional
ramifications.

Conclusion

Situating animal research on jealousy in the context of
social relationships represents a key step forward in the
development of hypotheses, theoretical frameworks, and
novel methodological approaches to s tudy this
socioemotional capacity. Identifying homologous human-
animal emotional processes, keeping the science of emo-
tions separate from that of feelings, considering the ethi-
cal implications of animal emotional complexity, and pur-
suing these questions in the widest range of study systems
possible are all central to this endeavor.
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