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Inter-individual coordination (IIC) at the behavioral and
physiological level, and its association with courtship and pair-
bond maintenance, have been receiving increased attention in
the scientific literature in recent years. However, there is no
integrative framework combining the plethora of findings in
humans and nonhuman species yet that addresses the
evolutionary origins of IIC. Here, we take acomparative approach
and review findings on the link between 1IC and pair-bond
formation, maintenance, and bi-parental care. Our review
suggests that across socially monogamous species, IIC - at a
behavioral and physiological level - is correlated with the
likelihood of forming and retaining a pair-bond, and with
reproductive success. We expand on the pair-bonding
hypothesis by stating that higher levels of [IC might be beneficial
for relationship quality and bi-parental care and, as a result, might
also become a preferred trait in the formation and maintenance of
a pair-bond. We further discuss the key questions to disentangle
the evolution of IIC based on this hypothesis.
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Introduction
Human pair-bonding is characterized by a deeply emo-
tional long-term bond.” Spending time with a significant

5 Here pair-bonding is not restricted to an exclusive assortment
between one male and one female (e.g. social monogamy in cross-
species research or monogamous marriage arrangement in human socie-
ties). Pair-bonds can refer to any lasting reproductive relationship
between two individuals, including those in polyandrous and polygy-
nous relationships [1].

otheris associated with feelings of happiness [2], especially
in committed relationships [3]. Such positive affect is an
important characteristic of romantic bonds in humans, as it
likely promotes the ultimate function of such bonds: moti-
vating both parents to jointly care for their offspring [4].
However, the characteristics of a successful pair-bond and
the fundamental prerequisites for successfully raising off-
spring remain not well understood. Nonetheless, the ulti-
mate challenges faced by all species exhibiting bi-parental
care are similar: raising and caring for their offspring, and
crucially, dividing the tasks necessary for this goal. In this
review, we outline a mechanism that might underlie suc-
cessful relationship initiation, maintenance, and bi-paren-
tal care, namely inter-individual coordination (IIC). We
present evidence suggesting that relationships that are or
have the potential to be long-lasting might be characterized
by IIC at both behavioral and physiological level, and that
this pattern might extend to non-human species as well.

IIC refers to the behavioral and physiological linkage
between two or more individuals [5°], and encompasses
mimicry, synchrony [6], and complementary action [7].°
Thus, while behavioral linkage mostly manifests itself
externally (e.g., body posture), physiological linkage is
mostlyassociated with co-activation and regulation of inter-
nal processes (e.g., autonomic nervous system responses).
In this review, we define I1C as the co-variation of behav-
ioral and physiological responses between two individuals
that share acommon goal. For example, while on a first date
we feel nervous yet see our potential partner smiling, we
might smile back and experience a decrease in nervousness
and increase in happiness. In other words, we might coordi-
nate with the person opposite of us both on a behavioral and
physiological level. Figure 1 depicts how IIC is associated
with different aspects of pair-bonding. For example, 11C
facilitates bond formation in humans [8], and results in
effective cooperation [9,10], a relevant component of bi-
parental care. Accordingly, human courtship is strongly
associated with IIC [11] and IIC has been implicated in
relationship maintenance [12]. Thus, IIC might be a crucial
element for successful bond formation and maintenance,
and consequently, bi-parental care.

Non-humananimalsalsoshow IIC[9],ascanforexample be
observed in turn-taking [13] or facial mimicry [14].

© It should be noted that physiology and behavior are not indepen-
dent, but rather embedded in a continuous feedback loop, where one
level informs the other [5°].
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Figure 1
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Schematic representation of the effect of inter-individual coordination (lIC) on different stages of the pair-bonding process. Each stage contains an

example from humans (H) and non-human animals (NHA).

Specifically, species with bi-parental care, such as many bird
species, might be suitable models to study the role of IIC in
relationship initiation and maintenance. Indeed, species
with bi-parental care display IIC in mutual courtship beha-
viors, such as vocal duetting [15] and parental care [16°°]
(Figure 1). In this review, we outline evidence suggesting
that IIC is prevalent in pair-bonding species and, from an
adaptationist point of view, might confer reproductive
benefits, such as more offspring or higher offspring survival.
We set out to answer two main questions. First, how is IIC
reflected in different components of pair-bonding (i.e.
initiation, maintenance, and bi-parental care)? Second,
how is IIC manifested on a behavioral and physiological
level? Our goal is to integrate findings from psychology and
ethology and create an inter-disciplinary framework for
studying the role of IIC in pair-bonding.

Humans

Behavioral level

It is difficult to envision romantic interactions without
coordination with a partner. Indeed, as outlined below,
evidence shows that humans exhibit substantial IIC in
the context of romantic love. In particular, patterns of
behavioral coordination during first romantic encounters
have been referred to as the human courtship dance [17].
For example, Grammer e7 a/. describe a pattern of syn-
chrony between couple members, where women, when

interested in their partner, synchronize their movements
with their partner [11]. Moreover, in a recent study [18°°],
participants were more interested in meeting a stranger
again after engaging in synchronized activity together
compared to a non-synchronized activity. Given that
IIC is associated with shared intentionality [19], these
findings suggest that IIC enables bond formation perhaps
by facilitating the establishment of a common motiva-
tional framework.

IIC is also crucial in the maintenance of a pair-bond.
Recently, Sharon-David er a/. [20] demonstrated that
participants who imagined having a synchronous interac-
tion with their partner reported higher levels of intimacy
in their relationship, while this was not the case for
imagined out-of-sync interactions. Even more convinc-
ingly, Maister and I'sakiris [21] asked participants to
perform one of two behaviors: either open or close their
mouths. Simultaneously, participants were presented
with pictures of their romantic partner or friends (as a
control group) performing the same expression or not.
Their results showed that participants imitated their
romantic partner more often and faster than a platonic
friend; suggesting that specifically romantic affiliation is
more contingent on IIC. Crucially, similar evidence sup-
ports these findings based on real-life interactions: satis-
fied couples exhibited more movement coordination

www.sciencedirect.com
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compared to dissatisfied couples [22]. It is likely that
these findings might also extend to emotional contagion,
which is more prevalent amongst affiliated individuals
[23]. For example, new parents that report higher rela-
tionship satisfaction are also more empathic towards each
other [24]. Altogether, these findings suggest that IIC
plays an important role in relationship maintenance.

Studies investigating bi-parental care and IIC in humans
are at present limited. T'wo main patterns become appar-
ent in the literature. First, marital satisfaction affects
coordination within couples, and disruptions in coordina-
tion might consequently reduce paternal investment
[25,26]. Second, decreases in paternal investment might
reduce parental reciprocity [27], meaning that parental
behaviors are more authoritative and less responsive to
the infant’s needs. Additionally, contexts where one
parent undermines or does not support the other during
parent-infant interactions might increase the likelihood of
fearful temperament in the infant [28]. Thus, despite the
limited number of studies and the complex triadic rela-
tionships, this preliminary evidence suggests that IIC
affects bi-parental care, either directly or indirectly
through marital satisfaction.

Physiological level

While behavioral IIC has received ample attention over
the last decades, recent years have revealed a dramatic
increase interest for physiological synchrony. Physiologi-
cal synchrony is the co-activation and regulation of phys-
iological processes, such as the autonomic nervous system
and the endocrine system [5°,29]. In humans, physiologi-
cal synchrony might be beneficial in facilitating pair-bond
formation, as it might blur the boundaries between the
self and the other and aid in establishing a shared per-
spective. Despite limited evidence regarding physiologi-
cal linkage in couples over time, recent research [30°°] has
shown that heart rate (HR) and electrodermal activity
(EDA) synchrony might be associated with increased
attraction to an opposite-sex stranger. In conclusion,
preliminary evidence suggests that physiological syn-
chrony during courtship might influence its future pro-
spects. However, more research is needed to investigate
this complex relationship, especially the causality.

What do we know about physiological synchrony in
couples? The different methodological and statistical
approaches make this topic difficult to examine [31].
The level of physiological synchrony exhibited in a
couple might be influenced by physical and emotional
closeness [32,33]. Therefore, it would be logical to
assume that more linkage occurs in a long-term relation-
ship. However, whether this increased physiological syn-
chrony is beneficial for a long-term relationship remains
heavily debated. Previous research has shown that per-
spective taking ability and physiological synchrony are
positively associated [34], which might support the notion

that synchrony is beneficial in communication and con-
sequently maintenance of a romantic bond.

Accordingly, emotional responses seem to align in cou-
ples over time [35]. This pattern, however, is complex and
requires further empirical investigation [36]. This is also
reflected in studies on physiological synchrony. Studies
focusing on the sympathetic nervous system (SNS), a
measure of arousal, during conflicts have shown counter-
intuitive results. In their study, Levenson and Gottman
[12] showed that couples exhibiting more SNS synchrony
during conflicts reported lower marital satisfaction. Simi-
larly, a recent study demonstrated that SNS linkage is
related to a greater degree of demand-withdraw behavior
during conflict [37]. These findings suggest that syn-
chrony in negative contexts is detrimental to relationship
maintenance. However, this assumption might be prema-
ture. Research has demonstrated that a ‘regulatory
linkage’ strategy, whereby when one partner is negatively
aroused the other downregulates their physiological
response, might be more beneficial in de-escalating
and resolving conflicts than a positive co-activation of
the SNS [37,38,39°°]. These findings reflect the complex-
ity of investigating physiological synchrony and relation-
ship maintenance.

Non-human animals

Behavioral level

There are many examples of IIC that highlight its link
with the formation or maintenance of pair-bonds, such
as courtship displays in birds. Specifically, recent evi-
dence demonstrates that familiar dyads of zebra finches
(Taeniopygia guttata) that had been briefly separated
showed stronger IIC after being reunited than novel
dyads [40]. There are similar examples illustrating the
importance of mutual courtship displays for initiation or
maintenance of the pair-bond [41-43]. Crucially, suc-
cessful coordination has been linked to pair-bonding
and fitness [16°°]. For example, well-coordinated pairs
might be more successful in territorial defense and
reduce offspring predation risk by synchronizing nest
visits. A clear example of the importance of behavioral
compatibility is provided by Ihle ez a/. [44°], who found
that zebra finch couples that showed a mutual mate
preference had a 37% higher reproductive success than
experimentally ‘forced’ pairs. Crucially, individuals of
mutually chosen pairs were staying closer together and
showed more synchronous behavior. Importantly, this
design allowed the authors to isolate the effect of
parental care while controlling for genetic quality of
offspring and parents, thereby convincingly demonstrat-
ing the importance of IIC in bi-parental care. Corrobo-
rating evidence comes from graylag geese (Anser anser),
where reproductively unsuccessful pairs lacked coordi-
nation [45]. Also, blue-footed boobies (Sula nebouxii)
that have been together for a longer time produce more
fledglings, even when controlling for experience [46].
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Importantly, the authors suggest that increased within-
pair coordination over time could be the mechanism
underlying this difference in reproductive success. Alto-
gether, these examples illustrate that IIC can enhance
reproductive output in birds.

In the past century, similar evidence has been shown for
non-human primates. In general, coordination is more
apparent in affiliated individuals [13,14]. Many primate
species with bi-parental care are characterized by their
duetting behavior, a clear example of IIC. Importantly,
such duets seem to be restricted to pair-bonding
primate species [15]. A famous example concerns sia-
mangs (Symphalangus syndactylus), where duration and
intensity of duetting correlated with relationship quality
[47]; suggesting that the stronger the relationship, the
smoother the song. Recently, these findings were
extended to facial mimicry in gibbons: pairs with strong
facial mimicry had a greater relationship quality [48°].
Importantly, the direction of causality is not clear yet. It is
likely that IIC and pair-bond strength are embedded in a
feedback loop; however, further research is needed to
examine this notion.

Physiological level

Few studies have investigated physiological synchrony in
non-human animals, and data in pair-bonding contexts are
especially rare. This also applies to studies investigating
physiological synchrony on a moment-to-moment basis
[49], mainly due to methodological challenges. The few
studies that investigated pair-bonding species and physio-
logical synchrony have established that pairs synchronize on
a hormonal level. For example, dyadic bond strength is
associated with oxytocin synchrony in common marmosets
(Callithrix jacchus) [50], and concentrations of hormones
correlate in pairs of multiple bird species [16°°]. Hormonal
synchrony is crucial during mating periods because the
hormonal state of one partner might induce courtship behav-
ior, consequently changing the hormonal state and behavior
of the other [51,52]. Comparable patterns have been found in
humans, where men whose testosterone levels correlate with
their partner’s during pregnancy are more involved in raising
their child and maintaining their relationship [53]. Thus, this
preliminary evidence suggests that hormonal synchroniza-
tion is relevant to establish a successful pair-bond and
successfully care for offspring across species.

The pair-bonding hypothesis

Here, we have reviewed the literature on pair-bonding and
IIC in humans and non-human animals. Our brief review
suggests that [IC between partners might be a fundamental
prerequisite for pair-bonding initiation, maintenance, and
most likely, bi-parental care. Crucially, this prerequisite
seems to be deeply rooted and extends beyond humans.
Similar to humans, some animal species are faced with
ultimate challenges relating to bi-parental care and rela-
tionship maintenance, such as producing, defending, and

lIC in pair-bonding Roth et al. 101

providing for their offspring together. All these challenges
are easier to address when behavior is well-coordinated.
Thus, when investigating the origin of partner bond-related
behavior in humans, we should not overlook data from
species facing similar challenges, namely raising offspring
while relying on another individual. Therefore, we posit
that a comparative framework integrating IIC and pair-
bonding provides exciting opportunities to study the adap-
tive value of IIC in romantic relationships.

Here, we re-introduce and build upon the pair-bonding
hypothesis. This hypothesis suggests that in species with
bi-parental care, pair-bond strength is crucial for suc-
cessful breeding [54]. While Rasmussen [54] refers to
only the relationship between pair-bond strength and
reproductive output, we specifically suggest that I1C
could be the underlying mechanism. First, IIC and
pair-bond strength might form a positive feedback loop,
so that coordination between individuals increases and
the pair-bond can stand the test of time. Increased 11C
might in turn improve reproductive output because of
improved offspring care; however, sustaining the exist-
ing pair-bond in itself might also be beneficial. Indeed,
divorcing may bear reproductive consequences, such as
the need to search for a new partner. Second, IIC might
mainly function to set a high baseline pair-bond strength
during initial stages of bonding, so that only well-coor-
dinated couples will be established. Although not mutu-
ally exclusive, the first explanation is well-supported by
literature showing that reproductive success and I1C
increase over time [46,55].

The idea that IIC plays a pivotal role in pair-bonding and
reproductive success of a pair results in three main predic-
tions. First, in species with bi-parental care, IIC should be
apparent during courtship, because high amounts of [IC are
necessary to successfully raise offspring. Second, well-
coordinated pairs that perform coordinated displays should
have a stronger and more durable pair-bond than other
pairs. Third, well-coordinated pairs should have higher
reproductive fitness (reflected in either more offspring or
higher survival rate) than pairs that are not well-coordi-
nated. These predictions can for example be studied using
cross-overdesigns [56]. InTable 1, we outline a few options
to investigate these questions in both humans and non-
human animals. For example, pair-bond strength can be
quantified by incorporating measures of proximity and
grooming or allopreening [57,58]. Consequently, their rela-
tionship with coordination [e.g., synchrony; 45] can be
investigated to understand whether between-pair variation
in pair-bond strength is associated with between-pair vari-
ation in IIC. A comparative framework provides clear
advantages to test these predictions, especially regarding
reproductive output. Importantly, for both humans and
non-human animals it remains to be established at what
level the coordination will be present: behavioral, physio-
logical, or both.

www.sciencedirect.com
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Table 1

Overview of research designs suitable for each pair-bonding stage for humans and non-human animals

Stage of Humans

pair-bond

Non-human animals

Initiation Speed-date paradigms

During speed dates, the daters’ behavioral and physiological
linkage can be measured and used to predict date outcomes

Maintenance Correlational studies

In a longitudinal setup, the behavioral and physiological linkage of
couples can be measured (e.g., from the start of the relationship)

and correlated with indicators of relationship satisfaction.
Bi-parental  Correlational studies

care

In a longitudinal or cross-sectional setup, the behavioral and
physiological linkage of couples can be measured (e.g., from the
start of the relationship) and correlated with investment in bi-
parental care and relevant measures of reproductive fitness (e.g.,

health or developmental measures).

Mate-choice arenas

In a mate-choice arena, one individual is confronted with multiple
potential mates. Behavioral and physiological linkage can be
measured and used to predict mate preference.

Correlational studies

In a correlational setup, variation in relationship quality can be
linked to variation in IIC, such as vocal duetting or mutual
courtship displays.

Cross-foster studies?®

In cross-foster studies, some eggs or offspring are removed from
the nest of their biological parents and raised by surrogates. This
allows one to study the effect of [IC while controlling for genetic
quality of the offspring. Thus, the effect of parental IIC on parental
care can be examined in isolation. For an example, see [44°,61].
Cross-over/serial breeding studies®

In cross-over designs, individuals can be sequentially paired with
partners with whom they vary in IIC. This within-subject design
allows the study of the effect of parental IIC on parental care while
controlling for individual quality of the parents. For an example,
see Ref. [56].

Correlational studies

In a longitudinal or cross-sectional setup, the behavioral and
physiological linkage of pairs can be measured (e.g., from the
start of the pair-bond) and correlated with investment in bi-
parental care and relevant reproductive fithess measures (e.g.,
offspring quantity and/or offspring survival).

2 In birds and some primate species (e.g., marmosets).
® |n serially monogamous birds or primates.

The link between IIC and pair-bonding is a natural
extension of previous work that links specific behavioral
phenomena to pair-bonding. For example, Julian Hux-
ley already reported on the function of courtship rituals
in 1914, Huxley extensively studied courtship displays
in Great Crested Grebes (Podiceps cristatus) and argued
that coordinated actions and the resulting emotional
synchrony functioned to strengthen their pair-bond
[59, p. 516]: 1 believe thar the courtship ceremonies serve
to keep the two birds of a pair together, and to keep them
constant to each other’. 'Thus, Huxley explicitly proposed
I1IC as a mechanism for pair-bonding. A similar approach
was taken to explain vocal duetting in birds [60]. The
bottom line of these models is that performing coordi-
nated displays helps the initiation of a new pair-bond,
strengthens an existing pair-bond and in turn, improv-
ing the quality of bi-parental care. Thus, we have
integrated both the notion that pair-bond strength is
essential for reproductive fitness, and the notion that
I1IC is crucial for establishing and maintaining such a
pair-bond. Furthermore, we illustrate that IIC itself
might play a role in reproductive fitness.

Conclusion and future directions

T'o delineate whether and when IIC is adaptive in pair-
bonding, it is crucial to compare humans to other animals.
Therefore, interdisciplinary studies by biologists and

psychologists are essential. Recent theoretical models
integrating findings from non-human animals and humans
[6,62] have highlighted the importance of IIC for affilia-
tion. However, the challenges inherent to such research
(e.g., subtlety of emotional cues [63]) illustrate the need
to focus on other measures, such as responses of the
autonomic nervous system. Autonomic responses (e.g.,
pupil size change, blushing, sweating) are linked to
emotions and are not under voluntary control [6]. Previ-
ous research has shown that pupil size [49] and facial
temperature [64] can be effectively used in research with
non-human primates. These methods provide exciting
opportunities to study physiological synchrony in non-
human animals.

In the present review, we provided a comparative over-
view of the relationship between IIC and pair-bonding.
We have outlined the relationship of IIC and pair-bond-
ing, as well as bi-parental care. However, we did not find
sufficient evidence to delineate the direction of causality.
In other words, does IIC actually cause a stronger pair-
bond, or do individuals that are compatible just show
better coordinated behavior? An explicitly comparative
approach [e.g., as in voles: 65] can be fruitful in answering
this and many other questions such as, do closely related
species that differ with regards to bi-parental care and
pair-bonding also differ in the amount and contexts in

Current Opinion in Behavioral Sciences 2021, 39:98-105
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which IIC is occurs? Further development of comparative
theoretical will allow us to explain IIC findings in humans
and other animals and advance the understanding of this
multi-faceted relationship.

Conflict of interest statement
Nothing declared.

CRediT authorship contribution statement
Tom S Roth: Conceptualization, Writing - original draft,
Writing - review & editing. Iliana Samara: Conceptuali-
zation, Writing - original draft, Writing - review & editing.
Jingzhi Tan: Writing - review & editing. Eliska Prochaz-
kova: Writing - review & editing. Mariska E Kret:
Conceptualization, Supervision.

Acknowledgements

MEK was funded by a Netherlands Science Foundation 016.VIDI.185.036,
ERC 2020 (H2020 European Research Council) Program for Research and
Innovation Grant (#804582), and Templeton World Charity Foundation
(the Diverse Intelligences Possibilities Fund) grants. EP was funded by a
Talent Grant 406-15-026 from the Netherlands Science Foundation (to
MEK and EP).

References and recommended reading
Papers of particular interest, published within the period of review,
have been highlighted as:

e of special interest
ee Of outstanding interest

1. Rooker K, Gavrilets S: Evolution of long-term pair-bonding in
humans. In Encyclopedia of Evolutionary Psychological
Science. Edited by Weekes-Shackelford V, Shackelford TK,
Weekes-Shackelford VA. Springer International Publishing;
2016:1-14.

2. Flood SM, Genadek KR: Time for each other: work and
family constraints among couples. J Marriage Fam 2016,
78:142-164.

3. Hudson NW, Lucas RE, Donnellan MB: The highs and lows of
love: romantic relationship quality moderates whether
spending time with one’s partner predicts gains or losses in
well-being. Pers Soc Psychol Bull 2019, 46:572-589 http://dx.doi.
org/10.1177/0146167219867960.

4. Finkel EJ, Eastwick PW: Attachment and pairbonding. Curr Opin
Behav Sci 2015, 3:7-11.

5. Mayo O, Gordon I: In and out of synchrony—behavioral and

. physiological dynamics of dyadic interpersonal coordination.
Psychophysiology 2020, 57:e13574.

The authors developed a novel computational model combining beha-

vioral and physiological inter-individual coordination. The authors high-

light the interplay between approaching and retreating from the partner in

terms of the resulting IIC level.

6. Prochazkova E, Kret ME: Connecting minds and sharing
emotions through mimicry: a neurocognitive model of
emotional contagion. Neurosci Biobehav Rev 2017, 80:99-
114.

7. Skewes JC, Skewes L, Michael J, Konvalinka I: Synchronised and
complementary coordination mechanisms in an asymmetric
joint aiming task. Exp Brain Res 2015, 233:551-565.

8. Launay J, Tarr B, Dunbar RIM: Synchrony as an adaptive
mechanism for large-scale human social bonding. Ethology
2016, 122:779-789.

9. Duranton C, Gaunet F: Behavioural synchronization from an
ethological perspective: overview of its adaptive value. Adapt
Behav 2016, 24:181-191.

IIC in pair-bonding Roth et al. 103

10. Behrens F, Snijdewint JA, Moulder RG, Prochazkova E, Sjak-
Shie EE, Boker SM, Kret ME: Physiological synchrony is
associated with cooperative success in real-life interactions.
Sci Rep 2020, 10:19609.

11. Grammer K, Kruck KB, Magnusson MS: The courtship dance:
patterns of nonverbal synchronization in opposite-sex
encounters. J Nonverbal Behav 1998, 22:3-29.

12. Levenson RW, Gottman JM: Marital interaction: physiological
linkage and affective exchange. J Pers Soc Psychol 1983,
45:587-597.

13. Pika S, Wilkinson R, Kendrick KH, Vernes SC: Taking turns:
bridging the gap between human and animal communication.
Proc R Soc B Biol Sci 2018, 285 20180598.

14. Palagi E, Celeghin A, Tamietto M, Winkielman P, Norscia I: The
neuroethology of spontaneous mimicry and emotional
contagion in human and non-human animals. Neurosci
Biobehav Rev 2020, 111:149-165.

15. Haimoff EH: Convergence in the duetting of monogamous old
world primates. J Hum Evol 1986, 15:51-59.

16. Griffith SC: Cooperation and coordination in socially

ee monogamous birds: moving away from a focus on sexual
conflict. Front Ecol Evol 2019, 7:455.

The author reviews the literature on cooperation and coordination of

behavior in socially monogamous birds. The author also outlines the

importance of partner compatibility and reviews multiple examples of

how behavioral and physiological coordination is related to measures of

fitness.

17. Birdwhistell RL: Kinesics and Context: Essays on Body Motion
Communication. University of Pennsylvania Press; 1970.

18. Birnbaum GE, Mizrahi M, Reis HT: Fueled by desire: sexual
ee activation facilitates the enactment of relationship-
initiating behaviors. J Soc Pers Relationsh 2019, 36:3057-
3074.
The authors investigated sexual desire and romantic bonding in
dyadic interactions between strangers. They found that attraction
towards the other was associated with more synchrony between
the individuals, and in turn increased the likelihood of wanting to meet
the stranger again.

19. Kurtz FB, Rennebohm SB, Teal SM, Charleson JS, Thoburn JW:
Investigating the relationship between behavioral synchrony
and dimensions of interpersonal attraction: why task
attraction rises above the others. Couple Fam Psychol Res Pract
2019, 8:10-23.

20. Sharon-David H, Mizrahi M, Rinott M, Golland Y, Birnbaum GE:
Being on the same wavelength: behavioral synchrony between
partners and its influence on the experience of intimacy. J Soc
Pers Relat 2019, 36:2983-3008.

21. Maister L, Tsakiris M: Intimate imitation: automatic motor
imitation in romantic relationships. Cognition 2016,
152:108-113.

22. Julien D, Brault M, Chartrand E, Bégin J: Immediacy behaviours
and synchrony in satisfied and dissatisfied couples. Can J
Behav Sci 2000, 32:84-90.

23. Preston SD, de Waal FBM: Empathy: its ultimate and proximate
bases. Behav Brain Sci 2002, 25:1-20.

24. Rosen NO, Mooney K, Muise A: Dyadic empathy predicts sexual
and relationship well-being in couples transitioning to
parenthood. J Sex Marital Ther 2017, 43:543-559.

25. Kitzmann KM: Effects of marital conflict on subsequent
triadic family interactions and parenting. Dev Psychol 2000,
36:3-13.

26. Belsky J, Youngblade L, Rovine M, Volling B: Patterns of marital
change and parent-child interaction. J Marriage Fam 1991,
53:487-498.

27. Feldman R: Maternal versus child risk and the development of
parent-child and family relationships in five high-risk
populations. Dev Psychopathol 2007, 19.

28. Metz M, Majdandzi¢ M, Bogels S: Concurrent and predictive
associations between infants’ and toddlers’ fearful

www.sciencedirect.com

Current Opinion in Behavioral Sciences 2021, 39:98-105


http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0005
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0005
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0005
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0005
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0005
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0010
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0010
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0010
http://dx.doi.org/10.1177/0146167219867960
http://dx.doi.org/10.1177/0146167219867960
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0020
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0020
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0025
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0025
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0025
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0030
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0030
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0030
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0030
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0035
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0035
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0035
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0040
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0040
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0040
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0045
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0045
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0045
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0050
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0050
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0050
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0050
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0055
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0055
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0055
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0060
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0060
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0060
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0065
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0065
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0065
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0070
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0070
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0070
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0070
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0075
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0075
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0080
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0080
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0080
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0085
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0085
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0090
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0090
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0090
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0090
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0095
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0095
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0095
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0095
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0095
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0100
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0100
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0100
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0100
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0105
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0105
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0105
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0110
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0110
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0110
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0115
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0115
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0120
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0120
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0120
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0125
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0125
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0125
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0130
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0130
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0130
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0135
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0135
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0135
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0140
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0140

104 Emotion, motivation, personality and social sciences *positive affect*

temperament, coparenting, and parental anxiety disorders. J
Clin Child Adolesc Psychol 2018, 47:569-580.

29. Palumbo RV, Marraccini ME, Weyandt LL, Wilder-Smith O,
McGee HA, Liu S, Goodwin MS: Interpersonal autonomic
physiology: a systematic review of the literature. Pers Soc
Psychol Rev 2017, 21:99-141.

30. Prochazkova E, Sjak-Shie EE, Behrens F, Lindh D, Kret ME: The
ee choreography of human attraction: physiological synchrony in
a blind date setting. bioRxiv 2019 http://dx.doi.org/10.1101/
748707.
The authors examined the role of synchrony in early romantic interactions
using a novel speed-dating paradigm combined with physiological mea-
sures (i.e. electrodermal activity, heart rate, pupil size). Their results show
that physiological synchrony between members of a dyad predicted
attraction more reliably than facial mimicry.

31. Timmons AC, Margolin G, Saxbe DE: Physiological linkage in
couples and its implications for individual and
interpersonal functioning: a literature review. J Fam
Psychol 2015, 29:720-731.

32. Helm JL, Sbarra D, Ferrer E: Assessing cross-partner
associations in physiological responses via coupled oscillator
models. Emotion 2012, 12:748-762.

33. Freihart BK, Meston CM: Preliminary evidence for a
relationship between physiological synchrony and sexual
satisfaction in opposite-sex couples. J Sex Med 2019,
16:2000-2010.

34. Schoebi D: The coregulation of daily affect in marital
relationships. J Fam Psychol 2008, 22:595-604.

35. Anderson C, Keltner D, John OP: Emotional convergence
between people over time. J Pers Soc Psychol 2003, 84:1054-
1068.

36. Sels L, Cabrieto J, Butler E, Reis H, Ceulemans E, Kuppens P: The
occurrence and correlates of emotional interdependence in
romantic relationships. J Pers Soc Psychol 2019, 119:136-158
http://dx.doi.org/10.1037/pspi0000212.

37. Reed RG, Randall AK, Post JH, Butler EA: Partner influence and
in-phase versus anti-phase physiological linkage in romantic
couples. Int J Psychophysiol 2013, 88:309-316.

38. Liu S, Rovine MJ, Cousino Klein L, Aimeida DM: Synchrony of
diurnal cortisol pattern in couples. J Fam Psychol 2013, 27:579-
588.

39. Wilson SJ, Bailey BE, Jaremka LM, Fagundes CP, Andridge R,

ee Malarkey WB, Gates KM, Kiecolt-Glaser JK: When couples’
hearts beat together: synchrony in heart rate variability
during conflict predicts heightened inflammation
throughout the day. Psychoneuroendocrinology 2018, 93:107-
116.

The authors demonstrated whether physiological linkage during conflicts,

specifically in HRV, in couples predicts whether the members of a couple

reciprocated their partners negative affect.

40. Prior NH, Smith E, Dooling RJ, Ball GF: Familiarity enhances
moment-to-moment behavioral coordination in zebra finch
(Taeniopygia guttata) dyads. J Comp Psychol 2020, 134:
135-148.

41. Ota N, Gahr M, Soma M: Tap dancing birds: the multimodal
mutual courtship display of males and females in a socially
monogamous songbird. Sci Rep 2015, 5:16614.

42. Soma M, lwama M: Mating success follows duet dancing in the
Java sparrow. PLoS One 2017, 12:e0172655.

43. Dahlin CR, Benedict L: Angry birds need not apply: a
perspective on the flexible form and multifunctionality of avian
vocal duets. Ethology 2014, 120:1-10.

44. lhle M, Kempenaers B, Forstmeier W: Fitness benefits of mate
e choice for compatibility in a socially monogamous species.
PLoS Biol 2015, 13:61002248.

The authors used a mate choice paradigm to study the effect of mutual
mate choice on reproductive success. Zebra finches were either allowed
to choose a mate or they were paired with a ‘forced’ mate. By controlling
for genetic quality of both parents and offspring, the authors were able to
show that behavioral compatibility of the partners was higher in the

mutual mate choice condition, and that this translated into a significantly
higher reproductive success.

45. Nedelcu IT, Hirschenhauser K: Maintenance of the
monogamous pair bond. In The Social Life of Greylag Geese:
Patterns, Mechanisms and Evolutionary Function in an Avian
Model System. Edited by Weild BM, Scheiber IBR,
Hemetsberger J, Kotrschal K. Cambridge University Press;
2013:65-87.

46. Sanchez-Macouzet O, Rodriguez C, Drummond H: Better stay
together: pair bond duration increases individual fitness
independent of age-related variation. Proc R Soc B 2014,
281:20132843.

47. Geissmann T, Orgeldinger M: The relationship between duet
songs and pair bonds in siamangs, Hylobates syndactylus.
Anim Behav 2000, 60:805-809.

48. Florkiewicz B, Skollar G, Reichard UH: Facial expressions and

e  pair bonds in hylobatids. Am J Phys Anthropol 2018, 167:108-
123.

The authors studied different forms of synchrony in pair-bonding hylo-

batids (genera Nomascus, Hoolock, and Hylobates). While no correlation

between pair-bond strength and behavioral synchrony was found, the

authors did find a positive correlation between facial expression syn-

chrony and bond strength. The authors suggest that such synchrony

plays an important role in pair bond maintenance and coordination of

behavior.

49. Kret ME, Tomonaga M, Matsuzawa T: Chimpanzees and humans
mimic pupil-size of conspecifics. PLoS One 2014, 9.

50. Finkenwirth C, van Schaik C, Ziegler TE, Burkart JM: Strongly
bonded family members in common marmosets show
synchronized fluctuations in oxytocin. Physiol Behav 2015,
151:246-251.

51. Moore MC: Hormonal response of free-living male white-
crowned sparrows to experimental manipulation of female
sexual behavior. Horm Behav 1982, 16:323-329.

52. Hirschenhauser K: Testosterone and partner compatibility:
evidence and emerging questions. Ethology 2012, 118:799-
811.

53. Saxbe DE, Edelstein RS, Lyden HM, Wardecker BM,
Chopik WJ, Moors AC: Fathers’ decline in testosterone and
synchrony with partner testosterone during pregnancy
predicts greater postpartum relationship investment. Horm
Behav 2017, 90:39-47.

54. Rasmussen DR: Pair-bond strength and stability and
reproductive success. Psychol Rev 1981, 88:274-290.

55. Griggio M, Hoi H: An experiment on the function of the long-
term pair bond period in the socially monogamous bearded
reedling. Anim Behav 2011, 82:1329-1335.

56. Rutstein AN, Gilbert L, Tomkins JL: Experience counts: lessons
from studies of differential allocation. Behav Ecol 2005, 16:957-
960.

57. Silk J, Cheney D, Seyfarth R: A practical guide to the study of
social relationships. Evol Anthropol Issues News Rev 2013,
22:213-225.

58. Kenny E, Birkhead TR, Green JP: Allopreening in birds is
associated with parental cooperation over offspring care and
stable pair bonds across years. Behav Ecol 2017, 28:1142-
1148.

59. Huxley JS: The courtship habits of the great crested grebe
(Podiceps cristatus); with an addition to the theory of sexual
selection. Proc Zoolog Soc Lond 1914, 84:491-562.

60. Wickler W: Vocal dueting and the pair bond. Zeitschrift fur
Tierpsychologie 1980, 52:201-209.

61. Riesche L, Tardif SD, Ross CN, deMartelly VA, Ziegler T,
Rutherford JN: The common marmoset monkey: avenues for
exploring the prenatal, placental, and postnatal
mechanisms in developmental programming of pediatric
obesity. Am J Physiol Regul Integr Comp Physiol 2018, 314:
R684-R692.

Current Opinion in Behavioral Sciences 2021, 39:98-105

www.sciencedirect.com


http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0140
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0140
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0145
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0145
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0145
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0145
http://dx.doi.org/10.1101/748707
http://dx.doi.org/10.1101/748707
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0155
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0155
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0155
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0155
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0160
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0160
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0160
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0165
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0165
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0165
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0165
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0170
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0170
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0175
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0175
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0175
http://dx.doi.org/10.1037/pspi0000212
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0185
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0185
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0185
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0190
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0190
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0190
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0195
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0195
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0195
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0195
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0195
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0195
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0200
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0200
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0200
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0200
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0205
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0205
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0205
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0210
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0210
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0215
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0215
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0215
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0220
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0220
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0220
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0225
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0225
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0225
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0225
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0225
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0225
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0230
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0230
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0230
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0230
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0235
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0235
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0235
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0240
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0240
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0240
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0245
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0245
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0250
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0250
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0250
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0250
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0255
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0255
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0255
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0260
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0260
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0260
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0265
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0265
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0265
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0265
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0265
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0270
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0270
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0275
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0275
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0275
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0280
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0280
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0280
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0285
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0285
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0285
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0290
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0290
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0290
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0290
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0295
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0295
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0295
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0300
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0300
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0305
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0305
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0305
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0305
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0305
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0305

IIC in pair-bonding Roth et al. 105

62. de Waal FBM, Preston SD: Mammalian empathy: behavioural fights in chimpanzees: a thermo-imaging study. Physiol Behav
manifestations and neural basis. Nat Rev Neurosci 2017, 2016, 155:83-94.
18:498-509.
65. Young LJ, Winslow JT, Nilsen R, Insel TR: Species differences in
63. Kret ME: Emotional expressions beyond facial muscle actions. V, a receptor gene expression in monogamous and
A call for studying autonomic signals and their impact on nonmonogamous voles: behavioral consequences. Behav
social perception. Front Psychol 2015, 6. Neurosci 1997, 111:599-605.

64. Kano F, Hirata S, Deschner T, Behringer V, Call J: Nasal
temperature drop in response to a playback of conspecific

www.sciencedirect.com Current Opinion in Behavioral Sciences 2021, 39:98-105


http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0310
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0310
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0310
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0315
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0315
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0315
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0320
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0320
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0320
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0320
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0325
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0325
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0325
http://refhub.elsevier.com/S2352-1546(21)00053-X/sbref0325

	A comparative framework of inter-individual coordination and pair-bonding
	Introduction
	Humans
	Behavioral level
	Physiological level

	Non-human animals
	Behavioral level
	Physiological level

	The pair-bonding hypothesis
	Conclusion and future directions
	Conflict of interest statement
	References and recommended reading
	CRediT authorship contribution statement
	Acknowledgements


