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A central issue in the evolution of social complexity and the
evolution of communication concerns the capacity to communicate
about increasingly abstract objects and concepts. Many animals
can communicate about immediate behavior, but to date, none
have been reported to communicate about behavior during future
interactions. In this study, we show that a special, unidirectional,
cost-free dominance-related signal used by monkeys (pigtailed
macaques: Macaca nemestrina) means submission (immediate be-
havior) or subordination (pattern of behavior) depending on the
context of usage. We hypothesize that to decrease receiver uncer-
tainty that the signal object is subordination, senders shift con-
textual usage from the conflict context, where the signal evolved,
to a peaceful one, in which submission is unwarranted. We predict
and find that deceasing receiver uncertainty through peaceful
signal exchange facilitates the development of higher quality
social relationships: Individuals exchanging the peaceful variant
groom and reconcile more frequently and fight less frequently
than individuals exchanging signals only in the conflict context or
no signals. We rule out alternative hypotheses, including an
underlying reciprocity rule, temperament, and proximity effects.
Our results suggest that primates can communicate about behav-
ioral patterns when these concern relationship rules. The invention
of signals decreasing uncertainty about relationship state is likely
to have been critical for the evolution of social complexity and to
the emergence of robust power structures that feed down to
influence rapidly changing individual behavior.

cost-free signal | social complexity | subordination | uncertainty-
reduction | innovation

Some primates use a fascinating but poorly studied signal to
communicate about dominance. This signal is unidirectional: It
is always emitted by the same individual in a pair (1-3). The sender
emits the signal when a conflict arises once it has learned, based on
its agonistic interaction history with its opponent, it is likely to lose
contests with that opponent. The signal is a shortcut preventing the
conflict from escalating. It is a cost-free signal (4, 5), in that both
sender and receiver, in knowing the likely conflict winner, benefit
from the signaling interaction. It has been argued that the invention
of unidirectional dominance signals has enabled communication
about subordination, a pattern of behavior, rather than just sub-
mission in the present interaction (1, 2, 6). The basis for this
argument is that, unlike other dominance indicators (direction of
aggression, withdrawal behavior, etc.), unidirectional signals are
highly reliable and not subject to extradyadic influences, including
leverage, presence of third parties, or availability of allies (1).
Bound up in this claim are two important issues: (/) the functional
significance of subordination for social complexity (1, 7, 8) and (i7)
whether unidirectionality is sufficient to reduce receiver uncer-
tainty that the signal object is subordination (2, 9). In our study
species, the pigtailed macaque, this unidirectional signal is the silent
bared-teeth display (SBT). The signal occurs in two contexts. It is
emitted in response to aggression or threat of it by the receiver. This
“conflict context” is the context in which the signal is thought to
have evolved (10). It is also the context in which it has been studied.
The signal additionally occurs in apparently peaceful contexts,
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during pass-bys and approaches in the absence of any overt aggres-
sion or threatening behavior by the receiver. Unfortunately, in
those studies in which data on peacefully emitted SBTs have been
collected, the data have been lumped with agonistic context data in
the analyses (3, 11).

We investigate whether individuals exchanging the peaceful
variant have closer, less antagonistic relationships than those ex-
changing the signal only in the conflict context. The hypothesis is
that shifting contextual usage to the peaceful context, where
submission is unwarranted, reduces receiver uncertainty that the
sender is communicating agreement to a pattern of subordinate
behavior (Table 1). Reducing receiver uncertainty changes the
nature of the relationship by decreasing the rate of aggression
required to assay status. This, in turn, reduces constraints on
positive social interactions between sender and receiver. Elsewhere
(12) it has been shown that a temporally stable, highly predictive
power structure arises from the network of peacefully exchanged
signals. This power structure makes possible a particular type of
conflict management that has systemic effects on organizational
robustness by significantly changing the structure and complexity of
social networks that constitute essential social resources in gregar-
ious primate societies (8, 13, 14). The emergence of power struc-
tures that arise slowly from, and influence, rapidly changing indi-
vidual-level interactions appears to depend on the capacity to
communicate about a behavioral pattern, rather than just imme-
diate behavior.

We are simultaneously addressing two questions: the role of
context in modulating signal meaning (behavioral pattern vs. im-
mediate behavior only) and whether the capacity to communicate
about a behavioral pattern facilitated development of higher quality
social relationships. If peacefully emitted SBTs reduce receiver
uncertainty that signal meaning is subordination, individuals sig-
naling in peaceful contexts should engage less frequently in con-
tests, and more frequently in grooming and relationship repair, than
individuals exchanging only conflict SBTs or no signals at all. To
assess the likelihood that any observed relation between peaceful
signal exchange and relationship quality is causal, we test alternative
hypotheses, including reciprocity, temperament, and proximity
effects, which potentially could produce a spurious relation be-
tween relationship quality and peaceful signal exchange. Details on
pigtailed macaque social organization and dominance-related sig-
nals are reported in Methods.

Results

We observed 1,218 peacefully emitted SBTs and 403 SBTs
emitted in response to threatening behavior or aggression by the
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Fig. 1. Repeated measures results for fight frequency across SBT conditions.
Bars represent mean fight frequency + 1.0 SE. Nonsignaling dyads engage in
fighting significantly less frequently than conflict signaling dyads (mean
difference = 0.87, SE = 0.24; P = 0.001) but with similar frequency to nonsig-
naling dyads (mean difference = 0.098, SE = 0.08; P = 0.20). Nonsignaling
dyads engage in significantly less fighting than conflict signaling dyads (mean
difference = 0.97, SE = 0.25; P < 0.001).

receiver, 2,404 total agonistic dyads, 575 reconciliations, 1,781
grooming bouts, and 3,983 proximity bouts. The rate of peaceful
SBT displays emitted was 0.16 per individual per hour. The rate
of conflict SBTs emitted was 0.05 per individual per hour.

We calculated mean fight, grooming, reconciliation and proxim-
ity frequencies for each individual for those nonkin partners with
whom it exchanged (i) at least one peaceful SBT, (i) only conflict
SBTs, or (iii) no SBTs. If individuals exchanging peaceful SBTs have
closer relationships, they should be distinguishable from individuals
only signaling in the conflict context, and from individuals with
neither overlapping nor conflictual interests or with unresolved
dominance relationships (nonsignalers). We evaluated interaction
patterns with only nonkin because kin are likely to have strong
relationships independent of dominance. We used repeated mea-
sures to compare means across conditions, using a pure within
subjects (A X B X S) design in each analysis and Sidak correction
for multiple tests (15). Repeated measures design controls for
individual variation in, for example, tendency to signal, ruling out
(in this case) the possibility that frequent signalers, regardless of
context, have higher quality social relationships with signal receiv-
ers. Individuals were included in each analysis if the following
conditions were satisfied: (i) they had at least one partner in each
partner condition (peaceful signalers, conflict signalers, and non-
signalers) and (ii) they engaged in the behavior under evaluation
(e.g., if they performed no grooming at all, they were not included
in the grooming analyses). This procedure determines the » for each
analysis.

Fighting and Signal Exchange. Peaceful signalers fight (with one
another) significantly less frequently than conflict signalers (Fig. 1).
Nonsignalers engaged in fighting least often, but this difference was
not significant (P, peaceful signal exchange; C, only conflict signal
exchange; and NO: no signal exchange, repeated measures: n = 43,
mp = 0.66, SD = 0.47; mno = 0.56, SD = 0.32; mc = 1.52, SD =
0.63, SS = 24.28; df = 2; F = 13.88; P < 0.001; partial eta®> = 0.25;
pairwise comparisons are reported in Fig. 1 legend).

Grooming and Signal Exchange. Peaceful signalers groom (with one
another) significantly more frequently than conflict signalers
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Fig. 2. Repeated measures results for grooming frequency across SBT con-
ditions. Bars represent mean grooming frequency + 1.0 SE. Peaceful signaling
dyads engaged in grooming significantly more frequently than nonsignaling
dyads (mean difference = 0.31; SE = 0.09; P = 0.004) and significantly more
frequently than conflict signaling dyads (mean difference = 0.63,SE = .11; P<
0.011). Nonsignaling dyads engaged in grooming significantly more fre-
quently than conflict signaling dyads (mean difference = 0.32, SE = 0.07; P <
0.001).

and nonsignalers. Nonsignalers groom significantly more fre-
quently than conflict signalers (repeated measures: n = 43, mp
= 0.98, SD = 0.70; mno = 0.67, SD = 0.45; mc = 0.35, SD =
0.50, SS = 8.55; df = 2; F = 23.38; P < 0.001; partial eta® = 0.36).

In Appendix, we present additional analyses ruling out several
alternative explanations for the above results. We find that the
relationship between grooming and peaceful signal exchange is not
a spurious one resulting from a “reciprocity agreement” in which (7)
individuals groom powerful (frequently signaled to) group mem-
bers in return for support during fights or (ii) low-ranking individ-
uals give grooming to high-ranking ones in return for social
tolerance. The data refute the hypothesis that status signals are
power commodities traded for grooming (individuals “up for
election” curry support among voters; ref. 12). The data also refute
the hypothesis that temperament accounts for the observed rela-
tionship between grooming, reconciliation (see below), fighting
(see above), and peaceful signal exchange (Fig. 2).

Reconciliation and Signal Exchange. Here we investigate how a third
dimension of relationship quality, reconciliation (16), varies with
condition. Because reconciliation is conditional on the occur-
rence of fighting, we controlled for individual variation in
tendency to fight. We calculated the observed minus expected
(0-e) frequency of reconciliation for each individual in each of
its dyads given its total frequency of conflict, following a
procedure from Flack et al. (13) controlling for underlying
variance in fight frequency. There was no effect of condition on
mean o-e frequency of reconciliation (repeated measures: n =
36, mp = 0.42,SD = 3.08; mno = —0.11, SD = 1.38; mc = —0.57,
SD = 0.82, §S = 6.19; df = 2; F = 0.80; P < 0.45; partial eta?
= 0.02). Although mean reconciliation was highest for peaceful
signaling dyads and lowest for conflict signaling dyads, the means
were not significantly different because of high variance in the
peaceful signaling dyad condition. Inspection of the data re-
vealed this was due to erratic behavior of individuals in the
subadult male age-sex class. We reevaluated this relationship
after removing all subadult males from the analysis. As shown in
Fig. 3, peaceful signalers reconciled significantly more fre-

Flack and de Waal















