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In the forests of the Indian subcontinent, a tiger rears up to scratch marks high on a tree trunk, letting
other tigers know the individual claiming this territory is a big one. Over in the Okavango Delta of
Botswana, a dominant female baboon grunts to a subordinate female as she approaches, assuaging the
subordinate female that she is not under threat. Meanwhile, a college freshman sets out for the day
wearing a t-shirt with a picture of her favorite band, in the hopes that it will allow her to find friends
whose sensibilities match her own. All of these are examples of signals, acts in which a sender
communicates information to influence the behavior of a receiver. Signals can have instrumental

functions and consequences from the perspective of both the senders and receivers of those signals.

History

Among the first formal treatments of signaling is Lewis's (1969) book Convention, in which he analyzes
games involving a signaler and a receiver. The signaler knows the state of the world (which could include
the signaler’s own state) and wants to communicate this to the receiver, who then takes the proper action
conditional on her subsequent understanding of the world. Even if signals are not initially correlated with
particular states of the world, each state can become reliably associated with a particular signal as long as
the interests of the sender and receiver are aligned. Meaningful signaling systems can reliably emerge in

populations in which interactions are repeated and involve broadly aligned interests (Skyrms, 2010).

In evolutionary ecology, signals are typically defined in terms of reproductive fitness. For example,

Maynard Smith and Harper (2003) define a signal as “any act or structure that alters the behavior of other

organisms, which evolved owing to that effect, and which is effective because the receiver's response has
also evolved.” The evolutionary clauses serve to disqualify candidate signals that achieve a desired effect
by accident—that is, signals and their responses should reflect typical behavior in a population—and also
to avoid attributing deliberative cognitive abilities without evidence. That said, the evolution of signaling
does not require selection on genes; both individual learning and social transmission are also selective
mechanisms that facilitate evolution (Skinner, 1981; Jablonka & Lamb, 2004). In principle, Maynard Smith

and Harper's (2003) definition could be revised to allow for learned or deliberative signals. For example,

the signaling capabilities made possible by language have likely been shaped by cultural evolution for
both learnability and efficacy (Chater & Christiansen, 2010). Either way, the point is that a signal has a

function, which is to alter the behavior of other individuals in ways that benefit the signaler.

The benefit to the signaler is key. It differentiates signals from cues, which are traits or behaviors that can
be used by others to make adaptive decisions that are typically not intended by or adaptive for the sender
(Maynard Smith & Harper, 2003). For example, an injured deer may walk with a limp, cueing a wolf that it

will make easy prey.

Core concepts
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Honest signals

Signals serve many functions. They allow individuals to find mates and other social partners, to avoid
conflict, to coordinate and direct behaviors. Signals can also be used to manipulate others in ways that
may or may not be mutually beneficial. If I see you looking for your keys and I remember that you left
them by the toaster, a gestural signal—pointing to the toaster—will help you to get the job done. Honest
signals like this are expected whenever the signaler and receiver have aligned interests (Farrell & Rabin,
1996) or when they are likely to interact repeatedly (Silk et al., 2000). On the other hand, a similar pointing
gesture could be used to deceive if I want to direct your attention away from a co-conspirator who is

quietly stealing your keys.

In the very long run, a signaling system that does not benefit the receiver at least most of the time is
unlikely to persist. That said, some deceptions can also endure if being deceived occasionally is not too
costly. Consider an example of Batesian mimicry, in which the harmless scarlet kingsnake evolved striped
patterns very similar to those of the venomous and toxic coral snake. The kingsnake’s mimicry can
persist and remain effective at deterring predators as long as coral snakes are sufficiently common that

predators justifiably avoid eating anything with similar patterns (Pfennig et al., 2001). On the other hand,

some signals are nearly impossible to fake because they reply on the properties of an individual’s physical
characteristics. These are often called index signals. For example, when a nightclub bouncer flexes his

biceps to intimidate an unruly patron, the size of the muscles is an honest index of strength.

Costly signaling

When signalers have incentives to deceive, honest signaling can also be enforced by a cost or handicap

(Maynard Smith & Harper, 2003). Only tigers that are actually large can reach high up on a tree trunk. The

archetypal example of costly signaling is the peacock’s tail. Peahens prefer to mate with males with large
and lustrous tails. Of course, what they really want is a strong and healthy mate whose genes will yield
robust offspring. The tail is an honest signal of these qualities because only males who are sufficiently
strong, healthy, and cunning can grow such a large tail without succumbing to disease or predation.
Costly signaling theory has been proposed to explain many features of human behavior, including the
role of university education in hiring practices (Spence, 1973), engagement in dangerous religious rituals

Sosis, 2003), and deliberate self-harm by criminals (Gambetta, 2009).

Identity signaling

Signals can also be used for social assessment and assortment. Ethnic markers, linguistic tags, or other
identity signals are used to determine friend from foe and in decisions regarding whether to approach,
flee, attack, or ignore (Smaldino, 2019). Indeed, the signaling function of social identity may be an
essential tool for reducing the uncertainties involved in determining the nature of social relationships.
However, the role of third-party receivers can also influence the strategic choice of identity signals (Clark

& Carlson, 1982; Loury, 1994). Signaling certain aspects of identity might be important for finding social

partners but simultaneously risky if that identity is persecuted. This problem may be partly solved by the
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versatility and inherent ambiguity of human language. For example, ambiguity can provide plausible

deniability while also allowing for multiple interpretations (Pinker et al., 2008), some of which will be

meaningful only to those who share a common background (Smaldino & Turner, 2022).

Questions, controversies, and new developments

In much of animal communication, each signal corresponds to exactly one meaning [see Animal Culture].
The famous vervet monkey signaling system, for example, has clear signals for “hawk!,” “leopard!,” and
“snakel,” but cannot communicate the sentiment, “I wonder if hawks and leopards could be friends.”
Human language is distinct because its grammar offers the flexibility to construct and interpret myriad
novel sentences (Fitch, 2010). However, this flexibility also comes with a lack of clarity. Sentences are
often ambiguous in their meaning, the resolution of which may depend on the receiver’s knowledge of

the speaker’s intent and frame of reference.

Game-theoretic models suggest that ambiguity can be adaptive if clarity is costly (Santana, 2014), but
linguistic ambiguity can also be employed strategically to manipulate or rally coalitions of diverse
individuals (Eisenberg, 1984). In risky situations, covert signals of identity can be employed that suggest

clear affiliations to those who are in the know but have low salience for others (Smaldino & Turner, 2022).

Such signals exploit the fact that meaning in human communication is not embedded entirely in the
signals themselves but is constructed through appeals to shared context and experience (Wilson &
Sperber, 2012).

Not all communication systems are usefully characterized as signaling systems. As mentioned, the
flexibility and ambiguity in human language prompts the need for a more nuanced approach to
understanding. Some have also challenged the simplicity of the signaler-receiver dichotomy in

communicative exchange (Owings & Morton, 1997; Owren et al., 2010). Information is not just passively

received but actively extracted through the assessment and subsequent manipulation of behavior.
Communication may therefore be as much a process of regulation as it is one of information exchange.
Nevertheless, the signaling framework remains useful to understanding much about behavior and

communication in humans and other animals.

Broader connections

Because signaling is so important to communication between members of a social species, it is a topic
that has been studied—often independently—in many disciplines, including philosophy (Lewis, 1969;

Skyrms, 2010), economics (Spence, 1973; Loury, 1994), behavioral ecology (Maynard Smith & Harper,_

2003), and anthropology (Sosis, 2003; Wilson & Sperber, 2012). The fields of communication and linguistics

are also deeply concerned with signaling (Eisenberg, 1984; Fitch, 2010). Signaling theory, as briefly

presented here, can shed light on how we humans present ourselves and understand each other, in face-

to-face as well as online interactions (Donath, 2007).
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