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Toward an Evolutionary Framework For Conceptualizing 

Social Inference Processes


Charles Darwin delayed publication of Origin of Species because its profound implications for human origins might lead to its premature rejection. Yet his book said nothing explicit about this topic until the final pages and, even then, merely tantalized readers: “In the distant future, … [p]sychology will be based on a new foundation, that of the necessary acquirement of each mental power and capacity by gradation. Light will be thrown on the origin of man and his history.” A dozen years passed before Darwin said more. In 1871 and 1872, he published two volumes, originally intended as one, The Descent of Man and Selection in Relation to Sex and The Expression of the Emotions in Man and Animals. Those books contain the first words addressing the topic of this symposium, Darwinian perspectives on human social cognition. Sexual selection, the major focus of the first volume, fundamentally implicated perception of mating prospects’ traits. The functions of emotional expression and its impact on a social community, the topic of the second, involve social inference at their core. 

Evolutionary psychologists have investigated many phenomena over the past two decades: Cheater detection, perception of valued mate characteristics, reciprocal altruism, perception of infidelity, recognition of kin, discriminative parental solicitude, cooperation, development of friendship and trust, and many more. Most implicate social inference and not surprisingly so: Strategic interaction typically entails decisions based on inferences about other interactants. 


Darwinian biology was a formative influence on the new science of psychology that emerged in the late 19th century. In that sense, Darwin’s prophecy that psychology would be based on his ideas was fulfilled shortly after his death. In another, deeper sense, however, its fulfillment would await until a “distant future,” the passing of another century. What markedly sets modern evolutionary psychology apart from earlier evolutionary approaches in psychology is the power of modern evolutionary biological theory. Until a half century ago, the major theoretical task within evolutionary biology was to complete the grand synthesis of Darwinism and Mendelism. Evolutionary genetics enjoyed great progress. With some exception, however, evolutionary biologists had not yet turned their attention to developing broad theories about how selection shaped the phenotypes of organisms, including how organisms evolve to interact with their environments and with each other. When theorists did turn their attention to this task in the 1960s and 1970s, they discovered that many of the phenotypes of interest are behavioral in nature—ones related to mating, interactions with kin, and cooperation. Optimality and game theoretic approaches quickly gave rise to a multitude of theories that remain foundational in evolutionary biology today (e.g., life history theory, parental investment theory, parent-offspring conflict theory, sperm competition theory, the concept of reciprocal altruism, optimal foraging theory, sex allocation theory, and—most pertinent to the current chapter—signaling theory). Many more have been developed since. Modern evolutionary psychology can fulfill Darwin’s prophecy because it can be grounded in sophisticated evolutionary biology. 


In this chapter, I attempt to use evolutionary biology to develop and flesh out a framework for talking about processes underlying social inference, defined very broadly here to be any inference an individual makes about a features or state of another individual. The questions I attempt to address include (a) how might we best cleave the kinds of systems of cues emitted by social targets and adaptations on the part of perceivers to make inferences?; (b) what does evolutionary biology tell us about the forms of selection pressures that operate on components of these different systems?; (c) knowing these selection pressures, what can we broadly say about features of these systems?; (d) in what sorts of systems do we expect reliability and “honesty” in the signals—and hence accuracy in the inferences—and in what kinds of systems might we anticipate the potential for deception or inaccuracy? The few specific illustrations I discuss are typically ones already investigated by evolutionary psychologists: inferences made on the basis of morphological and behavioral traits that are sexually attractive, inferences about intentions to cheat, inferences about kinship, and inferences about female fertility. The framework, however, is intended to apply more generally.


The framework I present is intended to be of heuristic value—an approach to thinking about the nature of adaptations that underlie social inference and the systems of information in which they are embedded, one that can guide inquiry into these matters. I also aim to provide a platform for discussion of these matters. The conceptualization I lay out is hardly definitive or complete. I expect it to have shortcomings, some of which can be revealed at this conference. Most of it is also not original; I rely heavily on extant theory in evolutionary biology (see, e.g., Searcy & Nowicki, 2005, on recent signaling theory; see also Kokko et al., 2003).


Briefly, I expand upon the following themes:


1. Social inference largely relies on two broad kinds of target-perceiver systems. The first kind is a signaling system. In a signaling system, targets possess specialized adaptations to emit signals to perceivers. Perceivers possess adaptations to receive, process, and respond to these signals. Target and perceiver adaptations have coevolved; indeed, neither could have been selected except in concert with the other. A signaling system is a communication system, where communication is here broadly defined as a process whereby a target displays a phenotypic variant (which could be morphological, chemical, or behavioral) that functions to influence other individuals through those individuals’ inferences based on the variant. The second kind of system is one in which receivers have adaptations to make inferences based on specific information emitted by targets, but targets possess no adaptations specifically designed to convey information to perceivers. Instead, social inference is based on incidental effects of target adaptations that have functions other than to transmit information to receivers. This second kind of system involves information processing, but it does not involve communication.


2. A signaling system cannot evolve and stably persist if communication does not benefit both targets and perceivers. Perceivers will not benefit by responding to deceptive information. Thus, though a level of inaccuracy can be tolerated, signaling systems will, in general, be reliable or “honest.” To evolve to signal, targets too must be able to gain benefits through their expenditure of costs to emit signals. These principles constrain the nature of signaling systems that can actually evolve and stably persist. I illustrate this point by discussing a number of specific proposed signaling systems that violate these principles and are therefore unlikely to be correct.


3. Systems in which perceivers respond to incidental effects emitted by targets are more variable in this regard. Although they should benefit perceivers, perceiver adaptations may be benign to targets, be detrimental to targets, or neither benefit nor harm targets. When perceiver adaptations are benign to targets, systems should stably persist. When perceiver adaptations are detrimental to targets, however, systems may be unstable. Targets may be selected to suppress cues upon which perceivers act. More generally, these systems are subject to antagonistic coevolution between targets and perceivers. 


4. The criteria that differentiate the two broad sorts of systems are the criteria that apply to deciding whether targets have adaptations for signaling. Do targets have features that evidence design for the function of communicating to perceivers?


5. Overt deception may be most likely to evolve in antagonistic systems in which perceivers pick up on incidental effects. In some instances, these systems allow for selection of target adaptations to emit misleading information and hence can be deceptive signaling systems of sorts (though unstable, transient ones). More generally, the conclusion that signaling systems will not evolve to be deceptive must be qualified in a number of ways. 

Signaling Systems

The hallmark of a signaling system is co-adaptation of targets and perceivers: Targets possess adaptations that function to convey information to perceivers. And perceivers have adaptations that function to process the information conveyed by targets. 

In evolutionary biology, a function is a beneficial effect of a trait that led it to be selected. Crudely put, the function of eyes is seeing and the function of wings is flight. To say, then, that target adaptations function to convey information to perceivers is to say that the reproductively beneficial effects that led to the evolution of these traits occurred through their impact on perceivers’ adaptations to differentially respond as a function of perceiving these traits. 

Signaling systems have received much attention from evolutionary biologists in the past two decades. I discuss two major kinds of signals that have received attention: signals of quality (or condition) and signals of intention. A third kind of signal, signals of need, I will not explicitly address (though their evolution obeys principles similar to those laid out for the other two kinds). 

Signals of Condition


Signals of underlying quality or condition have received the greatest attention from biological signaling theorists. Quality or condition refers to an individual’s ability to successfully interact with the environment to acquire and effectively expend energetic resources (e.g., Rowe & Houle 1996). Superior condition has been associated with the concept of health (e.g., Grammer et al., 2003). The concept of health it implies, however, is much broader than simply the absence of disease; it implies greater phenotypic fitness or resourcefulness. Indeed, as discussed below, in particular circumstances individuals of superior condition may even be more prone to disease than others. The term “health”, then, is generally a poor stand-in for biologists’ notion of condition. 

For a signal of condition to evolve, individuals in better condition must benefit in some way from the signal, and receivers must benefit from discriminating individuals’ condition. The major context in which benefits to signals of condition (or some specific component of condition) have been discussed is mating. Individuals in superior condition may make better mates for a variety of reasons: fitter genes to pass on to offspring (e.g., a relative absence of mildly harmful mutations; Houle, 1992); greater ability to provide material benefits such as protection or food; greater fertility and ability to reproduce (e.g., more viable sperm in the case of males or greater ability to conceive and carry offspring through gestation and lactation in the case of females); a relative absence of disease. It pays receivers to discriminate mate value and those in better condition may receive mating benefits from signaling. 

Signals of condition may evolve in other contexts as well. For instance, individuals may benefit from being able to size up intrasexual competitors. Such information can regulate agonistic interactions and settle disputes without injury. Similary, signals may play a role in predator-prey interactions. It may pay predators to size up who is weak and who is not (thereby minimizing predation costs) and it may pay strong prey to signal that they are not easy to catch. These contexts illustrate an important point: Although both targets and perceivers must benefit from a signaling system for it to evolve, the interaction context in which the signal functions need not be cooperative in nature; indeed, it can be highly antagonistic.  

A signaling system is at equilibrium when neither the signaler nor the receiver benefits from a change (i.e., in signal sent or preference exercised) given that the other retains its strategy.  For a signal to be a valid indicator of one’s quality at equilibrium, a reliable relation between the signaler’s quality and the signal strength must persist. Zahavi (1975) introduced the idea that the costliness of a trait ensures its honesty. He specifically proposed that animals may signal that they are of superior quality with a “handicap”—a feature that imposes a cost on the individual. Zahavi did not provide an optimization model of this process; his argument was a verbal one. The basic intuitive notion is that individuals who can afford a large handicap must be more viable (be in better condition) than individuals who have smaller handicapping traits. Big signalers can afford to “waste” some of their viability and still have residual viability greater than that of small signalers, and this fact presumably renders the handicapping trait an “honest” signal of viability. (In this context, a “bigger” signal need not be larger. Rather, the term indicates greater cost for individuals, on average, to produce. The cost itself may be due to the signal’s size, its complexity, or any other characteristic requiring effort to produce. Costs can also be mediated socially, as illustrated below [see Male facial masculinity].)

In the past 15 years, honest signaling through handicapping has been quantitatively modeled. Zahavi’s insight that honest signals of condition are costly has withstood the test of time, although some of his intuitions about precisely why this is so have not.  For a signal to a valid indicator of condition at equilibrium, the size of signal that maximizes individuals’ own fitness must vary as a function of condition. That is, those of lower quality do not cheat and produce a bigger signal because they are actually worse off by doing so. Nothing comes for free and the whole idea of a signal being costly is that one must give something up to put energy or effort into the signal. Though individuals of lower quality may gain the benefits from the increased size of the signal (for instance, mating benefits), the costs they pay to produce that larger signal (that is, in terms of what they need to give up, which generally costs them in the currency of survival ability) more than offset those gains. For condition to predict optimal signal size, higher quality individuals either get greater benefits out of the signal or pay lower costs for marginal gains in signal size. They might get greater benefits if they will live longer to enjoy those benefits. They may pay lower costs because, being “wealthier” in terms of having more energy or greater ability to effectively use it, they need not dig as deep into their overall budget, in a sense, to increase the size of the signal; what they must give up less crucially affects their well-being than what the individual in worse condition must give up to increase the size of the signal the same amount. 

The logic here can probably be appreciated intuitively. The associations between the size of the signal or condition and viability or health that can possibly be maintained may be less intuitively appealing. According to Zahavi’s verbal argument, individuals in better condition can give up more and still be better off than individuals in worse condition. Big signalers, then, should be healthier and more viable than those in worse condition. While perhaps intuitively appealing, thus conclusion does not necessarily follow from current signaling models. Perhaps surprisingly, at equilibrium, individuals of highest quality may have the same, higher, or even lower viability (and the same, better, or worse health) compared to small signalers, depending on specific parameters of the system (e.g., Getty, 2002). Quality and mortality can actually be positively correlated in a population, with the highest quality individuals dying, on average, at younger ages than lower quality individuals (Kokko et al., 2002). These non-intuitive outcomes occur when just a few winners in the signaling game win big. For an individual in good condition and on that cusp of winning big, it may pay to dig deep (in costs) to make a big push to have one of those winning signals. Individuals not close to being a big winner are not in the game of vying to be one. They accordingly may hold back, paying small costs for a small signal. This situation might pertain, for instance, to lekking species in which males collectively gather and display to females, with a few males “winning” the display contest garnering nearly all of the matings.  

How Signals “Get Off The Ground”


How reliable signaling systems become stabilized once signals predict individuals’ quality is not difficult to appreciate: Once that condition is met, it pays mate choosers to choose on the basis of the signal, which reinforces the signaling sex to possess a big signal, thereby stabilizing the signal as a reliable indicator of quality. How the signal becomes predictive of quality is harder to explain. For a trait to evolve as a signal of quality, it must somehow be correlated with quality before it actually qualifies as a signal of quality (a trait that evolved because mate choosers preferred it as a quality signal). In the context of mating, theorists propose two main scenarios by which traits become associated with quality, and thereby become signals of quality. 


The first route is through preferred-signal-through-sensory-bias. In this scenario, a trait first becomes preferred not because of any fitness advantage to the mate chooser for preferring it. Instead, the preference for the trait is merely a by-product of a sensory adaptation of the mate chooser that has a function unrelated to mate choice. For instance, perhaps mate choosers are drawn to red objects because ripe fruits are red (i.e., “attend-to-red” reflects a food preference adaptation). Potential mates who exhibit some redness, though not edible, gets attended to, which gives those potential mates some advantage on the mating market. As the preferred trait becomes exaggerated through mating advantages of those who prefer it (e.g., as signals become increasingly red or large), however, individuals in best condition are able to effectively display it in its most preferred form. At that point, the trait has become an indicator of quality, and preferences for the trait no longer need be maintained as by-products of non-mating adaptations (see Kokko et al., 2003). This process presumably explains, for instance, how the peacock’s tail evolved to be a signal of quality. 


The sensory bias model is sometimes proposed to be an alternative to an honest quality signaling model (e.g., Kirkpatrick & Ryan, 1991). In the sensory bias model, mate-choosers prefer, say, a big red tail merely because it gains attention, not because it is associated with condition. In the scenario above, at some point in the evolution of the preferred trait as a signal, the sensory model does apply and so, in this sense, is an alternative to the honest quality signaling model. The problem with the sensory bias model as a common explanation of signaling systems observed in the biological world (and hence a viable, real-world alternative to the honest quality signaling model), however, is that it is not evolutionarily stable. When the preferred trait becomes sufficiently exaggerated (because it is preferred), individuals in better condition will be able to produce it better and the signal should become an indicator of quality (Kokko et al., 2003).   


The second route is that the preferred trait is associated with quality prior to it evolving as a signal. Individuals in better condition generally have greater amounts of energy to allocate to traits important to survival and reproduction. Hence, a wide variety of traits may actually discriminate individuals of different quality. In many species, however, as the amount of available energy increases, a larger proportion is allocated to traits that foster immediate reproduction. Individuals have but one life to give. When circumstances threaten survival, it often makes adaptive sense for individuals to protect that one life by engaging in mortality reduction efforts (e.g., sequestering energy reserves to maintain survival). When individuals’ condition is more favorable to survival, they may reproductively benefit from allocating a greater amount of energy into reproductive traits. That is true of women, whose estrogen levels and fertility levels are very sensitive to their energy stores and energy balance (e.g., Ellison, 2001). Only when their caloric intake consistently exceeds demands of energy for maintenance of survival functions do women’s estrogen levels increase sufficiently to render successful conception and implantation likely. Certain traits—often reproductive ones—thus may tend to particularly differentiate individuals varying in condition, simply due to the way that individuals have been shaped to optimally allocate energy to their different traits. At this point, the traits that covary with condition do not do so because they have evolved through sexual selection as signals. Because they do covary with condition, however, selection can lead to adaptations in mate choosers to attend to and prefer mates who exhibit these traits. When such adaptations evolve, the discriminating traits are sexually selected for their signal value (as well as selected for functions they had prior to being valued by mate choosers). Their added benefit as signals should lead their bearers to allocate more effort into developing them than they would otherwise. These traits thereby become exaggerated as displays of condition through sexual selection.  This process presumably explains mate choice within many lekking species. Females choose males who can hold central territories. Ability to hold central territories presumably covaried with male condition prior to it becoming a signal females pay attention to. What evolved in the signaling system are the ritualized ways in which males display this quality as well as, probably, increases in allocation of male energetic resources to the ability. More generally, this process may explain how females in many species come to assess the outcomes of male-male competition.

Probable Examples of Condition Signals


The waist-to-hip ratio. Women store two kinds of fat, android fat and gynoid fat. Gynoid fat, which is particularly rich in long-chain polyunsaturated fatty acids presumed important for fetal and newborn brain growth, is stored in specialized depots in the breasts, hips, and buttocks and is reserved for pregnancy and lactation. Estrogen facilitates storage of gynoid fat. More generally, estrogen facilitates a shift of energetic resources in women toward reproduction; for instance, it increases fertility. Women in better condition can presumably afford to allocate more energy for reproduction. Hence, storage of gynoid fat probably covaries with condition or components of it (fertility and reproductive value; Jasienska et al., 2004). It is reasonable to presume that display of gynoid fat depots became exaggerated to signal condition and reproductive value to men. Thus, for instance, men’s preference for a relatively small waist-to-hip ratio (around .7; Singh, 1993, 1995; Streeter & McBurney, 2003; Thornhill & Grammer, 1999) probably is part of a signaling system. Women have adaptations to display a signal, which co-evolved with men’s favorable response to it. 


Male facial masculinity. Women do not find masculine male faces more attractive in general. They do, however, prefer a more masculine face when fertile in their cycle than when not (e.g., Penton-Voak et al., 1999; Johnston et al., 2001). Men with more masculine faces may also be preferred by women as short-term mates (e.g., Little et al., 2002; Rhodes et al., 2005). The reason women may not prefer them as long-term mates is that more masculine men may be less faithful and responsible (e.g., Penton-Voak & Perrett, 2001). Development of male facial masculinity is facilitated by testosterone (e.g., Swaddle & Reierson, 2002), which is thought to function to increase allocation of effort into mating and mate seeking through male-male competition (see Ellison, 2001). Ancestrally, men in better condition may well have been able to afford to put large amounts of effort into mating. A good case can be made, then, that male facial masculinity has been shaped by selection to be an honest signal of condition. That is, men have evolved to signal condition through facial masculinity and women have evolved to respond to facial masculinity as a signal of condition. 


A question that arises is what costs keep male facial masculinity honest. The amount of direct energetic effort required to increase facial masculinity is probably minimal and hence is unlikely to maintain the honesty of the signal. More likely, the costs are socially mediated. In some species of birds, males with large patches or badges signal to other males their intrasexual competitive abilities, which puts them in the fray of intrasexual competition with other such males. Males who do not possess advertised competitive abilities suffer large costs in the process of being tested. Male facial masculinity may function similarly and hence have also evolved as a signal that regulates male-male competition.


Signals of Intent


The evolution of signals of intent has received much less attention than the evolution of signals of condition, yet may be very important in some species. In the courtship process, for instance, an individual of one sex may benefit from knowing whether the individual of the other sex will help care for offspring after mating or desert. As described by Andrews (2001), the factors that create a stable system of signals of intent should be analogous to those that stabilize systems involving signals of condition. In the latter instances, a signal is honest because it doesn’t pay individuals to “cheat”—to dishonestly emit a signal of good condition. For signals of intent to be honest, it should similarly not pay individuals lacking the intent to emit a signal of intent. An individual should not be able to gain through cheating.


Romantic love may have evolved as an honest signal of intent. A way to signal interest in and commitment to a particular person is to intently focus on them and conspicuously ignore all other possible mates to pursue. The signal is honest if someone who has no commitment to another but rather intends to desert can’t actually benefit from ignoring all other possible mates. Frank (1988) and Gonzaga et al. (in press) have discussed the function of love in similar terms, though perhaps with less explicit emphasis on the rationale behind honest signaling.


If the function of romantic love is indeed to signal intent, some consequences follow. First, because the signal is costly, the equilibrium state should be that signalers emit a signal of size just sufficient for it to be honest. Because the function is to induce an inference of intent, it does not pay to produce a signal more costly than one sufficient to induce the inference. Second, the size of the signal sufficient to induce intent should depend on the extent to which the signaler is perceived to have options. Signalers perceived to have many options should be able to more readily signal intent of commitment than signalers perceived to have few options. The latter individuals may have a difficult time convincing the other that they are giving up options by intently focusing on one individual. Hence, the size of the signal should vary by signalers’ condition or other valued mate characteristics. Third, an additional cost of over-signaling, then, is that perceivers may infer a signaler to be of lower quality than they would otherwise judge because, again, all else equal, a bigger signal is associated with lower quality.  Fourth, if one sex could benefit from deserting more than the other sex could benefit from deserting, the size of signal required to be honest should be larger for the former sex than the latter sex. If men, then, can benefit from deserting more than can women, they should, on average, signal more strongly than do women.

Non-costly Signaling Systems


I’ve discussed honest signals of condition and intent that are costly. Costliness ensures their honesty. Can honest signals ever be non-costly? They can be, though only when there are no potential conflicts of interest between signalers and perceivers (Searcy & Nowicki, 2005). In cases of honest signaling of condition or intent, those in poor condition or without intent have a potential interest in falsely signaling good condition or intent, against the interests of perceivers. In some circumstances, there may be no such conflicts. For instance, major histocompatibility (MHC) alleles code for cell-surface markers that the immune system uses to detect self and, thereby, foreign pathogens. In some species, possibly including humans, individuals obtain genes for offspring compatible with their own by choosing as a mate someone with MHC alleles different from their own (e.g., Penn & Potts, 1999; Wedekind et al., 1995). People (Pause et al., 2005) and mice (Yamazaki et al., 2000) can detect chemical signatures of MHC alleles through scent. In this system, individuals potentially have no interest in deceiving others about their own MHC genotype, as all individuals presumably benefit through mating with an MHC compatible mate (at least for the long-term). The signal individuals produce, then, perhaps need not be costly to be honest. Perhaps detection of MHC genotypes, then, is an example of an honest, non-costly signaling system. A viable alternative is that MHC detection is, in fact, not a signaling system. Instead, human perceivers may detect MHC signatures that are mere byproducts of MHC (specifically, self-peptides presented by MHC molecules that are shed from skin cells; Leinders-Zufall et al., 2004). 

Constraints on Signaling Systems


The principles that apply to signaling systems constrains the range of signaling systems we should entertain as possibly true. For signaling systems to evolve, both signalers and perceivers should benefit. Hence, signaling systems should generally be honest. At equilibrium, signalers should not typically mislead perceivers (though, as discussed later, some deception may occur within a system that is, overall, reliable and honest). In addition, if a signal is costly, signalers should enjoy some benefit that pays for its cost. 


Hypotheses that signals gain benefits through deception do not satisfy these constraints. The kinds of hypotheses these constraints rule out can be illustrated with various hypotheses about the evolution of women’s permanent breasts and gynoid fat deposits. A number of researchers have proposed that these signals are deceptive: (1) Low et al. (1987) argued that breast, buttock and thigh fat deceptively signal female quality (see also critiques by Anderson, 1988; Caro and Sellen, 1990); (2) Miller (1996) suggested that women’s breasts deceptively signals pregnancy, leading men to provision non-pregnant large-breasted females; (3) Smith (1984) similarly proposed that breasts may deceptively signal a state of pregnancy, but purportedly for the function of relaxing male partners’ vigilance and mate-guarding, giving women more freedom to copulate outside the pair-bond; (4) a particularly common view in the literature is that women’s bodily ornaments deceptively signal peak cycle-related fertility throughout the cycle (indeed, permanently; see Thornhill & Gangestad, in prep.), which stems from the more general view that sexual swellings in non-human primates signal peak cycle-related fertility (itself problematic; see below). As all of these theories argue that men are duped by female signals, all propose signaling systems that are not evolutionarily stable and hence are unlikely to be found in nature. 


Primate sexual swellings are unlikely to signal ovulation. Many species of primates develop sexual swellings (enlarged, often differentially colored anogenital areas) around the time of ovulation (though typically these swellings are not restricted to ovulation, and in some species are even more exaggerated in subfertile adolescent females). These sexual swellings are widely thought to “advertise” ovulation. Pagel (1994) has argued that this view is probably wrong. Females pay costs for these swellings. They must experience benefits to pay for the costs. The argument that swellings advertise fertility presumes that females benefit by “waking up” males to be interested in them. Yet males should be strongly selected to detect when females are fertile on their own using byproducts, should they be available (see below). Indeed, males in primate species lacking sex swellings detect female fertility using byproducts (typically, scent). In fact, evidence suggests that chimpanzees, female byproducts associated with fertility, not swellings per se, are particularly effective at motivating male sexual behavior (e.g., Deschner et al., 2004). A priori, a more plausible theory of these signals, then, is that they signal female condition, to which male delivery of material benefits to females is sensitive. Females may signal condition around ovulation because that is the time when males pay particular attention to females. Again, however, in a number of species swellings are more exaggerated in subfertile adolescents than adult females. In these species, males prefer as sex partners adult females. Possibly, females in good condition benefit by signaling to males their condition just prior to entering the reproductive period. Evidence that primate sexual swellings function to advertise female condition is mixed (e.g., Domb & Pagel, 2001; Zinner et al., 2004).

Processing of Incidental Effects


In signaling systems, discussed thus far, both targets and perceivers have adaptations that play a role. In many cases in which perceivers make inferences about targets, targets do not possess adaptations that specifically function to signal. Rather, perceivers detect incidental effects or byproducts of adaptations that have other functions. 


As just noted, males in a variety of primate species detect female fertility using scent cues related to estrogen levels (e.g., breakdown products of estrogen or ovarian function; e.g., Weingrill et al., 2003; Engelhardt et al., 2004; Deschner et al., 2004). In many other species, males similarly use scent cues associated with ovarian function (for a review, see Thornhill & Gangestad, in prep.). Females in these species do not have adaptations that function to produce these cues. Evidence for adaptation is to be found in design. In these instances, there is no evidence that females have specialized mechanisms for producing or disseminating the breakdown products that males detect. The breakdown products are mere byproducts. As females have no adaptation for producing the cue, they do not pay a cost to “signal” males. Males have adaptations to detect cues. But the cues they detect in fact have no signaling function or, indeed, any function; they are merely breakdown products (Thornhill & Gangestad, in prep).


Several studies indicate that women smell more pleasant and sexier to men when fertile than when infertile in their cycles (e.g., Singh & Bronstad, 2001; Thornhill et al., 2003; Kuukasjarvi et al., 2004; cf. Thornhill & Gangestad, 1999). In all likelihood, women possess no adaptations to produce and disseminate a scent that will lead males to find them more attractive when fertile. Rather, women probably excrete byproducts associated with estrogen or ovarian function that men have evolved to find more pleasant. Men have adaptations to perceive female fertility status. Women likely have no adaptations to “advertise” fertility. Put otherwise, Women probably do not pay costs to produce signals to induce men to detect their fertility; men have been selected to do in absence of any specialized female signal. 

Do Targets Benefit From Perceiver Adaptation?


When targets signal, both targets and perceivers should benefit. When perceivers detect incidental effects, targets may benefit. But others’ perception of incidental effects could also be detrimental to targets. 


In many species in which males detect female fertility through byproducts, females may benefit. Males find fertile females and, hence, females pay fewer costs to wait or search for mates. Females also suffer fewer harmful effects from ardent males sexually harassing them when they are not fertile. To say that females benefit, however, is not to say that male detection of female scent performs a function for females. A function is a beneficial effect that led a trait to be selected and evolve. Again, females probably did not evolve traits designed to perform a function of signaling fertility.


Instances in which perceiver detection of incidental effects is detrimental to targets present interesting cases. In such instances, targets and perceivers have a conflict of interest over the perceptual process; perceivers benefit from accurate perception whereas signalers are harmed by it.  In general, conflicts of interest between individuals can lead to recurrent antagonistic coevolution, with no stable equilibrium (e.g., Rice & Holland, 1998). For instance, hosts evolve adaptations to defeat pathogens; pathogens evolve adaptations to undo those adaptations, which lead to counter-adaptations in hosts in response, and so on. When conflicts of interest over perceptual processes exist, targets may evolve to suppress or confound cues picked up by perceivers; perceivers may evolve more sensitive detection of cues, which may lead to greater suppression of cues, and so on. 

Conflicts of Interest in Detection of Cycle-Based Fertility in Humans


In most species, females do not “signal” ovulation. Rather, males pick up incidental effects that reliably covary with fertility. Though females may benefit when males pick up such information in many instances, in some rare cases male perception of female fertility status may be detrimental to females. For instance, when males and females pair-bond and cooperatively care for offspring, females may often be best off when males do not know when they are fertile.  If males do not know when female partners are fertile, they cannot time their mate guarding efforts accordingly. Females may do better when their fertility status is undetected because they are better able to seek extra-pair sires when it benefits them to do so or because males cannot effectively time their efforts to seek extra-pair mates themselves and leave care of offspring to females. Humans may be one such case. 


In these instances, selection may operate on females to suppress incidental effects of fertility or the extent to which males can perceive those effects. In this sense, fertility may be “concealed.”
 Males, in turn, may be selected to perceive ever-more-subtle side effects of fertility status or means of detecting them. Complete suppression of incidental effects may be difficult for females to achieve, particularly if doing so has negative effects of disrupting functionality of the system of which fertility cues are side effects (e.g., hormonal variations underlying ovarian function). 

As noted above, multiple studies show that men can, in fact, detect fertility cues in female scent. In three studies, men preferred the scent of tee-shirts worn by fertile women over the scent of shirts worn by women in the non-fertile luteal phase (Singh & Bronstad, 2001; Thornhill et al., 2003; Kuukasjarvi et al., 2004). Nonetheless, men probably detect women’s fertile state on the basis of scent less reliably than male baboons or chimpanzees can detect the fertile states of female baboons or chimpanzees.  

Whether on the basis of scent or other cues, men act on cues associated with female fertility. Several studies show that men are more attentive to or possessive of female partners when those partners are fertile than when those partners are in the luteal phase (Gangestad, Thornhill, & Garver, 2002; Haselton & Gangestad, 2006; Pillsworth & Haselton, in press). In addition, men increase attentiveness toward mates during the fertile phase under conditions in which those mates experience increased attraction to men other than their partners, not their partners (Gangestad et al., 2002; Haselton & Gangestad, 2006)—in other words, men are most likely to give female partners additional attention at ovulation when female partners should least want it. This system has the signatures of being an antagonistic system, then, in which male information pick-up is detrimental to females. It seems likely that selection has operated on females to suppress (“conceal”) cues of ovulation, though selection has not completely eliminated those cues.

Deception


In the 1960s and early 1970s, just as cognitive psychologists turned to mathematical information theory for inspiration, terminology, and new models, so too did behavioral biologists discuss animal communication in terms of information transfer. Information, in the sense of these theories, reduces uncertainty. Anyone who receives information can act more effectively as a result. In the late 1970s, an influential paper by Dawkins and Krebs (1978) dampened enthusiasm for this approach. To assume that communication involves information transfer is to assume that communication is accurate and truthful. To assume that communication is truthful, in turn, Dawkins and Krebs argued, is to assume that social relationships are cooperative in nature. When conflicts of interests exist between social agents, individuals can benefit from communicating dishonestly. Conflicts of interest always exist, even between siblings or parents and offspring. Hence, we should look at social signals skeptically; the a priori assumption that they convey “information” is an unwise starting point.


Almost 30 years later, signaling theory has, in some sense, come full circle. Though Dawkins and Krebs were correct in noting that agents can benefit by deceiving others, signaling systems that are based on deception will nonetheless be rare. A signaling system requires that perceivers respond to the signal. Perceivers do not benefit from deceptive signals, however, and hence perceivers should not evolve to respond to them. Signaling systems should hence generally be honest ones, even when signaling takes place between individuals in highly antagonistic relationships—predator and prey, parasite and host, an individual and his or her intrasexual competitor (Searcy & Nowicki, 2005). Stable signaling systems do, in fact, convey “information.”


Nonetheless, that individuals deceive one another, at least some of the time, is a commonplace observation. What explains deception? Where is it likely to be found? Where it does occur, why does it occur?

Tolerated Dishonesty


To persist, a signaling system need only be honest on average across signaling events. In some complex signaling systems, signals may be honest in some contexts but not others (e.g., a signal may be an indicator of quality in younger but not older individuals; Kokko, 1997). Modeling shows that the system can persist so long as the weighted average signal is honest (Kokko, 1997). 


In some cases, the costs of the processing demands to extract a perfectly honest signal are simply not paid for by marginal benefits of those demands. As a result, some level of dishonesty may be tolerated, despite the fact that, overall, the system is honest.

Asymmetrical Errors


As recently argued by Haselton and colleagues (e.g., Haselton & Buss, 2000; Haselton, 2003), perceivers need not maximize benefits by maximizing accuracy per se. When errors have asymmetrical costs, individuals maximize utility when they make more errors of one type than another. Some inaccuracy in the signaling system may thereby evolve. Targets may be able to capitalize on perceivers’ willingness to tolerate some kinds of errors more than others and engage in deceptive communication. If, as Haselton and Buss (2000) argue, men are biased against missing sexual opportunities, it should relatively easy for women to feign sexual interest in men. If women are biased against thinking that a man is more emotionally committed to her than he is, it should be relatively difficult for men to feign emotional commitment to women.

Manipulated Incidental Effects


While widespread deception may rarely arise in systems that evolve as communication systems, it may be more common in systems that technically are not communication systems but rather involve pick-up of information through incidental effects. As noted earlier, conflicts of interest between targets and perceivers over information pick-up may arise in these systems; information extraction beneficial to perceivers may be detrimental to targets. Selection may hence act on targets to suppress incidental effects. In some cases, however, targets may not be able to effectively suppress incidental effects because doing so disrupts functionality of the system producing the incidental effect. Another way for targets to hide the condition detected is to produce the incidental effect when the condition is absent—that is, to produce the incidental effect deceptively. This counter-strategy against perceivers should be most effective in instances in which targets are harmed because perceivers can reliably detect the absence of a target condition based on an incidental effect. If, for instance, females are harmed when males can detect their fertility status because males then know when they can afford to be less vigilant of partners and leave offspring care to females, females could, in theory, benefit by deceptively signaling fertility when they are not fertile. 


Of course, this system is not a stable one. If an incidental effect is no longer a reliable cue perceivers can act upon, perceivers should be selected to ignore it. We thus should not see target production of incidental effects to deceive perceivers to be highly exaggerated, for this system should not persist long enough for deception to become highly exaggerated. Antagonistic systems of information pick-up are generally not stable, however, and, hence, when we have identified one, we may frequently also identify some (probably transient) form of attempted deception.

Conclusion


Most phenomena evolutionary psychologists study probably involve some form of social inference—inference that one interactant makes about another interactant’s condition, intention, need, relationship, state, and so on. Whenever an evolved social inference process is posited, it may be helpful to ask what kind of process evolved. Does social inference involve a signaling system? That is, have targets evolved adaptations that specifically function to communicate information to perceivers? If so, is the system an honest one, as we generally expect of signaling systems? What maintains its honesty? Can we expect that both targets and perceivers would have benefited sufficiently for the system to evolve? If deception is claimed to occur within the system, is deception of the sort or level that might be tolerated within an honest signaling system?


Alternatively, does social inference involve perceiver pick-up of information through incidental effects, with no specialized adaptation for signaling on the part of the target? If so, what are the incidental effects and why are they good cues of the inferred property? Does perceiver pick-up benefit targets as well as perceivers? Or does there exist a conflict of interest between targets and perceivers, such that we might expect the system to be subject to antagonistic coevolution? If information pick-up is antagonistic to targets, do we see signatures of antagonism in forms of cue suppression or attempted deception? 


More generally, if scientific psychology is truly to be rooted, in Darwin’s words, in a “new foundation” of Darwinian thinking, the forms of social inference processes we posit should conform to principles derived from modern evolutionary biology. 

[NOTE TO SYMPOSIUM ORGANIZERS AND PARTICIPANTS: THIS CHAPTER IS A ROUGH DRAFT CURRENTLY SHORT ON GOOD EXAMPLES. I’LL WORK AT PROVIDING GOOD EXAMPLES PRIOR TO THE SYMPOSIUM (LISTING, FOR EXAMPLE, MULTIPLE PUTATIVE ILLUSTRATIONS OF EACH “FORM” IN TABLES) AND, MORE GENERALLY, ANCHORING THE ABSTRACT POINTS HERE IN CONCRETE TERMS. LOOKING FORWARD TO SEEING YOU ALL THERE.]
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