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16.1 Introduction.

Darwin (1871) suggested the mechanism of sexual selection to explain the inheritance of traits that are limited to one sex, "Sexual selection depends on the success of certain individuals over others of the same sex in relation to the propagation of the species." He emphasized, repeatedly and vividly the extravagance and the burden that evolves in males as a consequence of female choice, suggesting that such traits "must be in some manner highly important; and we know that they have been acquired in some instances at the cost not only of inconvenience, but of exposure to actual danger" (p. 399). He wondered: "….it is doubtful how the more attractive males succeed in leaving a larger number of offspring to inherit their superiority in ornaments or other charms than the less attractive males; but I have shewn that this would probably follow from the females – especially the more vigorous females which would be the first to breed, preferring not only the more attractive but at the same time the more vigorous and victorious males" (P400). 

Darwin emphasized repeatedly that sexual selection could function only if the most attractive males were also the most vigorous ones. He did not ask why females should be attracted to wasteful extravagant males, and did not ask how the waste could be correlated to vigor, probably because common observations showed that these males were, in fact, the most vigorous ones. 

In 1975 I answered these questions by introducing the handicap principle (Zahavi, 1975). The handicap principle considers the burden imposed by extravagance as a handicap that tests the quality of the signaler. Signalers of a higher quality can develop the handicap more than signalers of a lower quality. Hence, a female selecting a male with a bigger burden is getting a male of a higher quality. The handicap principle is the mechanism that explains how the more attractive males must be of a higher quality than the less attractive ones. In 1977 I suggested that the handicap principle is effective not only in mate choice, but in the selection of all signals, that is, that every signal, sexual or other, should contain handicaps to enable the receiver to ascertain its reliability (Zahavi, 1977a).

In his definition of sexual-selection, Darwin mixed traits that are signals, such as extravagance, with efficient traits, such as size and weaponry. This may be the reason why he found it difficult to define a clear differentiation between natural selection and sexual selection: "…in most cases it is scarcely possible to distinguish between the effects of natural and sexual selection" (p. 257); this may also be the reason he was not successful in convincing the scientific community that sexual selection operates in a different way than other selection mechanisms (Mayr 1972; see however Mayr 2001). Nonetheless, sexual selection as defined by Darwin was, and still is, widely used today to refer to the selection of traits involved in sex, possibly because of the major selective force of reproduction. 

In 1981 (Zahavi, 1981a) I pointed out that the selection for signals operates by a different selection mechanism than the selection of all other traits. I suggested that two distinct selection mechanisms operate within natural selection: utilitarian selection, which is selecting for efficiency, by which all traits that are not signals are selected; and signal selection, the selection of signals, which requires investment that often results in considerable waste (handicaps) to ensure the reliability of signals. This suggestion supports Darwin’s intuition that there are two different selection mechanisms that operate in nature. But the differentiation between them is not the same as that proposed by Darwin. 

16.2 Fisher's model
16.2.1 Introduction

Before discussing the handicap principle and its broad implications, I would like to discuss Fisher's model of mate choice (1958), which is still widely used. Fisher assumed that by being wasteful, extravagant males were less adapted than unadorned ones. Since he believed that, like any other adaptation, female's preference must have evolved by natural selection, he asked why would females be attracted to extravagant and wasteful traits. In his model, he tried to explain how such a preference could have evolved and be maintained. 

According to Fiser's model, a signal of mate choice like the long tail of the peacock (Pavo cristatus) could have evolved in the following manner: a mutant peahen started selecting a mate according to the length of its tail, preferring a longer tail, rather than mating at random. Obviously, heavier and bigger males had longer tails than smaller males did, since a heavier body requires a longer tail to steer it. A female that picked a male by the length of its tail mated with a heavier male, which could be an advantage to her progeny. Consequently, such a preference could spread in the population. Fisher termed this initial evolutionary sequence the "preference stage." Once many females acquired the preference, males could benefit from increasing the length of their tail more than was required for efficient movement. The burden of the extra length was compensated for by the preference of the females. The more females preferred males with longer tails, the more the males benefited from increasing the length of their tail. 

The evolutionary response of males to the female's preference started what Fisher termed a "runaway process", resulting in males growing their tail as long as they could. Fisher's model assumes that once all males invested in growing their tails, tail length was no longer correlated to quality.
Fisher’s model justified the continued preference of the females for a long tail by the fact that all or most females prefer it. Fisher pointed out that a female that would depart from the convention and mate with a male with a short and efficient tail would produce male offspring that would not find a mate among the daughters of the females that still prefer long tails, since these daughters inherit from their mother the preference for long tails. Later on, mathematical models demonstrated that any random preference by females may lead, through a runaway process, to extravagant traits, without any correlation to quality (Lande 1981). 

16.2.2 What is wrong with Fisher's Model. 

First. Fisher assumed that the correlation between tail length and quality was lost during the "runaway process". It is obvious, however, that a male of a higher quality can carry a heavier burden than a male of a lower quality. I would like to suggest that, contrary to Fisher's assumption, elongated tails do reveal differences in male quality -- in fact, they do so better than short and efficient tails can (Petrie et al, 1991).

Second. Fisher's model depends entirely on the assumption that a mutant female that stops paying attention to tail length will have sons with short tails. These sons would be unable to mate, because the majority of females prefer males with elaborate tails, and dissident lines will eventually disappear. However, if the mutation occurs at the stage at which, according to Fisher, all males possess long tails, than the sons of the dissident female will inherit the long tails of their fathers, and thus find mates. 

Third. Still, the males differ in qualities other than tail length, and they advertise these qualities by other modalities. Birds, and probably all animals, select mates by more than a single marker of quality: birds advertise for potential mates by singing, by colorful displays, by movements, and by growing tails, crests etc. If one of these markers ceases to correlate with quality, a female that stops taking that marker into consideration and relies instead on the other existing markers would make a better choice than females that continue to take into account the useless marker. If, as Fisher claims, long tails are not correlated to quality, the mutant female’s preferences are now better than the preferences of all other females, the number of her daughters would increase in the population, and the number of females preferring long tails would decline. Once females stop preferring long tails, a male that would grow a short and efficient tail would be more successful than males with long tails, and long tails would disappear by a process similar to that suggested by Fisher's model (the runaway process), but in the opposite direction.

Fourth. Fisher’s model cannot explain the fact that signals of mate choice often also deter rival males (see Berglund et al., 1996). Fisher was aware of that (Fisher, 1958, 2nd edition, p. 155/6), but could not explain it. He therefore suggested that evolution would "eventually" eliminate the rivals' unwarranted reaction to what he called "war paint". The handicap principle, on the other hand, can explain the evolution of extravagance in signals that deter same-sex rivals just as well as in signals used to influence mate choice. 

To sum up. Before males invested in increasing their tail length, the tail was an efficient instrument. It was correlated to body size, and large individuals had longer tails because they needed them. At that time, although females benefited from paying attention to tail length, the tail was not a signal. Once males started to increase their tail length as a signal, the tail was no longer as efficient as before, handicapping its bearer. Each male could invest in increasing its tail length according to its own phenotypic quality. The increased length made it easier for females to perceive differences in male quality, and males with extra long tails benefited by being chosen by females. Males that increased their tail size beyond the measure that their phenotypic quality would allow were weeded out by natural selection -- that is, they paid a cost (a reduction in their fitness.) Evolutionary biology defines "cost" as a loss in fitness. But honest signalers gain fitness by signaling. Only cheaters lose -- that is, they pay the cost of their handicaps. Hence, I now prefer to use the term "investment" rather than "cost" for the extra burden of the handicap.

Ryan (1990) suggested that some signals evolve because receivers are already attentive to them and signalers can "exploit" that pre-existing attention. I suggest that a preference by the receiver always precedes the evolution of signals (Zahavi  and Zahavi, 1997). However, a preference can prevail only for reliable signals that reveal quality, not because the receiver is "pre-adapted" to it, or because the signal is preferred by "everybody" for no good reason, as suggested by Fisher's and similar models

The handicap principle suggests a mechanism by which a signaler can ensure the reliability of the message encoded in a signal: the signal itself handicaps the signaler in something that is related to the information provided by the signal. The investment in such handicaps should be differential: it should be affordable for an honest signaler but not to a cheater. Thus, although the handicap principle was formulated to explain the evolution of extravagant signals of mate choice, it can just as well ensure the reliability of other signaling systems, in reproduction as well as all other signals, like threat signals, begging calls etc. (Zahavi 1977, Zahavi and Zahavi 1997). 

16.3 Objections to the suggestion that all signals involve handicaps

For many years the handicap principle was rejected because mathematical models claimed to prove that it was wrong. In 1990, however, Allen Grafen vindicated the handicap principle mathematically, showing that it may work even in mathematical models (Grafen, 1990a,b).

Grafen (1990) and Maynard-Smith (1991) assume that when there is no conflict between signaler and receiver, there is no need to invest in the reliability of signals. But in actual life there is a potential for conflict even between the most cooperative of parties, such as parents and offspring (Trivers, 1974). I suggest that this potential for conflict shapes the pattern of signals: the common interest only requires that a signal be something that a receiver would respond to. but a conflict of interests demands that signals be reliable. According to the handicap principle, reliability is achieved when the pattern of the signal restricts the ability of a cheater to benefit from using it to deliver an incorrect message. Handicaps can even be useful in preventing mistakes in signaling systems within the multicellular body; for example the harmful chemicals used in nerve communications (Zahavi, 1993, Zahavi and Zahavi 1997).

Maynard Smith and Harper (2003) suggest that there are two alternative explanations for the reliability of signaling systems: the handicap principle, and 'indices of quality'. They define an 'index' as a signal whose form and intensity are physically associated with some quality of interest to the receiver: "….in effect, it is an unfakable signal that is reliable because it cannot be faked".

I suggest that all signals are 'indices'. They advertise or amplify some qualities in the signalers that are of interest to the receiver of the signal. The attention of the receiver to certain traits in the signaler may induce the signaler to exaggerate these traits in order to help the receiver to assess small differences between apparently similar signalers, or between different situations of the signaler. Any exaggeration, however slight, means that the trait is no longer at the optimum attained by natural selection, and thus involves an additional investment. The magnitude of the investment is proportional to the possible gain by cheating. If the additional information gained by signaling is small, or of little importance, the investment in the signal can be quite low. The investment is always differential -- that is, it is easier for the honest signaler than for a cheater, and its scale is constantly being adjusted by natural selection. 

16.4 Handicaps, Costly signaling, and Honest signaling

16.4.1 Introduction

Before I suggested the handicap principle, researchers did not consider signals to be necessarily honest, and often suggested that signalers try to deceive the receivers. Since 1975, when the handicap principle was first proposed, a large number of studies have demonstrated that many signals are in fact honest -- that is, correlations were found between the dimensions of the signals and some quality of the signaler (Anderson, 1994). Many terms have been suggested for such signals: "honest signaling", "reliable signaling," "costly signaling" and so on. In most cases, however, the authors did not ask what it is that makes the signals honest, -- that is, what are the handicaps that prevent cheaters from using the signals. It is often not easy to find out what the handicap or the message is in a certain signal, especially in small lines or color patches. But finding it can be highly rewarding.

The concept of set-specific signals assumes that such signals have evolved in order to mark an individual as belonging to a certain species, or to a certain gender or age group within the species. It is assumed that they are the consequence of the common interests of members of a set to set them apart from other sets. Since such signals benefit all parties, the argument goes, they are not involved with conflicting interests, and therefore there is no room for cheating and no need for handicaps. I suggested, on the other hand, that these signals also evolve out of competitions among signalers for the attention of the receiver. It is easier for a receiver to compare contestants along certain standards. It is thus the receiver that demands that signals should be performed in standard ways. The standards of competition help show differences that otherwise would not be clearly apparent. In other words, I suggest that the standard pattern of a particular display evolved in order to demonstrate clearly the differences between otherwise apparently similar signalers or between different circumstances. I therefore suggest that set-specific signals are in fact the standards for comparison between members of the set, rather than markers tagging the individual as a member of that set. The pattern of the markings and their placement on the body of the signaler enable us to infer the message encoded in the signal.

16.4.2 Can One Use The Reaction of a Receiver to Decode the Information Conveyed in a Signal?.

People often interpret the message encoded in a signal according to the reaction of receivers. A signal that results in a retreat of an opponent is considered a threat display. A signal that attracts a mate is considered a display of the signaler's quality or its interest in a mate. However, the same signal that attracts a mate often deters a rival. This is common in signals used by males in the breeding season. Instead of suggesting that such signals carry two distinct messages, I suggest that it is simpler to see the message -- the information provided by the signal -- as being the same; each receiver reacts to that same message according to its own interests. A signal that displays in a reliable way the strength of a male does not say either "stay away" or "come to me," but rather "I am strong." This same message attracts a mate and deters a rival. The specific content of the message may be deduced from the handicap imposed by the signal. For example, the burden of the long and heavy tail of the peacock displays in a reliable way the strength of the male. Stronger males can carry heavier tails than weaker males and can rattle them more quickly. This explains why a rival is deterred by such a display and why a female is attracted. The message to the rival and the mate is the same -- the strength of the signaler. 

16.4.3 The Connection between the Signal and its Message.

Once we understand that the pattern of a signal handicaps the signaler in something that is related to the information provided by the signal, we have a connection between the pattern of the signal and its message. This logical relationship enables an observer to deduce the particular quality displayed by a particular signal, whatever the modality of the display, as the following examples show. 

Elongated tail feathers handicap flight and can therefore honestly advertise the ability to fly. This was shown by Moller (1994) for the barn swallow (Hirundo rustica) (picture). But such feathers cannot serve to display how many hours a day a male needs to invest in feeding, for example.  On the other hand, a male can display the amount of free time at its disposal by investing time in singing, assuming that it cannot both sing and feed at the same time (Wilhelm et al, 1982).

The White Pelican (Pelecanus onocrotalus) grows during mating season a bump on its forehead (picture). This bump restricts its vision and may interfere with its fishing. A pelican that can grow such a bump displays its ability to fish in spite of that interference. Growing such a bump elsewhere on its body would not have displayed that same information. A young pelican, or an adult unable to find abundant fish, will not be able to survive with such a handicap; only adults who are in position to breed grow the bump.

Small color markings on plumage function in signaling. The size of such markings often display meaningful variation, For example, the adult Great gray shrike (Lanius excubitor) develops bold eye stripes. One can figure out the direction of the shrike's gaze by observing the apparent changes in symmetry of the eye lines. It is therefore reasonable to assume that the lines help the shrike display its interest in a mate or a rival more clearly and over longer distances. A shrike that is sure of its position in the territory may gaze at an opponent continuously, without shifting its gaze to check whether it is endangered from behind. For an adult, it is a reasonable investment since it benefits from threatening and has the potential to win even if surprised from behind.  It is a handicap because the bold lines through the eyes would expose the insecurity of less dominant adults, or of the same individual under different conditions.  A young shrike cannot afford that investment, it has to look around. . This may be the reason why young shrikes have fuzzy gray eye lines. With this interpretation, one can see the function of the line as a handicap and the signal as benefiting the individual, unlike the common interpretation that the differences in the lines specify the set of adult shrikes as distinct from young shrikes for the benefit of all. 

A color mark may also impose a cost merely by providing more precise information on the quality of the signaler. Such markings were classified by Hasson(1991) as amplifiers .  For example, many elongated fishes have lines along their bodies (picture). The line itself may be very cheap to produce. However, such lines clearly display differences in body length among individuals that otherwise would have seemed to be of equal length. What kind of a handicap can be involved in providing more precise information about the true length? - The longest individual in a given group clearly benefits from showing its precise length, either when contesting with other individuals over food or territory or when being chosen as a mate. The individual next to it in length loses in a sense, because the line shows clearly that it is shorter - a fact that may not have been as clear without the line. Still, the second in length is longer than the rest of the group except the first. It therefore gains when competing with them, and so forth. However, even the longest individual may sometimes lose, when an individual even longer than itself moves to the neighborhood. Providing honest information about quality always involves the risk of a loss. Like all handicaps, the risk is differential: it is greater for the shorter individuals than for the longer ones. 

Why, then, do inferior individuals display their quality by a standard that reveals them to be inferior? They do so because all inferiors are not equal. In any competition among them, the receivers of the signal require the same standards, as they wish to know which of them is least inferior so as to choose the better among them. The receiver may overlook an individual that cannot be compared to other contestants. Thus, even signals that are usually considered as merely set specific are loaded with the handicap of displaying the truth more precisely.

16.4.4 The Handicap in Carotenoid Signals. Or: Can a Signal be both Honest and Beneficial?

Carotenoid signals may illustrate the difficulty in finding the cost of a signal to cheaters. Hill (1990) established the fact that carotenoid coloration is correlated to the phenotypic qualities of the House Finch (Carpodacus mexicanus). At first he suggested that the handicap is in the ability of the signaler to collect carotenoids. However, the variation in coloration persisted even when birds had free access to carotenoids. It was therefore later thought that a tradeoff between the use of carotenoids by the immune system may limit sick birds from developing carotenoid coloration. However, Mcgraw et al (2005) found that even a small deprivation of food (while supplying ample carotenoids in the unlimited drinking water) limits the use of carotenoids. Mcgraw (2005) concluded that: "animals reap benefits from components of their sexual displays". "Carotenoid-based colors have served as ideal models for studying the honesty-reinforcing mechanism underlying sexually selected traits, because the very pigments used to become colorful also have antioxidant and immunoregulatory properties that allow individuals to signal their superior health to prospective mates…". However, Carotenoids, depending on their concentrations, are not only antioxidants, they often are lipid pro-oxidants (Haila, 1999). This may be the reason why birds under even mild dietary stress cannot carry high carotenoid concentrations in their blood. The colorful males may be signaling their superior health by the fact that they can overcome the handicap of the pro-oxidant effects of the carotenoids. (Zahavi  and Zahavi 1997).

16.4.5 The Interaction between Color, Movements and Images in Displays.

Sometimes researchers investigate variations in color patches without paying attention to the way the color enhances the variation in the displays of body structures. Darwin suggested that movement displays evolved to demonstrate and enhance the effects of certain body markings and decorations. I agree that displays of color and movement interact in their effects, though I suggest that as a rule color helps in displaying a motion or a structure rather than the reverse.

It is now well established that symmetry is correlated to quality (Thornhill, 1992). Wing patches may amplify symmetry (Jablonski and Matyjasiak, 2002).  The wing patches are not the message. The message is in exposing the degree of symmetry of the wings . The interest of the receiver in the symmetry of the wings as a correlation to overall quality may have started a process that pushed for evolution of the most symmetrical pair of wings, just like the one that caused the extension of the peacock's tail. I do not know the quality and quantity of the investment required by an organism to develop a perfect symmetry. I suggest, however, that it requires an investment that low quality individuals (whatever that quality is) are unable to afford, while a higher quality individual can invest in order to display symmetry, even though a perfect symmetry may not be essential for efficiency. 

Many birds erect their crown feathers during interactions with other birds. This erection is often accentuated by simple or elaborate crests as is the case of the hoopoe (Upupa epops). The crest displays the variation in that posture more clearly. The handicap in erecting the crown feathers may be in lowering the efficiency of the signaler to observe or to move as efficiently as it can. A bird attentive to nearby danger and ready to move has sleek crown feathers.
Madden et al (2004) have shown that in the Spotted Bowerbird (Chlamydera maculate) bower owners had larger crests than non-owners and females, and that crest area provided the most accurate predictor of a bird's sex and status. The crests are made conspicuous during display to both males and females. During such displays the males turn their head and nape towards the females, exposing the crest. The males of two closely related species (C. cerviniventris and C. lauterbachi) also turn their heads and napes towards the females, although these species do not posses crests. The authors suggest that these species lost their ancestral crests, but not the movements by which the crests were made conspicuous. It may be, though, that the crest evolved in the Spotted Bowerbird in order to amplify the movements. 
16.4.6 The Cost in Vocal Signals
Vocal threat signals are often given to far away rivals by rhythmic shouts. The more evenly the notes are separated from one another, the bigger the threat. Spacing of vocalizations may be considered as a trivial investment. However, it demands concentration by the signaler. Hence a rhythmical threat displays the fact that the signaler can and is motivated to concentrate on threatening, without having to look around to collect more information to decide whether to attack or withdraw. 

16.4.7 Conclusion

To conclude: Maynard Smith and Harper attempted to divide reliable signals into signals that are handicaps and others that are indices that are not involved with handicaps. I suggest that all signals, both large, prominent ones like the peacock's tail and small ones like color lines or patches, are honest and reliable indices of certain qualities (including motivation) that are rendered reliable by the investment (handicap) involved in them, even though it is not always obvious what handicaps they impose. Cheaters, that without the signals could have benefited from being considered as of a higher quality than they really are, pay a cost for revealing their real quality. 

16.5 Handicaps in social behaviors. 

16.5.1 Clumping, dancing and allopreening

Babblers (Turdoides squamiceps) clump frequently, like many other social birds living in permanent groups or pairs. They do so either while resting, or during social activities such as allopreening (Dattner 2005) play (Pozis et al, 2004) or during the morning dance (Ostreiher, 1995). Most other birds tend to keep their individual distance to enable them to fly and move freely without physical interference from neighbors. Clumping is thus a burden, but babblers seem eager to do it. The investment in clumping can be interpreted as a test of friendship. A babbler that clumps with another individual displays its readiness to take on a burden in order to bond with that individual. Accepting the invitation to clump demonstrates the interest of other individuals in the inviting one. Additional social information is transmitted during allopreening and clumping (Zahavi 1978, Zahavi and Zahavi 1997, Dattner 2005).

16.5.2 The importance of social prestige.

Babblers use very little aggression among group members. For group living birds threat is more costly than for solitary ones. A bird that threatens but does not substantiate its threat if the threat does not cause its desired effect may lose social prestige, that is, lose the potential to threaten other group members who witnessed its failure. I suggest that for this reason altruistic acts often replace aggression in cooperatively living animals. A babbler that can act as a sentinel while others are feeding, or risk its life to defend other babblers, provide food to other individuals and tend to young that are not its own gains social prestige and may dominate without the use of aggression. Like a peacock's tail, social prestige is an indicator of quality. It can attract collaborators (mates and helpers) and deter rivals. Babblers invest daily in their altruistic displays because social prestige, unlike social rank, is a parameter that may change from one day to the next because of events within the group or interactions with neighboring groups or with predators. (Zahavi and Zahavi 1997).

It is easy to observe and describe dominance, but studies of social behavior have largely ignored the subtler parameter of social prestige (or social status). It is not easy to measure social prestige. However, it is a mistake to ignore it. I believe that social prestige is an ever-present parameter that may explain several other hitherto unexplained phenomena.

16.5.3 The evolution of altruism
One of the most important contributions of the handicap principle is in explaining the adaptive significance of what were considered to be altruistic acts, interpreting them as signals for the claim of social prestige. Altruism has been defined as 'an activity that benefits another but is harmful to the altruist'. Babblers, like many other cooperatively living birds, display many altruistic adaptations. They help to tend to offspring that are not their own, they feed other adults (Kalishow et al, 2005), they act as sentinels when other members of their group feed, they mob predators and defend the common territory against other babblers rather than letting others fight for it. Complex theories, such as group selection, kin selection, and reciprocity have been suggested in order to explain how these activities can provide indirect advantage to the altruists. We have found that babblers compete with one another to perform the altruistic activities, and they often also interfere with the altruistic activities of others. These observations suggested that the altruist gains directly from its altruistic activity (Zahavi 1977, Carlisle and Zahavi, 1986, Zahavi  and Zahavi 1997, Kalishow et al, 2005). 

The altruistic act can be considered to be an investment (handicap) in the claim for social prestige, demonstrating the reliably of the claim. It is obvious that the idea that the altruistic act provides a direct advantage to the altruist, render the above mentioned theories of indirect benefits superfluous. 

16.5.4  A Cooperation of Two and the Advantage of Adopting a Social Parasite

Although a male and a female are essential for sexual reproduction, they are not always essential for rearing the young. Trivers (1971) pointed out that an individual that could exploit another and does not do so is an altruist. Why should a parent feed at the nest rather than leaving the job to its mate, as some species do?  Most studies of the conflict between the sexes deal with situations that justify such exploitations. However, many more species do not exploit their mates and often individuals invest in their offspring although their mates are ready to provide the offspring with the same benefits. I suggest that in addition to their direct contribution to the individual's reproduction, the efforts of a parent to invest in incubation and in tending to the young may be signals of quality and as a demonstration of the signaler's interest in the collaborative effort. In this they are similar to their role among helpers in cooperative breeding species. This may also explain the common phenomena of breeding out of season, when it is obvious that the breeding attempt would fail. The investment in the collaboration is a reliable signal for the motivation of the individual to collaborate and in its ability to invest in the next year's collaboration.

Even tending to the nestling of other species can serve a similar purpose (Zahavi  and Zahavi 1997). By tending to the social parasite in their nest, a pair that has lost the chances to raise its own offspring in a particular breeding season can demonstrate to each other and to their neighbors that they are still capable parents. This may explain why a small song bird tends to a huge, easily recognizable cuckoo nestling over several weeks, a highly maladaptive trait that could have easily been selected out by utilitarian natural selection.  The hooded crow (Corvus corone) often raises its own offspring together with those of the great spotted cuckoo (Clamator glandarius). The cuckoo nestlings and fledglings beg much more loudly than the crow's own nestlings and follow their foster parents with aggressive and very loud vocalizations; the parents feed both their own nestlings and the cuckoo. Feeding their own crow nestlings is of course a direct advantage to the parents, while feeding the cuckoo provides them only with the prestige of raising it. Hence, in order to increase that prestige, the cuckoo advertises the feeding event by loud vocalization, in spite of the risk of predation. This suggestion has not yet been considered in studies of social parasitism. 
16.7 Signal selection and utilitarian selection.

In 1981 I suggested that natural selection involves two modes of selection: utilitarian selection, that tends to increase the efficiency of traits, and signal selection, that reduces the efficiency of certain traits for the sake of reliability. The evolution of all traits, including signals, is restricted by the need to evolve other essential traits. The differences between the above two modes of selection can best be understood by predictions of the outcome of these two modes of evolution when conditions change, easing these restrictions: when the investment required for the development of a particular utilitarian trait is reduced, the use of that trait may increase, or it may not change. It is not dependent on the fact that other individuals can use it equally well. This is not the case with signals. In order to be reliable, signals require differential investments. If the investment in the reliability of a signal is lowered to the extent that all individuals can perform it alike - the signal can no longer provide reliable information on differences between signalers and will go out of use. I suggested that this process is analogous to the inflation of money in human economics: money looses its value when all people can have as much money as they wish. In the first stage its use increases tremendously (inflation), but soon it becomes obsolete and the currency is changed. 

It would be very difficult to test the above proposition because evolutionary processes evolve over long periods of time. I speculated (Zahavi  and Zahavi 1997) that inflation in the use of signals may be responsible for the elimination of color displays in island-drakes. Lack (1970) attributed the loss of color in mallards and other island-ducks to the fact that having no other duck species on the island, drakes had no more use for their species specific coloration, and consequently lost them. An alternative interpretation would be that the conspicuous colorful plumage of a drake advertises its ability to evade predators. The ability to evade predators is meaningless on an island free of predators. The signal was therefore lost 

Another case may be that of the Satin bowerbird (Ptilonorhynchus violaceus). Adult males collect items to decorate their bowers, and prefer blue ones. They even steal such items from the bowers of their rival males. Dominant bower owners also destroy the bowers of their rivals (Borgia and Collins 1986). Hunter and Dwyer (1997) have found that near human habitation, where the number of blue items was artificially increased (drinking straws, bottle covers, cloth pegs, etc.), the number of such items collected was greatly increased. However, the rate of stealing was lower than in an undisturbed area, but the ratio of bower destruction relative to stealing increased. 

The suggestion that signals would lose their function by a process of inflation can serve as a test for the theory that signals are selected by a different mechanism than all other characters, i.e. the mechanism of signal selection (Zahavi 1981).

16.7.1 The interaction between Signal Selection and Utilitarian Selection.
The notion that natural selection functions through two different selection mechanisms can explain the evolution of entirely new features, such as feathers (Zahavi, 1981, Zahavi and Zahavi, 1997). It is well established that feathers have evolved from reptilian scales. The function of a scale is to cover and protect the body. How can a well-adapted scale evolve into a feather, which is adapted for flight? It cannot change directly into a primitive feather by a series of additive mutations as each change will not be efficient - either for cover and protection, or for flight and will consequently be selected out by utilitarian selection. If, however, some scales evolved gradually to become signals to advertise certain traits, such as elegance of movement or certain jumps, then the scales may increase in size by the process of signal selection, handicapping their bearer's gait or jump, attesting to the reliability of the signal. Such scales can attain extravagant dimensions. The extravagant scales may then turn out to be of help in gliding. Once gliding becomes an important adaptation, the extravagant scales can evolve into utilitarian feathers by utilitarian selection. I believe that over the millions of years of evolution by natural selection, a large number of innovative features became possible by the interplay of these two modes of selection: utilitarian selection and signal selection. 
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