XVI Evolution of Behaviour

It is possible to define behaviour in various, from many viewpoints generally unsatisfactory ways. For the sake of this chapter we are going to take behaviour in as responses of different organisms to stimuli coming from their outer and inner environment, with these responses most often dwelling in the changes of their position or position and state of their organs. The integration of the signals and holding the information that direct the individual’s behaviour is not being performed at the genome level, but at the level of specialised organs or organ systems; in animals at the neural system level above all. Behaviour is basically an integral compound of the organism’s phenotype. In some cases it is quite difficult to distinguish the point where the individual’s traits (morphological, physiological or molecular) end and its behaviour begins. Even the body colour, i. e. the part of its phenotype at first sight positively coming under the category of morphologic attributes, can be (and in animals often is) a result or display of the behaviour of the organism – see for example the seasonal changes of skin colour in beach volleyball players or similar, only slightly more spectacular changes in chameleon, cephalopods and some fish. Comparing the morphological attributes to computer hardware and behaviour to software may seem as a useful analogy. The genotype of the individual during the ontogenetic process determines the attributes of the organism. The way the organism is going to handle these attributes, how is it going to use the organs the nature has given it during the ontogenetic process, how is it going to behave, all that depends on its software. The same morphologic structure (hardware) may be used for completely different purposes – one beak can be with the same success used for shelling seeds or breaking snails out of their shells; the prehensile primate limbs are even more universal. While the hardware, i.e. the body structure, remains during the adult’s life almost unchanged (at least if we detach from the displays of gradual wearing out), the software can develop continuously; the individual is able to change its behaviour for example in result of experience gathering. It is understandable that such components of behaviour exist, principally resembling software, e. g. learned behaviour patterns, whereas others remind more of hardware, e. g. the inherited fixed behaviour patterns.

I have set evolution of behaviour aside into a separate chapter particularly because some evolutionary mechanisms actually work, even that not entirely, in this field mainly. On the other hand, the problems of the cultural evolution, which would logically belong into this chapter as well, are pursued in a separate chapter (XVII).

XVI.1 The behaviour may easily and repeatedly change during the individual’s life; the resulting plasticity of behaviour enables adaptation of the phenotype to changeable environment.

The environment of organisms is more or less heterogeneous in time and space. In one particular place it periodically or irregularly transforms itself, mostly much faster than the individual species would be able to adapt to these changes by means of natural selection. Therefore, in many species, specific mechanisms appeared that in some extent enable the adaptation of the phenotype according to the actual environmental conditions even during the individual’s life. Unicellular organisms may in connection with the available resources activate gene systems, products of which provide processing a specific nutrient or its transport into the cells; plants often very sensibly adapt their morphology, for example the size and shape of the root system, or size, shape and number of leaves in accordance to the conditions of the given place. Adaptive phenotype plasticity occurs to some extent in animals as well. Some species of daphnia, when being threatened by predators, produce tall crests on their heads to protect themselves from the predation  QUOTE "(Agrawal, Laforsch, & Tollrian 1999)" 
(Agrawal, Laforsch, & Tollrian 1999)
. Likewise, some carp fish species react to certain chemical signals showing the presence of fish predators in the tank by increasing their body height, which also may protect them from the predators  QUOTE "(Brönmark & Miner 1992)" 
(Brönmark & Miner 1992)
. Even humans have the ability to react to increased muscular stress by strengthening particular muscles and to heightened supply of UV- rays by producing protective pigments in the skin. Many of the changes mentioned are reversible and a vast majority of them is restricted to that individual, in which it has been induced and does not concern its offspring. Considering that a part of the factors invoking the particular phenotype changes remains in the environment longer than only an individual’s life-span, certain mechanisms have developed during the evolution, allowing the transmission of the acquired phenotype modifications from one generation to another  QUOTE "(Agrawal, Laforsch, & Tollrian 1999)" 
(Agrawal, Laforsch, & Tollrian 1999)
 (see II.8.2). In case the individuals in the successive generations are not meeting the original signal any more, the appropriate phenotype modification fades gradually and the original phenotype is being restored. 

The most easily modifiable compound of individual’s phenotype is behaviour. Typically, behavioural changes do not require physical changes; although there probably appear some changes in the brain microanatomy. This means the relevant phenotype changes may be immediate, easily reversible and relatively undemanding as far as energy exertion and other resources concerns. Rebuilding the body, on the other hand, may represent a deep and long-term impact for the energetic balance of the organism. Of course the abilities of individual organisms to adapt their behaviour according to the actual state of the environment differ strongly.  Generally, the quantitative and qualitative possibilities of behaviour adaptation to the requirements of the environment are related (in evolution) to the development of central neural system, the organ determined for behaviour control. After removing the differences given by the evolutionary history of studied taxons, e.g. when comparing development of central neural system within pairs of the sister taxons, the crucial factor is the character of the niche the given species occupies in the nature. Organisms living in quickly, acyclically and unpredictably changing surroundings show stronger behaviour plasticity than species living in homogenous, stable environment. For many species, intraspecific relations are the most important factor of their environment; this factor adequately shows in the development of neural system of the different species. Comparative studies mostly show that the development of neural system, mostly the development of neocortex in mammals, correlates well with the extent of social network of the given species.  QUOTE "(Kudo & Dunbar 2001)" 
(Kudo & Dunbar 2001)
 (Fig. XVI.1).

XVI.2 During evolution, some taxons have developed mechanisms for behaviour control that enable the individual to react to environmental influence the species never experienced before. 

Behaviour controlling mechanisms have appeared during evolution to enable the organisms to react sensibly to the widening spectrum of stimuli coming from their surroundings. The simplest mechanism is the inborn fixed pattern of behaviour. Some inborn fixed patters of behaviour activate autonomously during the individual’s ontogeny and life cycle, independently to the environment. They do not need any outer stimulus to activate and their form and starting point are programmed genetically. In many cases the neural system is not required for their coordination. This kind of behaviour often occurs in plants, where it is accompanied or mediated by growth; most probably it is also used in embryogenesis of most organisms. 

Type of behaviour by one step more complex is the inborn reflexive behaviour. A prototype of this kind of behaviour is the unconditioned reflex XE "nepodmíněný reflex" , but it is necessary to keep in mind that the simple reflex can be followed by a long sequence of other elements of behaviour, some of them fixed, some learned (see further). The organism’s reaction to a specific external starting stimulus is the activation of another specific pattern of behaviour (e.g. the well-known patellar reflex). The particularity of the external starting stimulus ensures the given patterns of behaviour will launch in situations advantageous for the organisms. This type of control lacks plasticity; it develops entirely in the process of natural selection which does not enable the organism to react to the current situation. From statistical point of view and in long- time perspective the existence of fixed behaviour pattern can be advantageous but in particular situations, especially in changeable conditions, such behaviour pattern can be fatal. Moths would certainly tell us, if they could, about their current experience:  For millions of years, they have orientated  according to light sources when flying in the dark; i.e. according to the position of moon and stars, objects in infinity from the practical point of view. In these days, they are more likely to end their lives by spiraling involutely into hot light bulbs.
 A further step in the evolution of mechanisms controlling organisms´ behaviour is a learned behaviour pattern, a simple model of which is conditioned reflex. Neural system of many animal kinds is adapted in such way that when a trigger stimulus for a concrete unconditioned reflex is repeatedly accompanied or preceded by another stimulus, the organism will in some time react by launching the particular behaviour pattern in consequence of this other stimulus as well.  A copybook example of an experimentally produced conditioned reflex is the famous salivating Pavlov’s dogs.

 Conditioned reflexes creation and other types of learning provide animals with good behaviour plasticity. They enable each individual of the given species to adapt to the particular local conditions which can differ from long-term conditions the majority of this kind lives in. The individual has a possibility to adjust its behaviour even to stimuli it never experienced before. In case an adaptation to a unique lifetime situation should be created (e.g. the necessity to recognize its parents), learning may occur in the form of imprinting. If the individual encounters a right stimulus at a given moment, e.g. when a freshly hatched young goose meets a colour ball or Professor Konrad Lorenz, it will imprint the particular object into its memory as its mother and for the rest of its life this stimulus will remain a starter for particular behaviour patterns. Behaviour patterns created by imprinting are long- term or permanent and do not need strengthening to last. On the other hand once they are created they are usually irreversible; they can not be changed when the outer conditions change. The standard learned patterns conversely go out more or less quickly. To last, they need to be strengthened continuously by a repeatedly occurring combination of stimuli that produced the patterns. In changeable environment this is advantageous because reflexes that are no more useful for the organism can give their place to new ones. Conversely, imprinting is useful for learning stimuli that will probably not change during the individual’s life, e. g. recognizing the mother or members of its own species.

Another step in the evolution of behaviour controlling mechanisms is creating useful behaviour patterns through operant conditioning based on inner motivation. The organism’s motivation should be seen as a particular physiological state of the organism, not as an abstract term describing heading towards a goal. The base for a new behaviour pattern is not a developing of one of the many existing specific behaviour patterns, which trigger stimulus would merge with other outer time- or locally associated stimulus. It is strengthening of those behaviour patterns of which the organism knows they are connected to a specific pleasant inner stimulus  QUOTE "(Lorenz et al. 1974)" 
(Lorenz et al. 1974)
. Specifically, this is about such behaviour patterns that evoke a pleasant feeling of pleasure or inhibit the unpleasant feeling of distress. Different stimuli coming through the organism’s senses are being continuously transformed into a common pleasure-distress „currency“ while; this simplifies and makes more effective the creation and strengthening of currently useful behaviour patterns necessary for the survival of the organism. Transformation of the outer stimuli into the inner common currency enables to free the organism from the constraints of its material world. If - from the point of view of biological fitness of the individual - it is advantageous to seek a particular objectively unpleasant stimulus, e.g. one that is usually followed by injury, the biological evolution can “program” the members of the species to certain form of  “masochism”; the objectively unpleasant stimulus will be in the particular situation perceived as pleasant (see examples of passive cannibalism in some kinds of arthropod males during mating)  QUOTE "(Fedorka & Mousseau 2002)" 
(Fedorka & Mousseau 2002)
.
Behaviour regulation through the above described pleasure-distress mechanism can be compared to regulation by a proportional regulator, since intensity of the output signal (e.g. the feeling of delight) is proportional to intensity of input signal – stimulus coming from the surroundings. In behaviour control, regulations by derivational regulator (intensity of the output signal is proportional to the fall or rise of the input signal speed) and integration regulator (intensity of output signal is proportional to input signal duration) (Fig.  XVI.2) work as well. Particularly the integration regulators can be used for controlling the spontaneous activity of organisms. If there is a long – time lack of incoming stimuli, a phenomenon we can call “charging the boredom condenser“ may occur. Be the unpleasant feeling of boredom too strong, the animal will try to uncharge the “boredom condenser”, for example by play. Play is – among others – a highly effective way of testing new behaviour patterns and including those, for an individual with a particular phenotype in its usual environment shown as effective ones,  into behaviour repertoire of the individual.

The mechanism of motivation based on pleasure-distress balance, i.e. a mechanism of  “inner motivation“ enables even signals very indirectly connected with satisfying a particular need to become trigger for complex behaviour patterns. This – in consequence – makes possible for the individual to react not only to certain objects of the real world, but also to symbols that stand in for the objects. No matter if these symbols are pheromones (i.e. chemicals primarily meant for communication between members of the same kind), hillocks of droppings (rats´ markings of poisoned baits) or “Beware of the dog” warnings on yard gates. The ability to mentally deal with symbols can finally lead to origin of  consciousness, including self- consciousness. Consciousness  and self – consciousness enables to imagine situations and connections that have not appeared yet. Mostly we can quite well imagine what happens if we put our hand into a mad dog’s mouth without having to practically test the advantages or disadvantages of this element of behaviour.

XVI.2.1 Some behaviour patterns closely connected to biological fitness are not left to individual learning by nature. 

From the moment when an individual’s behaviour begun to be determined by behaviour patterns fixed by learning during the individual’s life, not by natural selection during the evolution of a particular species, the individual’s ability to reasonably react to changes and diversity of its environment grew sharply. At the first sight, such ability seems – from the viewpoint of biological fitness – as positively advantageous. Actually, it can bring certain risks for an individual’s biological fitness as well as for the population and species. In case the fixation of particular behaviour patterns was decided by natural selection, then a vast majority of generically specific behaviour patterns objectively contributed to improving the biological fitness of organism.

If the presence or absence of certain behaviour pattern is decided by how much the given pattern usually increases the feeling of pleasure or decreases the feeling of distress, then in particular organisms behaviour patterns that actually decrease their bearer’s biological fitness can easily be created. Smoking, alcoholism and other drug addictions in humans are a typical example. 


Behaviour patterns that most and directly influence an individual´s biological fitness, first of all behaviour patterns directly connected with mate choice and other aspects of reproduction, were by evolution left to subconscious and off- conscious reflexes even in animals with best developed brains rather than entrusting the creation, strengthening or fading out to mechanisms based on conscious comparison of intensity of feelings of pleasure and distress. Even in humans, the choice of sexual or life partner or other reproduction issue is more often decided by the heart – meaning the vegetative neural system, than by brain, i.e. rational conscious consideration of advantages, drawbacks and risks. Were this not so, our private lives would probably be in average happier, on the other hand the number of genes passed on to our offspring during our life would be lower; not mentioning the fact that novelists and producers of “gorgeous” soap operas would die of hunger, had they not been bored to death first.

XVI.2.2 Cultural evolution can be more important for the evolution of certain behaviour patterns in “higher“ animals than biological evolution.

The fact that many behaviour patterns in animals do not develop by natural selection and are not genetically passed on through generations causes that their evolution does not follow laws of biological evolution and follows the laws of cultural evolution instead. In cultural evolution, a possibility of horizontal passing of traits among non- related individuals exists along with (non-genetic) inheritability of acquired characters.

Another important feature of cultural evolution is that patterns fixed during cultural evolution may in consequence be disadvantageous for their bearer as well as for the population and species. (Of course, this feature can too occur in traits fixed e.g. by sexual selection.) Overlooking this important feature of behavioural traits is probably the main flaw in classical socio-biology and to a certain extent ethology as well. Both disciplines are trying to explain the origin of individual behaviour patterns from a narrow viewpoint of their acquisition to the biological fitness of their bearers or to the efficiency of allele multiplication that condition particular behaviour patterns. According to the specificity of cultural evolution’s mechanisms, this topic will be dealt with in a separate chapter (XVII).

XVI.3 Lamarckistic evolution model presumed that behaviour change in animals precedes the changes of their phenotype.

The original Lamarck´s theory presumed that adaptive traits of organisms arise in evolution so that an organism first starts to behave adaptively, e.g. a giraffe’s ancestor starts to graze tree leaves and in consequence the exercise of particular body parts will cause morphological changes: lengthening of the neck and legs in giraffes.  In the chapter on evolution of ontogenesis (XII.7) we have shown that a similar mechanism can partly work in some tissues and organs, for example in bone trabecules morphology. So as the useful adaptation of the individual’s morphology could be significant in the evolutionary process, it is necessary to fixate the changes genetically. This claim is not as strict as it seems. In theory, the ecophenotype changes (i.e. changes in phenotype caused and maintained by change of outer environment without genetic fixation) should be found in the offspring of the first long- neck giraffe, if they would have learned to feed themselves on tree leaves from the parents. However, by general experience we know that a vast majority of morphologic traits is passed on genetically and develops in the same form even in individuals who did not have the possibility to learn typical behaviour patterns from their parents.

As since Darwin’s and Weisman´s times most biologists consider ideas about a possibility of genetic fixation of acquired characters obsolete, thus the possibility to influence the evolution of the organism’s phenotype through adaptive changes of their behaviour is thought minimal, we know two mechanisms today: the Baldwin’s effect and genetic assimilation, which can have similar consequences.  (see XVI.3.2).

XVI.3.1 Only such phenotype changes that influence the effectivity of behaviour patterns actually found in a species members can be fixated by means of natural selection. 

Members of a species can not develop fins before they have started to swim (leaving the exaptations phenomenon aside). At the first sight, this principle may seem in contradiction to today´s theory about non-existence of directed (adaptive) mutations (see III.11), but it is necessary to keep in mind that the issue of a new mutation and the issue of a new phenotype trait are in most cases two different phenomena. While mutation arises in one-step process, the origin – or rather development – of a phenotype trait is usually a process taking many steps, requiring fixation of a number of mutations for its realization. Accomplishment of such many- step process would not be possible without the individual steps being secured by natural selection, i.e. if the bearers of the individual mutations contributing to the given trait before issuing another useful (advantageous) mutation would not first prevail in the population in consequence of their heightened biological fitness. 
One isolated advantageous mutation can accidentally occur, and as the results of fluctuation tests show, in the vast majority of cases it actually occurs without any relation to existence or non- existence of a relevant selection pressure. Anyway a chain of several consecutive mutations leading to the origin of a certain phenotype trait (e.g. a fin) can only develop if a particular selection pressure will long-lastingly be affecting a population (Fig. XVI.3). This shows that adaptive learned behaviour in animals can be of great importance in biological evolution. When a population creates a new adaptive behaviour pattern, e.g. when members of a certain bird species learn to feed on shelled snails instead of seeds, the genetic fixation of the pattern that has earlier been transmitted by imitating and learning is only a question of time. It is also just a question of time to make it more effective by natural selection’s choosing appropriate morphologic and physiologic changes in the phenotype of the members of the population. 
XVI.3.2 Learned behaviour may accelerate the adaptive evolution using the Baldwin effect and genetic assimilation.

This evolutionary creative role of learned behaviour was described in 19th century by the psychologist James M. Baldwin XE "Baldwin J.M." ; therefore the Baldwin effect  QUOTE "(Baldwin 1896)" 
(Baldwin 1896)
. The Baldwin effect XE "Baldwinův efekt"  is often incorrectly identified with the  XE "efekt:Baldwinův" genetic assimilation phenomenon XE „genetická:asimilace"   QUOTE "(Waddington 1961)" 
(Waddington 1961)
, sometimes also called organic selection XE "organická selekce"   QUOTE "(Baldwin 1902;Matsuda 1982)" 
(Baldwin 1902; Matsuda 1982)
 QUOTE "" 
. Even that the principles of both phenomena were among first described by Baldwin with an interval of approximately ten years, they are two complementary, but distinct and autonomous processes  QUOTE "(Hall 2001)" 
(Hall 2001)
. The Baldwin effect accelerates the evolution of adaptive traits in species capable of learning by giving a chance to survive to individuals who are able to use a new source or are able to avoid a harmful factor using a learned behaviour pattern, thus creating space for an evolutionary answer to the given factor by producing a number of various adaptations. Genetic assimilation is responsible for genetic fixation of phenotype trait originally produced non- genetically in the individuals. For example Conrad Hal Waddington XE "Wadington C.H."  in the fifth decade of the 20th century observed that a certain change of wing nervation in drosophila, originally in part of the population a response to heightened temperature during the larvae ontogenesis, occurs in the offspring of altered individuals in further generations more and more often as long as this phenotype appears also in flies developing in normal temperature  QUOTE "(Waddington 1961;Grodnitsky 2001)" 
(Waddington 1961; Grodnitsky 2001)

 QUOTE ""  ADDIN REFMAN ˙\11\05‘\19\01\00\00\00\00\01\00\00*C:\5CProgram Files\5CReference Manager 9\5CMAIN1\03\00\048540\18Grodnitsky 2001 8540 /id\00\18\00 
 (Fig. XVI.4). Phenotype change originally conditioned by the environment (phenocopy) has during some generations become genetically dependent.

At present it is assumed that genetic assimilation comes up thanks to changed environmental conditions or the behaviour pattern achieved by learning reveals small interindividual genetically dependent differences and therefore  enabling them to be fixed by natural selection   QUOTE "(Hall 2001;Flegr 2002)" 
(Hall 2001; Flegr 2002)

 QUOTE ""  ADDIN REFMAN ˙\11\05‘\19\01\00\00\00\00\01\00\00*C:\5CProgram Files\5CReference Manager 9\5CMAIN1\03\00\049504\13Flegr 2002 9504 /id\00\13\00 
. 

In the above mentioned hypothetical snail shelling case, both genetic assimilation and the Baldwin effect can work. When the organisms start showing a certain behaviour pattern, the so far hidden differences in predispositions of the individual members of the population for performing a certain activity will set off; in our case it is the snail shelling. This enables by means of selection to fixate the individual already existing alleles that condition or at least ease self- creation of a particular trait, i.e. launching a particular behaviour pattern (snail shelling), even without a particular external stimulus or without the necessity to learn it individually in a particular case (genetic assimilation).

Along with this, the Baldwin effect is responsible for the fact that selection makes this behaviour pattern more effective in time by proper modification of the organism´ s phenotype – e.g. by selecting birds with larger or stronger beaks.  

XVI.3.3 According to the evolutionary adoptions hypothesis, usefulness arises in evolution by individual mutated organisms creating such behaviour patterns and finding such environment that best fits their mutations. 

Some authors assume that relation between a morphological trait that is useful from the viewpoint of a specific behaviour of an organism and the behaviour itself is exactly inverse than how it is described by the Baldwin effect. They presume that the relevant (incidental) phenotype change is primary and useful utilization of the change by creating an appropriate behaviour pattern is secondary. If we come back to the example from sect. XVI.3.2, we find that at first, birds with large strong beaks arise, then they are looking for possibilities of using them, when finally by the try-and – error method they find out it can be used for shelling snails. According to these conceptions, in evolution  the phenotype of organisms does not adapt itself to activities and environment thanks to adaptations, but adoptions – by actively creating those behaviour patterns that best use the changes of the phenotype made by mutations and by seeking environment where these phenotype changes can be used best  QUOTE "(Piaget 1979;Ho & Saunders 1982)" 
(Piaget 1979; Ho & Saunders 1982)

 QUOTE ""  ADDIN REFMAN ˙\11\05‘\19\01\00\00\00\00\01\00\00*C:\5CProgram Files\5CReference Manager 9\5CMAIN1\03\00\048313\1BHo & Saunders 1982 8313 /id\00\1B\00 
. 


It may seem that both ways of usefulness origin are possible and even highly probable in case of adaptive traits that are conditioned by only one mutation. Actually, egression of adaptations´ usefulness by the Baldwin effect is much more probable. If a new mutation arises, e.g. one that leads to egression of a large strong beak, and the mutant will be so lucky to find a way of using it sensibly, for example for cracking the snails´ shells, it (the now useful mutation) can be passed on to the organism’s offspring only. However, to prevail in population is a long-time and rather improbable phenomenon concerning the mutant´s offspring. Most – even very useful – mutations vanish from the population during a few generations because of the genetic drift. If more mutations are required for the optimal value of the trait (the optimal size of beak in our case), all of them have to appear within the offspring of the given mutant. On the contrary when the evolutionary news is made by the Baldwin effect, i.e. a particular behaviour pattern is created first (birds start to crack the snails, even imperfectly because of a weak beak), this behaviour pattern can spread horizontally by imitating into the whole population and the useful mutations 
(e.g. a strong beak) can consequently be issued in any individual. The speed and probability of issuing an evolutionary novelties by the Baldwin effect, i.e. by adapting the organisms to their environment and behaviour through mutations, is much higher than in case the organisms would have to look for environment and behaviour that would suit their mutations.

XVI.4 Individual behaviour patterns can from the evolutionary point of view be divided according to how they will influence the biological fitness of their bearer and the biological fitness of other individuals from the population.

The biological fitness of an individual is usually expressed as relative fitness, i.e. related to average or maximal fitness of other members of the population. At first sight it may seem it is not necessary to distinguish strictly whether a particular behaviour pattern (trait) heightens the individual fitness of its bearer or lowers the individual fitness of other individuals from the population. The reality is a bit different, though, for one reason mainly: while behaviour that heightens the individual fitness is only useful for the bearer of this behaviour, the behaviour that lowers the fitness of other individuals is useful for other members of the population as well; specifically said these individuals, against whom this behaviour is not used. If the given behaviour that lowers the fitness of others means a certain weight to its bearer, which is probably a frequent situation, then this behaviour is more useful for others, who are not burdened by it. Such trait can of course be only hardly fixated in the population by the usual evolutionary mechanisms. 

Principally it seems useful to define and characterize in details three behaviour categories here: selfish behaviour, i.e. one that heightens the biological fitness of its bearer while it lowers (directly or indirectly) the biological fitness of other members of the population; altruistic behaviour, i.e. one that heightens the fitness of other members of the population but lowers the fitness of its bearer and spiteful behaviour, i.e. one that does not influence or slightly lowers the fitness of its bearer while it markedly lowers the fitness of other members of the population. Most usual behaviour patterns belong into the category of selfish behaviour. The origin of the selfish behaviour patterns can be easily explained by the common mechanisms of natural selection. Other two categories, i.e. the altruistic and spiteful behaviour require special evolutionary mechanisms for explaining their origins. 

XVI.4.1 Altruistic behaviour lowers the biological fitness of its bearer and heightens the biological fitness of the individual towards whom it is used.

Altruistic behaviour has always been subject to heightened interest of evolutionary biologists.  The origin and long- term lasting of the altruistic behaviour patterns can not be explained by mechanism of individual (intraspecific) selection, so the explanation of its relatively frequent incidence in nature was for a long time a challenge for biologists.


Historically the first suggested mechanism of evolutionary origin of the altruistic behaviour was group selection. According to this hypothesis, altruistic behaviour belongs among traits that were not fixated by individual, but by group selection, because they favour groups (sub-populations), where bearers of these traits appear, at the expense of groups with not so many or no bearers of  altruistic behaviour. For a long time the effect of group selection was doubted, mainly with regard to the fact that the influence of individual selection in favour of the egoists (free riders) inside the groups easily prevails over the influence of interpopulational selection in favour of the groups with altruists (see IV.8.2). Today, the opinion prevails that in a normal (structured) population, consisting of a higher number of continuously issued and fading sub- populations, this mechanism can be relatively strong and under some conditions can prevail over the influence of individual selection. It can therefore be expected that in at least some cases the group selection is responsible for the origin of altruistic behaviour  QUOTE "(Alexander & Borgia 1978;Shanahan 1998;Wilson 1975a)" 
(Alexander & Borgia 1978; Shanahan 1998; Wilson 1975a)
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.
 


Another mechanism that may be responsible for the origin of altruistic behaviour is kin selection
 XE "výběr:kin"  QUOTE "(Hamilton 1964a;Hamilton 1964b)" 
(Hamilton 1964a; Hamilton 1964b)

 QUOTE ""  ADDIN REFMAN ˙\11\05‘\19\01\00\00\00\00\01\00\00*C:\5CProgram Files\5CReference Manager 9\5CMAIN1\03\00\044229\16Hamilton 1964 4229 /id\00\16\00 
.  As the theory of interallelic selection (the selfish gene theory) stresses, the decisive criterion for fixation or loss of a mutated allele is not how the allele contributes to biological fitness of the individual in whose genome it is but how it contributes to spreading the copies of the allele in the particular locus inside the population’s gene pool  QUOTE "(Dawkins 1976)" 
(Dawkins 1976)
.  Some alleles may contribute to spreading their copies within the gene pool so that their bearer heightens through his altruistic behaviour  the biological fitness of other bearers of the same allele, usually they are his relatives, at his own expense (Fig. XVI.5). It seems again the existence of some patterns of the altruistic behaviour can be explained by this mechanism.


Another explanation of the existence of altruistic behaviour presumes that it often actually is a so called reciprocal altruism QUOTE "(Trivers 1971;Axelrod & Hamilton 1981)" 
(Trivers 1971; Axelrod & Hamilton 1981)

 QUOTE ""  ADDIN REFMAN ˙\11\05‘\19\01\00\00\00\00\01\00\00*C:\5CProgram Files\5CReference Manager 9\5CMAIN1\03\00\048450 Axelrod & Hamilton 1981 8450 /id\00 \00 
. In case of the reciprocal altruism the individual uses a particular pattern of altruistic behaviour only towards those members of the population from whom he can in future expect returning the appropriate altruistic behaviour. Ethological studies mostly show that individual members of the population constantly „keep a record“ about how each member of the population altruistically behaves towards them or towards other members of the population and according to the degree of his altruism they altruistically behave or don’t behave towards him.


In species with sufficiently developed neural system and sufficiently developed social structure of populations such behaviour patterns have fixed that lead to punishing little altruistic individuals or even to punishing individuals who do not participate at punishing insufficiently altruistic individuals  QUOTE "(Gintis, Smith, & Bowles 1901;Okamoto & Matsumura 2000)" 
(Gintis, Smith, & Bowles 1901; Okamoto & Matsumura 2000)
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. These behaviour patterns of course strongly promote the existence of altruistic behaviour. The problematic of reciprocal altruism will be further treated in section dedicated to competition of strategies in the frame of games with repeated interactions between players (XVI.5.3).
 

XVI.4.2 Spiteful behaviour is relatively little spread in nature.

It could be expected that spiteful behaviour patterns will fixate in evolution the same way as selfish behaviour patterns, because in sexually reproduced species, the spreading of a biological trait in population is determined by how much it increases the effectiveness of spreading allele responsible for this trait  (compared to other alleles of the same gene) and in asexually reproducing organisms it is decided by how much the trait  heightens the individual biological fitness of the carrier of a particular allele (compared to the average carriers of other alleles in the population) (Hamilton 1970). At the first sight it seems indifferent whether the individual reaches heightening of its relative fitness by heightening its absolute fitness or by lowering the absolute fitness of its competitors, other individuals from the population. Still, observations from nature show that the spiteful behaviour patterns are quite rare QUOTE "(Dobson, Chesser, & Zinner 2000;Foster, Wenseleers, & Ratnieks 2001)" 
(Dobson, Chesser, & Zinner 2000; Foster, Wenseleers, & Ratnieks 2001)
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.  Purposely, I will leave aside the most trivial explanation that the individuals „selflessly harm“ other members of the population so skilfully and inconspicuously that in most cases a naive and idealistic biologist can not spot it.  Anyway, it would be appropriate to mention that our shared experience with the behaviour of the representatives of a certain well- studied primate species indicate that this possibility should not be omitted. 


The simplest explanation of evident absence of spiteful behaviour is that all three mechanisms of the evolution of altruistic behaviour shown in the previous section, i.e. the group selection, kin selection and reciprocal behaviour, simultaneously works as a barrier against egression and spreading of the spiteful behaviour patterns. Technically different, but at least equally important reason for the absence of these behaviour patterns is that in consequence not only the bearer of the trait, the Vandal, but also other individuals from the population (more specifically those who are at the given moment not directly affected by the spiteful behaviour) profit from it.   These “innocent bystanders“, whose relative biological fitness rises thanks to lowering the absolute biological fitness of the individual affected by vandalism, are moreover in advantage towards the bearer of spiteful behaviour. They do not have to spend any strength on spiteful behaviour and do not expose themselves to the risk of possible revenge of the vandalism victims.


Theoretic models show that spiteful behaviour can spread in population mainly when vandals can recognize the degree of their genetic affinity to the victims and direct the spiteful behaviour primarily on non- related individuals. In this context it is sometimes discussed whether certain elements of behaviour of individuals infected by some parasites could be interpreted as and their origin be explained as spiteful behaviour of the infected host  QUOTE "(Rozsa 1999;Rozsa 2000)" 
(Rozsa 1999; Rozsa 2000)

 QUOTE ""  ADDIN REFMAN ˙\11\05‘\19\01\00\00\00\00\01\00\00*C:\5CProgram Files\5CReference Manager 9\5CMAIN1\03\00\047602\13Rozsa 2000 7602 /id\00\13\00 
. If the individual’s biological fitness is lowered, because it has been infected with a parasite, then the best thing it can do is to infect other individuals in the population. Theoretical models show that in case it infects other individuals in the population regardless of the degree of their genetic relationship, i.e. regardless  of the probability of their sharing the copies of the same alleles, such behaviour will be selectively neutral, i. e. it will not bring any change of the inclusive fitness of the individual.  If the infected organism will harm preferably to the individuals not related to it, the gene for this behaviour may spread in the population. It is very well known that individuals infected by certain kinds of parasites have higher motility and are able to migrate at longer distances  QUOTE "(Poulin 1994a)" 
(Poulin 1994a)
. According to some concepts this may be a manipulation activity of the parasite, who is favoured by higher motility of the infected individuals, because it can further infect more so far healthy organisms  QUOTE "(Randolph 1998)" 
(Randolph 1998)
. According to other hypothesis it can be an expression of spiteful behaviour of the infected host who is trying to infect as many yet healthy non- relatives in the population as he can, thus heightening its own inclusive fitness.

XVI.5 Evolution of behaviour is based on competition of alternative behaviour patterns; this process can be studied using the mathematical apparatus of the game theory.

Advantage or disadvantage  of a trait for the bearer is often conditioned by what traits or behaviour patterns other individuals in the population are carrying. This is most noticeable in evolution of the individual behaviour patterns so it is not surprising that these phenomena had first been studied on models of the evolution of behaviour. It is necessary to stress out that most phenomena we are going to deal with in the rest of the chapter can assert themselves in the evolution of totally different traits in sexually reproduced species, including traits shown in ontogenesis and consecutively in the grown organisms´ phenotype. Expedience or inexpedience of a certain allele is often determined by what allele is present on the homologous chromosome descending from the other parent (non- additive dominance effects) or what alleles are there in other loci on other chromosomes (non- additive epistatic effects). Considering that the utmost majority of these phenomena are studied at models describing competition of alternative behaviour patterns, i.e. alternative behavioural strategies, I have decided, according to tradition, to insert a large part of the problematic into this chapter though logically it would belong into the chapter on selection dependent on frequency.   


We are studying the competition of alternative strategies using a complex mathematical apparatus of the game theory. This problematic is in detail and from a bit different angle explained in Sect. IV.5.1. Principally, for the competing strategies a payoff matrix is built. In this matrix it is stated how an individual - bearer of a particular strategy - will be rewarded when getting in interaction with another individual, again a bearer of a strategy (including the same strategy as in the bearer). If we are studying competition of evolutionary strategies on the intraspecific level, we can express the size of rewards for the individual participants in the evolutionary games in biological fitness units. In direct dependence on the average biological fitness of the bearers we can during the game, i.e. from one generation to another, change frequency of the individual strategies´ bearers in the population. During the evolutionary game finally some strategy either wins or a balanced state is established when the frequencies of the individual strategies remains stable; eventually the proportion of particular strategies may cyclically change. Except for the pure strategies with the individual always behaving the same way in interaction with another individual, we also know mixed strategies, when the individual behaves with p1 probability  in one way, with p2, p3, p4 … pi  probabilities in other ways and context- conditioned strategies, when the individual behaves in interaction with another individual according to what strategy the other one bears.  

XVI.5.1 In long- term time extent, the so called evolutionarily stable strategy is the winner of the competition of alternative strategies.

Evolutionarily stable strategy is defined as a strategy that once to prevail in population it can never be outcompeted by another (minority) strategy  QUOTE "(Maynard Smith & Price 1973)" 
(Maynard Smith & Price 1973)
. It is such strategy that from all alternative strategies is most successful in competition with itself. Translated into language of biologists, long- term numerical prevalence of bearers of evolutionarily stable strategy in population is not threatened by incidental appearance of mutants or migrants, because bearers of any alternative strategy will have lower biological fitness than bearers of the majority strategy.  
The best known model that can demonstrate the principle of alternative strategies´ competition is a model called the dove and the hawk; it was described from mathematical point of view in other context in Sect. IV.5.1. The dove and the hawk are names for two alternative strategies asserted when two individuals compete over a certain resource, e.g. a piece of food.  If two individuals competing over a piece of food direct their behaviour according to the dove strategy (for simplification we will further talk only about two doves, two hawks etc.), they will share the food and each gets an average half of the reward. If two hawks compete, they will fight over the food and only one of them gets the whole piece; the other one will be injured more or less seriously with the negative value of the injuries usually prevailing over the positive value of the food acquired. The average reward two hawks, the winner and the loser, get from their competition, is therefore negative. If a hawk meets a dove, the dove retreats without fight, therefore without injury; the hawk gets all the food. An example of the reward matrix is in Fig. IV.5. Analysis of the model shows that neither the dove nor the hawk represents evolutionarily stable strategies. If all individuals in a population will behave as doves then the mutant, the hawk, wins all competitions without injury and the particular strategy will spread in population. Analogically in a hawk population the mutant, the dove, gets the biggest, i.e. zero reward from all competitions, because the hawks will mostly compete with other hawks so their average reward will be negative. It is obvious that finally a balance will be set up in the population that means such frequencies of both strategies where the dove’s average reward and the hawk’s average reward will be the same. If we admit the existence of so called mixed strategies, an evolutionarily stable strategy will be to behave with p1 probability as a hawk and with (1 – p1) probability as a dove.

Of course, evolutionary stability of a strategy is conditional only; the given strategy is only stable in the conditions described by  our idealized model. If in real population a minority (mutated) new strategy occurred, one that was not included in the original reward matrix, the original winning strategy could easily lose its evolutionary stability. This limiting condition, obvious for a mathematician, is of course valid for any theoretical model; no model can predict the behaviour of the system in conditions that were not considered while creating it. 

XVI.5.2 The game Prisoner’s dilemma describes a situation when betraying the cooperating opponent brings greatest profit, mutual cooperation a bit lower profit, mutual betrayal even lower profit and one- sided betrayal from the opponent’s side causes greatest loss. 

In a particular setting of the reward matrix, specifically in cases when betraying the cooperating opponent brings greatest profit, mutual cooperation brings a lower profit, mutual betrayal even lower profit and betrayal from the opponents side brings greatest loss and at the same time the reward sum for one- side betrayal for both participants is smaller than double the reward for mutual cooperation, the players get into situation called the prisoner’s dilemma. The prisoner’s dilemma game comes in many variants; one of them may be described as follows: Two prisoners got caught after they committed a serious crime together. There is no direct evidence against them so in case they will cooperate mutually, meaning they will contest the accusation, nobody will be able to prove they are guilty for committing the major crime. They will only be accused of committing a minor crime, e.g. holding a stolen object, and given a relatively mild sentence, like three years in prison. Each prisoner is now in his cell and gets the following offer. If he will first own up and call his accomplice the major culprit of the crime, he will get an even milder sentence, e.g. one year of prison. If he will be renouncing, while the other prisoner, who got the same offer, will plead guilty first, he will get many year’s punishment. If both prisoners will betray their accomplice, each gets five years in prison. Most works analyze the game where reward for mutual cooperation is 3 points, for mutual betrayal 1 point and for one- sided betrayal the traitor gets 5 points and the betrayed 0 points. Mathematical analysis of this situation shows that in given conditions it is most advantageous for any prisoner to betray the accomplice to avoid risk of being the second to come with this solution. The course of a majority of actual processes shows that to find the only right strategy most prisoners do not need to know the mathematical apparatus of the game theory. Of course we meet a situation more or less analogical to the prisoner’s dilemma in nature as well. An individual sometimes gets into situation when it has to decide among betrayal that can bring either great profit or minor loss, cooperation that can bring average profit if the partner will cooperate too, and great loss if the partner will betray it. In situation when the partners are not going to meet in future or the organisms are not able to recognize or remember their ex- opponents, they are most likely to choose the strategy to always betray. An analogy of the prisoner’s dilemma game is used in situations when an individual who follows its own goal against a large group of players, e.g. against a whole society. In such case the behaviour of all participants will end up in situation called “Tragedy of Commons” XE "Tragedie společných statků"  XE "hra:Tragedie společných statků"   QUOTE "(Hardin 2001)" 
(Hardin 1968)
. The course and result of this game was very graphically described using the example of the destiny of English country commons. If a village’s commons were not regulated for how intensively they can be pastured, they were completely destroyed by immoderate pasture and the cattle of villagers who could only tend on the commons died of hunger. If the commons were divided among villagers, each would only have so many animals his pasture would be able to feed. In the commons case, the most advantageous strategy for each individual was to get as many animals as possible asap; before someone other´s animals would destroy the pasture and without – moreover - losing over against other farmers until complete devastation of the commons. 

A similar game, the so called wolf’s dilemma, belonging into a broader category of “common welfare” games, can be modelled in laboratory. Compared to the prisoner’s dilemma game the reward for mutual cooperation is even higher than reward for one- side betrayal, though the risk of betrayal is higher because of higher number of participants. We seat twenty experimental subjects into separate cabins to keyboards of a computer terminal and acquaint them to the following rules: who will be the first to press a key, gets – fully anonymously, without the other players knowing – $ 4. If no one will press a key during 10 minutes, each participant gets $ 20. It is highly probable the game will be only short and we will only have to pay $ 4 CZK reward. Betraying and receiving a small reward immediately after starting the game, before someone else finds the right solution, is regrettably the most rational solution. (Anyway this is no guarantee; don’t ask me for allowance in case you will run into a cooperative group and will have to pay $ 400 rewards.)   
XVI.5.3 In evolution, the fact that the same individuals can during their life in similar conditions interact repeatedly, is of essential importance.

From the point of view of behaviour evolution it is very important that the same individuals get into mutual interactions repeatedly. The individuals are able to adjust their behaviour according to what response there was to the behaviour in the past and at the same time they have to count on that their behaviour will influence the future behaviour of a partner (opponent). In such case, even in the prisoner’s dilemma game a number of strategies exists that are far more advantageous than the always betray strategy. Among the first to be known and yet relatively most successful strategies is the "Tit for Tat" strategy  QUOTE "(Axelrod & Hamilton 1981)" 
(Axelrod & Hamilton 1981)
. It always begins with cooperation and in every next step the individual repeats the opponent’s last step strategy. If two individuals following this strategy meet, they can in long- term profit from mutual cooperation, while if they meet an opponent who follows the always betray strategy, they lose in the first step but in the next ones they give the chronic hoodwinkers no advantage. In general balance, the simple Tit for Tat strategy wins.


 The above mentioned conclusions are only valid under one vitally important condition: both opponents are not allowed to know when their interactions will be finished, i.e. how many steps (moves) the game takes. At the moment it would be obvious that the game ends and the opponents would know they are not going to meet in future, for any of them the most advantageous thing to do would be betraying at the last step and getting the extra reward for one- side betrayal. So the last step would be determined and immediately a question would arise about how to act in the previous move – the most advantageous solution would be betrayal again. From the beginning, the game would be about who will be the first to betray. The situation is completely different when the players do not know which step will be the last, which is much favourable for spreading of kindlier game strategies.
 

XVI.5.4 In the real world, where the players sometimes make mistakes, the Tit for Tat strategy is not the optimal one; other strategies win.

Organisms live in the real world, not in the world of idealized models. One of the basic differences between models and reality is the fact that real world is always more or less unpredictable (stochastic) and errors happen there with certain probability. An individual can by mistake or accidentally betray its opponent or on the contrary cooperate in error, or its behaviour can be the same way misinterpreted by the opponent. In the real world, Tit for Tat is not an optimal strategy and can be pushed out of the population by other strategies. An example of a strategy more successful in the unpredictable world is “Generous Tit for Tat”, sometimes also called “Firm but Fair”  QUOTE "(Nowak & Sigmund 1992)" 
(Nowak & Sigmund 1992)
. This strategy with certain probability (30 %) forgives sporadic betrayal, i.e. it responses by cooperation in the next round of the game. If two bearers of the Tit for Tat strategy play against one another and one of them betrays by mistake, it launches a long series of mutual punishing and both opponents fail to profit. On the contrary if such situation occurs when two bearers of the Generous Tit for Tat strategy or one Generous Tit for Tat bearer and one Tit for Tat bearer, the mutual punishment series will be terminated quickly as soon as the Generous Tit for Tat bearer responses to the betrayal by cooperation in the next round. From the viewpoint of the game theory, even the Generous Tit for Tat strategy is not an evolutionarily stable strategy in the stochastic world, because its temporary winning enables the always cooperate strategy to spread and this allows the successful return of the always betray strategy. So the game does not have a stable solution, the representation of individual strategies in population circulates constantly. It seems so far that only those strategies can be evolutionarily stable that do not direct their behaviour according to the opponent’s behaviour in the last round, but according to how they behaved in the last round and what profit they got from it. A fairly successful, even though not evolutionarily stable strategy of this kind is Pavlov XE "Pavlov I.P."   QUOTE "(Nowak & Sigmund 1993)" 
(Nowak & Sigmund 1993)
. It is directed by a simple rule: repeat your behaviour from the last round, if it was successful (i.e. you betrayed and the opponent cooperated or you both cooperated), change your behaviour if you lost in the last round (i.e. you cooperated and your opponent betrayed or you both betrayed).  The Pavlov, apart from the Generous Tit for Tat does not allow in the somewhat unpredictable world the always cooperate strategy to spread, but it enables the always betray strategy to disseminate. Existing results show that even the simplest so far described evolutionarily stable theories have to be capable of learning, i.e. they must have memory and possibility to follow the results of a number of previous rounds when choosing strategy for a new round  QUOTE "(Wakano & Yamamura 2001)" 
(Wakano & Yamamura 2001)
. Experiments performed with the help of experimental games with human volunteers have shown that actually in normal population the persons are mainly following strategies similar to the Generous Tit for Tat as well as the Pavlov strategy (Fig. XVI.6). At the same time it was shown that actually used strategies were somewhat complicated and as well more successful than the Generous Tit for Tat or Pavlov and that the players were using information from a number of previous rounds in the strategies  QUOTE "(Wedekind & Milinski 1996)" 
(Wedekind & Milinski 1996)
.

XVI.6 When choosing their behaviour, organisms are not directed by the sum of expense and profit, expressed in units of biological fitness, but by a similar sum of negative and positive emotions. 

Based on the results of ethological observations and experiments and actually based on introspection as well it can be said that when deciding, the individual is usually not directed by how much real profit or real loss the behaviour brings and very often even not by how much profit or loss it gets in units of pleasure and distress. In many situations from the both viewpoints the individuals may behave quite irrationally. How the individual will behave in a particular situation is in the end decided not by a rational calculus but an irrational emotion  QUOTE "(Fehr & Gachter 2002)" 
(Fehr & Gachter 2002)
. The consequence of this is that behaviour of real organisms may in some situations significantly differ from behaviour that could be expected according to the game theory. An example that simply illustrates this situation is a psychological experiment called ”ultimatum game“. There are two players and the following rules: Player A gets $ 100 from the experimenter. He can give a voluntary amount from this sum to player B. If player B finds the sum too small, he can refuse it; in that case both players will get nothing. The game only has one round, i.e. the players can not expect a reward or payback for their behaviour in future rounds. According to game theory, and rational thought as well, the most appropriate strategy for player A is to offer player B an arbitrarily small sum, e.g. $ 1 , and from player B´s viewpoint to accept this arbitrarily small sum with gnashing teeth. The problem is the teeth gnashing. Because of the negative emotions caused by the unfair sharing of the sum, player B is very likely to refuse the money. He will punish the opponent, although he will fail to profit as well – he will get nothing instead of an at least small sum of money. But emotionally he will feel much better – he will bask on the feeling that his unfair currish opponent, the goddamn scrooge, got nothing too. Because player A can almost certainly expect such behaviour from player B, no wonder he is going to split the amount much fairlier, often 1:1 (Fig. XVI.7). In such case, player A gets a bonus – a pleasant feeling that he again showed the world how righteous he is; for some persons  of course a similar bonus can be a feeling that they have just outmanoeuvred the opponent by offering him such a small sum and he finally accepted it (while gnashing his teeth so nicely).


At the first look it may seem that existence of emotions that force us to irrational behaviour is in many situations disadvantageous for organisms, and a question opens on how this mechanism could arise in evolution by means of natural selection. The truth is that individuals who follow their emotions rather than rational calculus can be in long – term much more successful. The evolution had from the long- term viewpoint a possibility to optimize in what situations and in what intensity the outer stimuli will launch our individual emotions. Because the optimization went on through an objective mechanism of natural selection, i.e. only what really increased the biological fitness of its bearer could fix in population itself, the evolution included into the final calculus even such expenses and profits that the individual could not or was not able to include into its rational calculus. For example if we behave altruistically in the ultimatum game with a total stranger, we can not guess in advance how often someone else will learn about our “noble and selfless“ behaviour, how much it will improve our reputation and how can the good reputation influence our biological fitness in future  (Fig. XVI.8). On the opposite, the evolution has had enough time to try this practically and according to results of the individual “experiments“ it could set the appropriate launching levels for emotions  that will in future direct individuals´ behaviour in similar situations. 


In most populations there is enough genetically conditioned variability concerning emotions, moreover the particular traits can be transferred culturally. That means that mechanisms directing emotional behaviour can with help of the Baldwin effect and genetic assimilation develop relatively quickly and adapt to the changes of environment. Still, evolution of particular directing mechanisms and so the evolution of individuals´ behaviour in population may in some cases fall behind the changes of environment the organisms currently live in. This concerns mainly the evolution of humans, whose environment, and namely  its most important part from the biological fitness viewpoint – social environment – develops according to the scale of biological evolution at the speed of a lightning.  It is therefore possible that our emotional world is optimized for the environment  our species lived in for the past tenths or hundreds thousands of years and it did not manage to adapt to the changes that came with overcrowding and life in numerous and anonymous groups for most of us. That means some behaviour patterns that are forced to us by our emotions can actually be disadvantageous for our biological fitness;  they can be truly altruistic, i.e. they may objectively lower the inclusive fitness of the carrier to the profit of the non- related individuals in the population.


The conclusions of evolutionary psychology sketched in this chapter may seem cynical. Anyway, it is necessary to think about some of the not so visible consequences of the phenomena described in the previous paragraph. They figure among other that our inner world is to a great extent autonomous, independent on the outer world we live in. What fills us with pleasant feelings does not necessarily contribute to extending our biological fitness, and what is unpleasant does not necessarily harm us. It may seem declassing that this can only be a consequence of the evolution’s inability to keep the speed of development of our emotions up to the speed of our environment’s development. Objectively, it is more important that evolutionary psychology shows us we are not prisoners or hostages of our biological nature, but free individualities that are independently responsible for their decisions and behaviour. Which behaviour is right or wrong, the ethical thing has to be decided by ourselves; we cannot plead that behaviour that does us emotionally good is objectively correct. As a kind of compensation for the increased efforts and personal responsibility we can in return get a warm feeling that we are not living in a cynical world where every altruistic deed is only altruistic for effect, but that we and our neighbours can behave (and most likely often do behave) really selflessly.

Legends

Fig. XVI.1 Correlation between the size of social network and the development of neocortex in primates. A comparison study carried out in 30 species of primates including humans shows a positive correlation between the size of social network (number of individuals in the group who are in long-term direct or mediated social interaction) and the development of neocortex (or more precisely the ratio of neocortex volume to total cerebral tissue volume). The axes indicate phylogenetic contrasts calculated for neocortex size and for social network size. After Kudo and Dunbar (2001).   

Fig. XV.2 Types of regulators. From the perspective of the cybernetics there are three basic types of regulators. In a proportional regulator, the intensity of outgoing signal is directly proportionate to the intensity of incoming signal, in a derivative regulator the intensity of outgoing signal is directly proportionate to the speed of change in the incoming signal, and in an integrating regulator the intensity of outgoing signal is directly proportionate to the product of intensity and duration of incoming signal. Units expressing the intensity of incoming and outgoing signals and time have been selected arbitrarily for the chart.  

Fig. XVI.3 Complex organ evolution. The diagram shows three alternatives of evolution of a complex organ, the chamber eye in this case. The first alternative, chamber eye evolution in one step (a), is practically out of question, since it would require simultaneous occurrence of a number of evolutionary changes in one individual. The second alternative, i.e. gradual evolution of the complex organ via accumulation of individual evolutionary changes without the involvement of selection (b), is also rather implausible. Individuals carrying the previous mutation are quite rare in the population and it is therefore much more likely that their offspring will die out as a result of genetic drift without breeding even before it would have acquired the next necessary mutation. On the contrary, the third alternative, that is gradual accumulation of useful partial mutations with the involvement of selection, which spreads the evolutionary change to all individuals in the population in each step (c), represents a highly efficient mechanism capable of producing even the most complex organs in a relatively short time.   

Fig. XVI.4 Genetic assimilation. With a low frequency, drosophila population of Drosophila melanogaster produces mutants missing the posterior transversal vein on their wings. If drosophila pupae are exposed to heat shock (40 °C) between the 21st and 23rd hour, phenocopies of the given mutation, i.e. flies with the same phenotype as the above mentioned mutants, will be obtained in a considerable share of individuals. The chart shows the progress of experiment in which drosophilas were selected for higher frequency and for lower frequency of phenocopies in the population exposed to heat shock. In the line selected “upwards”, towards a higher frequency of phenocopies in the population exposed to heat shock, a genetic assimilation occurred in the course of the experiment, resulting in a growing share of individuals producing phenocopies, even when they had not been exposed to heat shock in pupa stage. After Waddington (1953b).    

Fig. XVI.5 The impact of genetic relationship on the willingness to cooperate. Willingness to cooperate was tested in 59 monozygotic and 37 dizygotic same-sex twins using the prisoner’s dilemma game. During the experiment, siblings were sitting each in a different corner of the room and had to raise a red or a blue mark. If both raised blue marks (cooperation), each received 3 pence. If both raised the red marks (betrayal), each received one penny. If one raised the blue mark and the other the red mark, the red-mark twin received 5 pence and the blue-mark twin did not receive anything. Each pair of twins played 100 games in total. The chart shows the evolution of average cooperativity during 100 games for monozygotic twins (black points) and for dizygotic twins (grey points). Cooperativity was expressed as the average of the number of bilateral cooperations (valued at +1) and bilateral betrayals (-1). Unilateral betrayal was calculated as 0 points. The chart demonstrates that the level of cooperativity has on average been higher and has continually grown during the experiment in genetically more related individuals, i.e. monozygotic twins, while in dizygotic twins it remained low throughout the experiment. After Segal and Hershberger (1999). 

Fig. XVI.6 Incidence of strategies similar to generous tit-for-tat and Pavlov in a student sample. First year biology students from the University of Bern (N = 58) repeatedly played the prisoner’s dilemma game for money. They were not familiar with the theory of the experimental game. In a situation where in a certain round one player betrayed while his opponent cooperated, a large group of students almost always cooperated in the next round, opting for the generous tit-for-tat strategy, while another, approximately twofold, group of students almost always betrayed, opting for the Pavlov strategy (see side bars of the histogram). Even in the three other possible situations (i.e. bilateral cooperation, bilateral betrayal, unilateral betrayal by opponent in the previous round) the behaviour of members of both groups was almost always in line with the relevant strategies. Results of theoretical analyses show that generous tit-for-tat is more advantageous in a situation where the two players alternate in each round in who is the first to reveal his choice, while Pavlov is more useful when both players reveal their choice at the same time. Yet during the experiment the players did not change their favourite strategy and in each variant of the game adhered to either generous tit-for-tat or Pavlov. After Wedekind and Milinsky (1996).       
Fig. XVI.7 Altruistic punishment and its impact on sustained cooperativity. In the course of the experiment, the test subjects (the players) played two series of 6 games of common good. At the beginning of each game 4 players received 20 monetary units and each of them could privately deposit any amount, that is 0-20 units, in a pool and keep the rest. Experiment leader then counted the total deposited amount, augmented it 1.4-fold and distributed it equally among the players, irrespective of how much each of them had deposited. For each deposited unit only 0.4 unit was returned to the players, but providing that they all fully cooperated and deposited their 20 units, they would in the end gain 32 units instead of 20 in one game. At the beginning of the experiment the players knew that there would be 6 games in total and that they would never play against the same player twice. The players did not know how the other players played in previous games. The common good game was played in two variants, with and without punishment. In the game without punishment, the amount from the pool was distributed among the players at the end of each game. In the game with punishment, prior to distribution, the amount each player had deposited was disclosed (under a nickname) and the players had the chance to punish each other: they could impose sanctions on each other at the amount of 0-10 units. If player A imposed a sanction of for example 1 unit on player B, 1 unit was deducted from his account and 3 units were deducted from player B’s account. Consequently, the punishment was an expression of altruism – it meant a financial loss for the punisher, while he was never going to play against the punished player again, meaning that he could not benefit financially from any potential improvement in the stingy player B’s behaviour. Despite these conditions players often punished their stingy (non-cooperating) partners in the game: 84 % of players punished at least once during the 6 games, 34 % more than five times and 9 %  more than ten times. Sanctions were quite high – if a player invested 14-20 units less than the other three players in the game, he received an average sanction of almost 30 units. Half of the players played 6 rounds of the common good game without punishment (a) and half with punishment (b), then they were informed that another 6 rounds would follow, this time the very last game indeed, of the other variant than what the group had played originally. A total of 240 players participated in the game and each of them earned around 27 units on average. The chart clearly shows that average cooperativity (average number of units deposited by the players in the pool) gradually decreased in the game without punishment, while in the game with punishment cooperativity was much higher and gradually increased even further over time. After Fehr and Gächter (2002).   

Fig. XVI.8 The impact of potential change in reputation on sustained cooperativity. Nineteen six-member groups of students played anonymously, or more precisely under allocated nicknames, two alternating experimental games: the indirect reciprocity game (grey symbols) and the common good game (black symbols). In the first case, each of the six members was once a potential donor and once a potential acceptor of approximately 2.5 DM in each round. The potential donor could decide whether he would give this amount to a concrete acceptor. If he decided to do so, he lost 2.5 DM and the acceptor received 4 DM. The donor knew that the particular acceptor would never be assuming the role of donor towards him in the next rounds, and thus would not be able to pay him back for this move. The moves of all players were made public after each game (under the nicknames of course). In the common good game, each player could deposit or not 2.5 DM in a common pool in each round. After the money had been deposited, experiment leader augmented the deposited amount to double and distributed it equally among all players, irrespectively of whether they have contributed to the pool or not. Each player’s move was again published after each game. If a given group played the indirect reciprocity and the common good games alternatingly since the beginning, the players maintained a relatively high level of cooperativity (dotted line). However, if the group played eight rounds of the common good game first (where the player’s reputation cannot affect results), cooperativity among the players rapidly decreased (full line). In the subsequent eight rounds of indirect reciprocity game their cooperativity picked up. The experiment ended with four rounds of the common good game. If the players knew in advance that these were the last four rounds and that there would be no more indirect reciprocity game (triangles), their cooperativity quickly decreased. If they were not given this piece of information (squares), the level of cooperativity remained very high. After Milinsky and Krambeck (2002).      
