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Abstract 

Organisms carry a large number of adaptive traits, 

i.e., traits that enable them to obtain resources and 

acquire sex partners from their social, biotic, and 

abiotic environments, and escape the negative 

factors of these environments. When we 

recognize an adaptive trait, we typically assume 

that it is a product of some form of selection, 

either of natural selection sensu stricto 

(environmental selection, as, for example, legs 

and eyes), sexual selection (e.g., antlers and 

peacock tail), or parental selection (e.g., the 

colorful interior of the beak of altricial birds’ 

nestlings). In many cases, the attribution of a 

biological function to the trait is simple and 

straightforward. However, even in such cases, we 

can be wrong – a particular trait could be an 

exaptation rather than an adaptation or it could be 

a by-product of processes other than selection. 

Sometimes, we are not able to recognize what 

function a trait has for its bearer. The trait, 

including a behavioral pattern, can be a product of 

the manipulative activity of a biological entity 

other than the entity we suspect, usually another 

member of its species or a parasite. Besides, many 

traits are products of the organism’s own genes 

but help to spread their own copies at the expense 

of the biological fitness, viability, or fecundity of 

their carrier.  A trait can also be a product of a 

different selection process. A trait might be a 

product of group selection or species selection, for 

example. Certain complex traits evolved only to 

keep an old biological adaptation in a functional 

state, not to evolve a new useful adaptation. And, 

finally, a trait can fulfill a function that was useful 

for the ancestors of the present organism but is not 

useful for the organisms that we study now. 

Similarly, a particular trait can be useful under 

special and rare conditions that are unknown to or 

otherwise not taken into consideration by the 

researcher.    
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5.1. Adaptive traits that are not adaptations in a 

narrow sense 

Many complex traits that fulfill a certain useful 

biological function and therefore seem to be 

biological adaptations are not biological 

adaptations in a narrow sense. Stephen J. Gould 

(Gould, 2002; Gould & Lewontin, 1979) 

described two categories of such adaptive traits: 

spandrels and exaptations.  

 

5.1.1. Spandrels 

Spandrels are structures, sometimes rather 

complex structures, that do not come into 

existence by any sort of selection or sorting, but 

because of the inherent laws of physics, 

chemistry, or geometry. Gould borrowed the term 

spandrel from architecture (Gould & Lewontin, 

1979), where it describes an architectural element 

that develops not through the intention of the 

architect, but as a consequence of objective, in this 

case topological, laws. Gould and Lewontin 

discussed a special case of spandrels, the 

pendentives. These are spherical, triangular areas 

permitting the placing of a circular dome over a 

square room. The best-known case (at least for 

evolutionary biologists who read the seminal 

article of Gould and Lewontin) consists of the 

pendentives in the Basilica of St. Mark in Venice. 

Today, these pendentives bear pictures of the four 

evangelists and thus seem to be an essential and 

intentionally created element of the artistic 

decoration of the cathedral. However, they were 

not created to bear these paintings, but because 

this was the most rational structural solution for 

joining a four-walled base with its cupola ceiling. 

In short, the pendentives in the Basilica of St. 

Mark originated as a structural necessity and 

“became the subject of selection”, i.e. were 

covered with the mosaics of four evangelists, long 

after the creation of the basilica.   

Columella in the axis of a snail shell is an 

example of a biological spandrel (Fig. 5.1). It 

could be considered as a biological adaptation that 

was built up by natural selection to increase the 

rigidity of the shell. However, the central rod must 

arise automatically due to laws of topology in any 

shell that develops by coiling a growing chamber 

of an aging animal into a spiral during the life of 

a snail. Therefore, the columella is not an 

adaptation, but a spandrel. Of course, the 

morphology of columella can be later modified by 

natural selection to fulfill a certain biological 

function. In such a case, the columella becomes 

an exaptation (see below). Similarly, it is useful to 
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have body mass for keeping attached on the 

surface of Earth, where most resources are 

available. However, body mass is not an 

adaptation built up by natural selection to anchor 

us to the surface of Earth; it is a spandrel that 

arises due to laws of physics.    

 

Fig. 5.1 Columella represents a spandrel, not an 

adaptation. 

  
 

5.1.2. Exaptations 

Exaptations are traits (structures or behavioral 

patterns) that originated as spandrels or by means 

of selection but now fulfill different functions 

than those for which they were originally selected. 

For example, the feathers of birds probably 

evolved as an adaption for thermoregulation in 

certain groups of reptiles (Thanukos, 2009). The 

existence of these structures later enabled the 

evolution of wings, the organs of gliding, and 

eventually active flight. The feather was therefore 

a “preadaptation” for flying (the structure 

originally evolved to insulate animals, but was 

later modified by selection for flying). When it 

started to fulfill its new function, it became an 

exaptation (not an adaptation) for flying.  

The difference between an adaptation and an 

exaptation is not just a question of terminology; it 

has also important practical implications. The 

current state of various exaptations carries not 

only the traces of the selection for their present 

function but also the vestiges of their past function 

or functions. Previous functions act as historical 

constraints playing an important role in the past 

evolution and current structure and function of the 

exaptation. Often, the structure of an organ or the 

nature of some behavioral pattern is suboptimal in 

the context of its current biological function. The 

reason for this could be that it is not a biological 

adaptation designed for its current function but 

instead an exaptation for this function. It is no 

exception that the exaptation must fulfill both new 

and old functions. Because of this, its current form 

cannot reach the optimum state because there is a 

trade-off between the optimization for the purpose 

of old and new functions. The feather best suited 

for thermoregulation differs from the feather best 

suited for flying. Similarly, the structure of the 

seal paw cannot be optimal both for swimming 

and for walking. In some cases (e.g., feathers), the 

two functions may separate with further 

evolution. In other cases (e.g., seal paws), such 

separation is complicated or even effectively 

unattainable, which leads to a prolonged state of 

suboptimal exaptation. 

In the real world, we see a ladder of adapta-

tions, preadaptations, and exaptations. All traits 

originally come into existence as products of 

accidents – random mutations. The resulting 

evolutionary novelty usually decreases the 

viability of its carrier. Sometimes, however, the 

mutation has a positive effect on the biological 

fitness of the mutant individual and improves 

some biological function (A) of the organism (or 

the probability of transmission of a particular 

allele to the next generation; see Dawkins’ model 

of inter-allelic competition (Dawkins, 1982)).  In 

the first case, the new trait can be considered as a 

preadaptation for function A. The efficiency of 

the function is improved by the accumulation of 

further mutations and the corresponding structure 

(or, e.g., a behavioral pattern) will become an 

adaptation for A. Trait A can be the preadaptation 

for a trait B, or sometimes traits B, C, D, etc. 

These new traits are the exaptations for other 

biological functions and some of them can be at 

the same time preadaptations for other distinct and 

different functions. Taken to the extreme, all 

adaptations are exaptations because evolution 

does not start from nil. It modifies already existing 

structures or functions. Still, the term and concept 

of exaptation are useful when we analyze the 

evolution of particular traits and search for 

developmental constraints that played role in their 

formation.    
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An important role in the process of 

transforming a preadaptation, spandrel, or 

nonadaptive trait originating by a random 

mutation into an adaptation is often taken by the 

so-called Baldwin effect (Baldwin, 1896). 

Usually, the Baldwin effect is considered to come 

into action when the evolution of certain 

behavioral patterns is studied. However, the role 

of the Baldwin effect is more universal and could 

also concern the evolution of morphological or 

physiological traits. The Baldwin effect stresses 

the role of learning in evolution and implies that a 

change in behavior may precede a change in gene 

frequency. Shortly and simply, it states that an 

animal “cannot evolve fins without starting to 

swim”. The animal must at first start to swim 

(using, e.g., limbs) to allow selection for, and 

consequently, accumulation of, mutations that 

modify the structure of limbs in a way that 

increases the efficiency of swimming and, in the 

end, turns the feet of a terrestrial animal into the 

fin of an aquatic one. Some mutations also modify 

the neural system of the animal in a such way that 

the behavioral patterns needed for using the new 

morphological traits for swimming become 

instinctive despite the fact they were originally 

learned and transmitted from generation to 

generation culturally.  J. M. Baldwin was a 

psychologist and therefore the genetic 

assimilation of originally learned behavior was 

the main subject of his interests. However, the 

principle, in this context often called organic 

selection, is nearly universal and may occur in 

some form in the evolution of any trait. 

 

5.1.3. Byproducts 

Many traits have a nature of preadaptation without 

clear adaptive value. Some of them originated as 

spandrels, some as adaptations for certain (known 

or unknown) functions. They could fulfill some 

function at the present; however, often their 

adaptedness is at least a subject of doubt. Often, 

such traits are byproducts of the evolution of other 

biological functions. Scientists, and especially 

editors of scientific journals, like adaptations. 

Therefore, there is temptation for the authors of a 

scientific paper to attribute some function to the 

trait under study. Sometimes, such attribution is 

correct; however, sometimes it is wrong. For 

example, several hundred papers exist showing 

the behavioral effects of latent Toxoplasma 

infection on the behavior of intermediate hosts, 

including on the behavior and personality of 

humans. These effects are mostly considered as 

products of the manipulative activity of the 

parasite aimed to increase the efficiency of its 

transmission from infected intermediate hosts 

(any warm-blooded animal) to a definitive host (a 

cat) by predation.  Some effects are specific, e.g., 

the change from fear associated with a cat’s smell 

to attraction to this smell in infected rodents 

(Berdoy, Webster, & Macdonald, 1995, 2000), 

chimpanzees (Poirotte et al., 2016), and probably 

also humans (Flegr, Lenochová, Hodný, & 

Vondrová, 2011; Flegr et al., 2018). Such specific 

effects have a high probability of being the 

products of parasite manipulation.  

Some effects are, however, less specific and 

could therefore be byproducts of other activities 

of the parasite, or could be the product or 

byproduct of adaptive or maladaptive reactions to 

the infection by a host.  For example, infected 

humans display several specific shifts in 

personality traits, e.g., in extroversion and 

suspiciousness. Typically, the opposite 

personality shifts are observed in men and women 

(Flegr, Zitkova, Kodym, & Frynta, 1996). To 

explain this pattern, Lindová et al. suggested the 

stress-coping hypothesis (Lindová et al., 2010; 

Lindová et al., 2006). It posits that the observed 

personality changes are not the result of the 

manipulative activity of Toxoplasma, but 

byproducts of the behavioral reaction of infected 

hosts on the chronic stress that accompanies the 

latent infection. Most parasitologists and medical 

doctors consider latent toxoplasmosis, which 

affects about one-third of the world’s population, 

harmless in immunocompetent humans. 

However, recent research inspired by the stress-

coping hypothesis showed that this prevailing 

notion is probably wrong.  One study showed that 

differences in the prevalence of toxoplasmosis in 

88 countries positively correlate with the 

incidence of many diseases and disease categories 

after potential confounding variables (e.g., Gross 

Domestic Product per capita (GDP), latitude, and 

humidity) are controlled (Flegr, Prandota, 

Sovickova, & Israili, 2014). In fact, the separate 

analysis performed for Europe showed that the 

differences in prevalence of toxoplasmosis 
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explain 23% of the total variability in disease 

burden in 28 European countries. In a cross-

sectional study performed on 1488 nonclinical 

volunteers showed that 333 Toxoplasma infected 

subjects scored worse in 28 of 29 health-related 

variables and reported a higher incidence of 77 of 

134 disorders under study (Flegr & Escudero, 

2016).  

It is highly probable that some latent 

toxoplasmosis-associated personality changes are 

the byproducts of the impaired health of infected 

subjects. For example, Toxoplasma infected 

subjects, both men and women, score lower on the 

personality trait novelty seeking than uninfected 

subjects (Flegr et al., 2003; Novotná et al., 2005). 

This personality trait is known to be associated 

with an increased level of the neurotransmitter 

dopamine (Cloninger, 1998). The overproduction 

of dopamine can explain about a 2.7 times higher 

risk of schizophrenia in Toxoplasma infected 

subjects (Torrey, Bartko, Lun, & Yolken, 2007; 

Torrey, Bartko, & Yolken, 2012). It was 

originally suggested that this neurotransmitter is 

produced by activated leukocytes in the 

inflammation loci in an infected brain (Flegr et al., 

2003).  Later, however, genes for two essential 

enzymes for the dopamine synthesis were 

identified in the genome of Toxoplasma gondii 

(Gaskell, Smith, Pinney, Westhead, & Mc-

Conkey, 2009) and the expression of these genes, 

as well as large concentration of dopamine, were 

observed in cysts of Toxoplasma in the infected 

brain tissue (Prandovszky et al., 2011). It is, 

therefore, possible that increased production of 

dopamine and the resulting behavioral changes 

were originally byproducts of pathological 

processes in an infected brain. Later, however, 

they were reinforced by acquiring corresponding 

genes, possibly by horizontal transfer, and 

production of dopamine in the infected cells.  

Some byproducts can be important and 

adaptive. For example, the evolution of our brain 

could be originally fueled by selection for other 

functions (Gould, 1997). A good candidate is 

processing visual stimuli in the complex 

tridimensional environment of canopies where 

our primate ancestors lived. Later, the same 

“hardware” was adopted for other functions that 

started the processes of sapientation in our more 

recent ancestors. Corresponding brain structures, 

therefore, could be considered both as a byproduct 

and a preadaptation. 

 

5.2. “Adaptations” without adaptive values for 

their carriers 

5.2.1. Selfish alleles 

Since Darwin, most biologists studying an 

unknown complex trait automatically ask the 

same questions: “What is the biological purpose 

of this trait? How does it increase the biological 

fitness of its carrier or its chances to win in the 

competition for resources, including sex 

partners?” However, the situation is not so simple. 

Often, this old question is principally wrong and 

misleading. 

As was shown by William D. Hamilton in his 

seminal papers in the 1960s (Hamilton, 1964a, 

1964b) and described in detail by Richard 

Dawkins in his books The Selfish Gene and The 

Extended Phenotype (Dawkins, 1976, 1983), the 

question should, in fact, be: “How does this trait 

increase the chance of an allele of the gene 

responsible for this form of a trait to be transferred 

to further generations in more copies than other 

alleles of this gene?” In many cases, the presence 

of a particular trait, e.g., an extreme form of 

altruism, decreases the direct biological fitness of 

its carrier. However, the same gene increases the 

chance of an individual’s survival and conse-

quently also reproduction of relatives who, due to 

their common descent, probably carry copies of 

the same allele for altruism. By boosting their 

chances to reproduce, the allele increases the total 

number of its copies transmitted to future 

generations even if the altruistic individual dies 

before reproducing or leaves a smaller number of 

offspring. 

In the case of ultra-selfish genes (alleles), the 

presence of a certain allele (and corresponding 

trait) impairs not only the direct fitness, but also 

the inclusive fitness of its carriers. For example, 

the t-allele of mice makes its male carriers sub-

fertile as they have only half the number of the 

viable sperms. However, all their viable sperms 

carry the t-allele, not the wild type allele of the 

gene. The reason is that the sperms with the wild 

type allele are incapacitated during spermatogene-

sis. The t-allele, which also codes for a shorter tail, 

spreads quickly in a population without providing 

any advantage to its carriers (Ardlie, 1998; 
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Vanboven, Weissing, Heg, & Huisman, 1996). 

Such blue-beard alleles (do not confuse with the 

green-beard effect, which is also described in 

Dawkins’ books) can be responsible for many 

traits without apparent biological “purpose.”  

 

5.2.2. Adaptation (and for the benefit) of other 

members of a species 

Sometimes, the phenetic trait can bring an 

advantage to another organism, either of the same 

or different species. In eusocial species, the useful 

and therefore adaptive strategy of the members of 

the completely or nearly sterile caste is a 

resignation of their own reproduction in favor of 

helping their relatives reproduce. It can be shown 

that in this way they achieve higher inclusive 

fitness than when they try to reproduce 

themselves (Skutch, 1935). In most other cases, 

however, the resignation of an organism’s own 

reproduction is a product of manipulation by 

parents or nestmates (González-Forero, 2015). 

When the manipulation ceases to exist, for 

example, when the queen dies or is removed from 

the nest, some “sterile” individuals turn into a new 

fertile queen. 

We can theorize, for example, that a gene in 

the developing embryo of an older son can, by 

manipulation with the mother’s physiology, affect 

the ontogeny of the brain of future younger 

brothers. This could increase the probability that 

the younger brothers become homosexuals, 

handicapping them in the future competition for 

sexual partners or, later, for parental resources, 

see BOX 1. 

 

Box 1. The sibling manipulation hypothesis of 
homosexuality 

Male homosexual behavior and especially its 
psychological background – homosexual sexual 
preferences – are an old evolutionary enigma. It 
remains common in human (as well as animal) 
populations despite the fact that homosexuals 
have significantly lower fecundity than 
heterosexuals (Ciani, Battaglia, & Zanzotto, 2015). 
Several principally different explanations have 
been proposed. A group of related hypotheses 
posits that homosexuality is a byproduct of 
bisexuality (bisexuals are hypothesized to have 
higher fecundity than heterosexuals) (Dewar, 

2003). Another group of hypotheses suggest that 
homosexuality is a result of pleiotropy – basically, 
an undesirable side-effect (from the point of view 
of fitness) of some otherwise useful gene 
(Camperio-Ciani, Corna, & Capiluppi, 2004; Miller, 
2000). However, the hypotheses of both groups 
are only weakly supported by empirical data.  

Another hypothesis suggests that 
homosexuality serves some function unrelated to 
reproduction, most probably maintenance of 
long-term alliances of men (Kirkpatrick, 2000). 
Another category of hypotheses suggests that 
male homosexuality is a product of kin selection – 
homosexual males could provide resources to 
their heterosexual siblings as helpers (E. O. 
Wilson, 1975).  Again, neither of these concepts 
have been unambiguously supported with 
empirical data. 
Rather, a related hypothesis, the parental 
manipulation hypothesis, suggests that male 
homosexuality is a result of the manipulative 
activity of parents (probably the mother) aimed to 
optimize the (unequal) distribution of resources 
among sons (Ruse, 1988; Trivers, 1974). This 
hypothesis was supported by the discovery of the 
fraternal birth order effect – the positive effect of 
older sons (and their number) on the probability 
of homosexual orientation in younger sons 
(Slater, 1962). It was shown that each older 
brother increases the probability of 
homosexuality of younger brothers by about 33% 
(regardless whether they lived together or were 
separated after birth) and that only biological 
brothers, not stepbrothers (or older or younger 
sisters) have this effect (Blanchard & Bogaert, 
1996), but see (Miller, 2000).  

In 2017, a possible mechanism of this 
manipulation was identified – the maternal 
immunological response to the Y-chromosome-
linked protein neuroligin. Neuroligin is a cell 
adhesion molecule thought to play an essential 
role in specific cell-cell interactions in brain 
development (Bogaert et al. 2017). The nature of 
this immunological response suggests that the 
initiators of the manipulation might be older 
brothers, rather than the mothers. In contrast to 
the mother, older brothers can directly increase 
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their fitness by diverting a part of important 
resources, e.g., future mating partners or material 
resources of a family, from their closest 
competitors, the brothers, to themselves. Of 
course, by doing this, they impair an important 
component of their inclusive fitness. According to 
Hamilton’s rule, however, the resources invested 
by the older brother to his own offspring has a 
two times higher value than the same amount of 
resources invested in younger brothers’ offspring 
(Hamilton, 1964a, 1964b). Therefore, the sibling 
manipulation hypothesis offers an alternative and 
more plausible explanation of the fraternal birth 
order effect on male homosexuality than the 
parental manipulation hypothesis does. To test 
the validity of the hypotheses, it would be 
necessary to compare the effect of homosexual 
orientation of a man on the fitness of his older 
brothers and his mother. Of course, a modern 
human, with its drastically changed social 
environment is not an optimal model organism 
for testing this (and many other) hypotheses.. 
 

5.2.3. Adaptations for parasites 

Certain behavioral patterns, physiological traits, 

or morphological traits might be also products of 

parasite manipulation. For example, upon infec-

tion, parasitic flukes Leucochloridium paradoxum 

can turn a tentacle of amber snail Succinea putris 

into a large conspicuous pulsating organ. This 

“organ” is a biological adaptation of the fluke, not 

the snail. The evolution of the fluke optimized the 

morphology and appearance of the transformed 

tentacle to attract insectivorous birds, the defini-

tive hosts of the fluke. The bird harvests and eats 

the transformed tentacle with hundreds of 

microscopic larvae of the fluke that transform in 

its body into adult, sexually reproducing flukes 

(Lewis, 1974).  

Many examples of complex morphological 

structures whose morphogeneses are programmed 

by genes of parasites are known in plants. The 

resulting structures on the leaves and other organs 

of a plant, galls, serve as microhabitats for 

phytoparasites from many phylogenetically unre-

lated taxa of insects and mites, but also fungi, 

bacteria, and viruses. The galls are formed from 

the plant cells; however, they are often genetically 

or epigenetically modified to produce special 

chemicals that serve as nutrients for the parasitic 

organisms that programmed their formation.  

Various zooparasites manipulate the most 

flexible part of the host phenotype, its behavior, 

to increase their chance of transmission from 

infected to non-infected hosts. For example, the 

protozoan parasite Toxoplasma gondii can 

reprogram its intermediate host, usually a rodent, 

to lose its innate fear of the smell of a cat, or rather 

transform this fear to an attraction to this smell 

(Berdoy et al., 2000). It seems now that epigenetic 

modification (probably demethylation) plays an 

important role in this reprogramming of regula-

tory elements of specific genes in neurons of the 

medial amygdala in the host’s brain (Dass & 

Vyas, 2014; Flegr & Markos, 2014). Causing this, 

Toxoplasma increases its chance of transmission 

from the intermediate to the definitive host by 

predation.   

Toxoplasma seems to be able to manipulate 

also the behavior of apes, including humans 

(Flegr et al., 2011; Flegr et al., 2018). Both 

chimpanzees (Poirotte et al., 2016) and humans 

seem to prefer the odor of diluted cat urine (or 

leopard urine in chimpanzees) after infection with 

Toxoplasma. This surprising finding might be of 

major significance. Toxoplasma causes a lifelong 

infection in about one-third of people on Earth. It 

has been suggested that its manipulative activity 

results in a change in personality and behavior, 

including specific sexual behavior (Flegr, 2017; 

Flegr & Kuba, 2016). Now, of course, the induced 

behavioral changes that include the prolongation 

of reaction times are not adaptive, as the 

probability of being eaten by a feline predator is 

very small in modern humans. However, the 

situation was probably rather different in our not-

so-distant evolutionary history.   

 

BOX 2. Is Toxoplasma responsible for masochism? 
Latent toxoplasmosis affects the sexual behavior 
of humans. A cross-sectional study of 5,087 
Toxoplasma-free and 741 Toxoplasma-infected 
subjects showed that Toxoplasma-infected men 
are more often sexually aroused by fear-, 
violence-, and danger-related stimuli than non-
infected men (Flegr & Kuba, 2016). It was 
suggested that the manipulative activity of 
Toxoplasma, specifically the change of mice’s fear 
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of the smell of a cat to attraction to this smell, is 
based on the observed modification 
(demethylation) of regulatory elements of 
specific genes associated with the hypothalamus 
(Dass & Vyas, 2014). This masterpiece of 
epigenetic engineering could cause the strong 
stimuli that normally stimulate fear-related 
circuits to stimulate adjacent sexual arousal-
related circuits (Flegr & Markos, 2014).  

Of course, toxoplasmosis is not the cause of 
sexual masochism. In fact, toxoplasmosis is 
responsible for only a small part of the variability 
in this personality trait (about 5%) and many 
Toxoplasma-free subjects, especially women, 
express this trait to a very high degree. Rather, 
Toxoplasma (in a similar way to producers of 
horror films) exploits the fact that fear- and sex-
related circuits are localized in adjacent regions of 
the hypothalamus and strong stimuli could 
spillover from the former to the latter. 
Toxoplasma evolved a way to intensify this 
spillover.  

More detailed analyses showed that 
Toxoplasma-infected subjects express lower 
intensity and a narrower spectrum of sexual 
activities compared to Toxoplasma-free subjects 
(Flegr, 2017). Less usual types of sexual behavior, 
including those related to sexual dominance 
(sadism) and sexual submission (masochism) 
were especially affected. However, the activities 
related to sexual submission were affected much 
less than those related to sexual dominance, 
leading to the observed relation between latent 
toxoplasmosis and masochism.   

Toxoplasma is a eukaryotic organism with 
many thousands of genes. It is no wonder that it 
could have evolved sophisticated biological 
adaptations to increase the efficiency of its 
transmission in its host populations. It is highly 
probable, however, that many viruses, which 
typically carry only few genes (or a few tens of 
genes) are also able to manipulate the behavior of 
their hosts. For example, Rabies lyssavirus can 
modify the behavior of an infected animal in a 
specific way that is useful for spreading the virus 
by biting other animals of the same or different 
species (Hueffer et al., 2017). A less conspicuous 

(and, fortunately, also less fatal) case is probably 
the manipulation activity of many respiratory 
viruses that induce coughing and sneezing, which 
effectively enhances the spreading of the 
infection by respiratory droplets or aerosol and 
possibly by even more sophisticated behavioral 
manipulation (Bouayed & Bohn, 2020). 
 
5.3. Adaptations that evolved not by individual 

selection, but by other types of selection 

Another problem with adaptive traits is that they 

could be adaptive on various levels. We have 

already seen trait adaptation for individuals (those 

originated by individual selection) and for close 

family (those originated by kin selection. 

However, certain traits might be adaptive for a 

group of only loosely related individuals (group 

or interdemic selection), whole species  

(interspecies selection/competition), or even for 

evolutionary lines/clades (species selection).  

Individual selection is probably the most 

famous evolutionary mechanism that was 

discovered by Charles Darwin (Darwin, 1860). It 

provides a simple and understandable explanation 

of the origin of the purposeful traits of living 

beings. It can be easily explained and understood 

due to its analogy with artificial selection (i.e., 

breeding). Therefore, when a biologist studies a 

certain structure or behavior of an animal, 

including a human, he or she automatically begins 

by asking how it maximizes biological fitness in 

the competition among the members of the same 

population. 

It is a rational behavior because it is highly 

probable that most of the adaptive traits originated 

by this mechanism, or that it at least plays a role 

in sustaining these traits in current species. The 

traits that bring no advantages in intrapopulation 

competition, or even bring some disadvantage, are 

usually quickly eliminated by individual 

selection, drift, or draft even if they are useful for 

a population or a species. However, that is not 

always the case. 

 

5.3.1. Kin selection 

Many traits including parental behavior and many 

(but not all) forms of altruistic behavior aimed at 

genetic relatives are the well-known products of 

kin selection, i.e., the competition for maximal 

inclusive fitness (Hamilton, 1964a, 1964b). Kin 
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selection is often used to explain eusociality – the 

existence of sterile castes in many insect species 

and even some species of mammals, or the 

existence of helpers – the individuals who 

temporarily help their parents to care for their 

siblings instead of beginning their own reproduc-

tion in some species of birds (E. O. Wilson, 1975). 

Kin selection is sometimes also used to explain 

the existence of menopause in humans and some 

other species (Shanley, Sear, Mace, & Kirkwood, 

2007; Sherman, 1998). 

However, the product of this form of selection 

includes also spite behavior aimed at nonrelatives. 

Spite behavior decreases the fitness of the victims 

of such behavior while it usually has negative 

impacts also on the individual that expresses it. 

The individual can increase its relative direct 

fitness either by increasing its own direct fitness 

or by decreasing the direct fitness of other 

members of the population. In the terms of (more 

important) inclusive fitness, an individual can 

increase its relative fitness by decreasing the 

fitness of individuals that are not its genetic 

relatives. For many species, it is not easy to 

estimate the relatedness of other members of the 

population. However, for some species, this is 

possible to achieve, for example, by using 

olfactory clues. In other species, an individual can 

achieve the same effect by moving from its native 

population to a geographically distant population. 

It has been suggested that the tendency of 

individuals infected by certain parasites to travel 

to distant populations is not the result of the 

manipulative activity of the parasite (aimed to 

infect new populations), but the adaptive spite 

behavior of an infected host aimed to increase its 

relative inclusive fitness by infecting unrelated 

individuals (Rozsa, 1999, 2000).  

 

5.3.2. Group selection 

Group selection, sometimes also called interdemic 

selection, is encountered wherever a species forms 

a large number of more or less independent social 

groups, i.e., herds, flocks, or bands, and when the 

survival or reproduction of an individual is closely 

connected with the survival and success of its 

social group. If group selection is in operation in a 

given species, then its action can lead to a 

preference for those properties of organisms that 

are advantageous for the group as a whole, but need 

not provide any advantage for the bearer or can 

even be harmful to the bearer. The pattern of 

altruistic behavior is a typical example of traits that 

are useful for a group as a whole but harmful to 

their carriers.  

 For example, if a predator appears in the 

vicinity of a flock of jackdaws, the first jackdaw 

that notices its presence gives a warning cry, and 

the whole flock tries to escape or defend itself. 

From the standpoint of the individual, the issuing 

of the warning cry and participation in the 

protection of the flock is disadvantageous behav-

ior. The individual would have a much better 

chance of survival if it were to selfishly use the 

information about the presence of the predator for 

itself alone and, according to the circumstances, 

either crouch down or inconspicuously move to the 

other side of the flock and leave some other 

individual, perhaps its potential competitor, to be 

eaten. But, instead of this, it warns the rest, gives 

up its advantage, and exposes itself to the same risk 

that the predator will attack it as any other member 

of the flock. 

 However, from the standpoint of the group, 

this altruistic behavior is useful because it reduces 

the probability that the predator will be successful 

in attacking the flock. Among a great many moving 

targets, attacking the center of a scattering flock is 

difficult and frequently unsuccessful. A flock that 

contains altruistic individuals thus has a better 

chance of deflecting the predator than a flock of the 

same size that does not contain altruists. Therefore, 

at the end of a certain period, for example, a season, 

the group will be more numerous, and it is thus 

more probable that it will split off a greater number 

of daughter flocks. 

Until the 1960s, there was a strong position for 

a major role of group selection in evolution. This 

completely changed after the contributions of John 

Maynard Smith and George C. Williams (Maynard 

Smith, 1964; Williams, 1966) who demonstrated 

that, in most cases, individual selection is much 

stronger than group selection. Consequently, until 

the 1980s, biologists were mostly of the opinion 

that group selection is rarely an important factor in 

nature. However, new results of the analysis of 

theoretical models indicate that, under conditions 

where individual subpopulations regularly emerge 

and disappear in the framework of the population 

as a whole, group selection can be an important 
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factor and, within a certain range of population 

parameters, can even predominate over individual 

selection   (Alexander & Borgia, 1978; Shanahan, 

1998). It is highly probable that many phenetic 

traits, and especially many conspicuous behavioral 

patterns, originated through group, not the 

individual, selection (D. S. Wilson & Sober, 1994).  

 

Box 3 – Altruistic and malicious punishment 
revealed by the Dictatorship game 

A typical example of human altruistic behavior is 
the punishment of non-cooperative individuals in 
variants of the dictatorship game. In one variant 
of this experimental game (Kubena, Houdek, 
Lindova, Priplatova, & Flegr, 2014), a computer 
(or a researcher) randomly assembles 12 
anonymous players into pairs consisting of a 
“dictator” and a “slave”.  The dictator receives a 
certain amount of money, for example 20 CZK 
(about $1 US), and he or she can send any part of 
it to the slave. After that, the computer 
reassembles the players into new pairs and a new 
run of the game starts. Nobody plays more than 
once with the same co-player and nobody knows 
who is or was his co-player. In the role of a 
dictator, Czech students sent on average 6.11 CZK 
to their (unknown) slaves. However, the sum 
quickly decreased from 11 CZK to 3 CZK during six 
runs of the game.  

In the second variant of the game, the sums 
sent to all slaves were made public after each run 
and the players got the option to buy a right to 
punish any player. If a player paid, for example, 9 
CZK, 50% of the punished player’s gain in this 
particular run was subtracted. Note that the 
punishing was an act of pure altruism, as the prize 
was paid by an individual and the reward 
(correction of a selfish player) was obtained by all 
players. Regardless, players altruistically punished 
rather frequently and the possibility to punish had 
a strong effect on the generosity of the players in 
this variant of the game. The mean contribution 
in the first run of the game was similar to the 
standard variant of the dictatorship game (11.3 
CZK), but it did not decrease throughout the 
game. Instead, it increased to 12.4 CZK in the last 
run. Therefore, the tendency to altruistically 
punish selfish individuals increased the 

cooperativeness among players and was 
therefore advantageous for the group as a whole. 
Surprisingly, this experimental setup revealed 
also a sort of spite behavior – the Justine effect 
(Kubena et al., 2014). The probability of being 
punished decreased with an increasing amount of 
money sent by a dictator to his slave. However, 
this negative correlation turned positive for very 
generous dictators. The inflection point was near 
the border of the upper quartile. In other words, 
the most generous subjects had a rather high 
probability of being punished. These results 
suggest that overly self-sacrificing individuals are 
favorite subjects of antisocial punishment. They 
are targets for punishers significantly more often 
than individuals who contribute slightly above the 
median. In the last 10 years, many authors have 
confirmed the existence of antisocial punishers in 
different societies and have suggested various 
evolutionary explanations for this phenomenon 
(Herrmann, Thoni, & Gachter, 2008; Pleasant & 
Barclay, 2018; Sylwester, Herrmann, & Bryson, 
2013). One is that the antisocial punishing, 
resulting in the Justine effect, represents a sort of 
spite behavior – driven by the effort decrease of 
relative fitness of competitors.  
 
5.3.3. Interspecific selection 

Another type of selection that can, theoretically, 

be responsible for the origin of certain traits is 

interspecific selection, which results from the 

competition between different species. It can 

result in the elimination of a species that has lower 

efficiency of acquiring a common resource or 

which has a lower ability to sustain the activity of 

a common predator or parasite. The species with 

favorable combinations of phenetic traits can 

survive in the interspecies competition. However, 

conditions in different parts of the geographic 

areal of species usually vary. For example, in 

certain parts of the areal, the common parasite is 

absent. Similarly, in certain parts of the areal of 

the two competing species, the common limiting 

resource is so abundant that it stops limiting the 

reproduction of one or both species (and other 

resources, different for each species, could start to 

limit the growth of these two species). Therefore, 

different species could win the interspecific 
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competition in different parts of the areal. 

Moreover, under some conditions, both compet-

ing species, which have an identical niche, could 

coexist in the same place for a very long time 

(Flegr, 1994).  

The interspecific selection resulting in the 

interspecific competition is, in fact, a sort of 

stability-based sorting (see below) rather than a 

sort of selection – the less adapted species will go 

extinct earlier while better-adapted species will 

survive longer. They, however, do not necessarily 

transmit their “adaptations” to the daughter 

species (see below). The out- competing of the 

less adapted species is, in the evolutionary time 

scale, an extremely rapid process. Therefore, the 

species could hardly evolve complex adaptations 

by the process of interspecific selection. Because 

of this, not adaptations but preadaptations – the 

traits that have evolved in a context of other 

selection pressures, or spandrels – the traits that 

evolved without an involvement of any form of 

selection (see above) play the key role in the 

process of interspecific selection.  

 

5.3.4. Species selection 

Interspecific selection is sometimes confused with 

another process of a similar name, species 

selection. The criterion of success in species 

selection is neither direct fitness nor inclusive 

fitness, but resistance to extinction and the 

capacity for speciation (Lieberman & Vrba, 2005; 

E. S. Vrba, 1984). Therefore, the trait which 

increases the probability of speciation (e.g., loss 

of wings, as in some clades of insect) could result 

in the evolutionary success of the clade, 

regardless of the fact that the absence of wings 

might be maladaptive in most of the other forms 

of selection. Similarly, the clades with species that 

better resist extinction, e.g., benthic species 

forming many small, isolated populations, better 

prosper in the species selection than the clades 

with mostly planktonic species forming one large 

intermixed population (Emiliani, 1993). In the 

macroevolutionary time scale, the clades, i.e., the 

branches of the phylogenetic tree, containing 

extinction-proof species or species that are 

frequently subjects of splitting speciation thrive 

while the clades without such species succumb.  

Both extinction proneness and the tendency to 

speciate can be at least to some degree inherited 

by daughter species. Therefore, species selection 

is a type of selection, not a type of sorting. Species 

selection prevails over other forms of selection in 

the long-term perspective. However, it is 

ineffective in constructing complex adaptive 

traits. The origin of such traits requires many 

successive steps analogical to the accumulation of 

many independent mutations, while there is not 

enough time and probably also not enough 

individuals (here species or higher taxa) that are 

subject to species selection. For example, most 

phyla of multicellular animals originated 500-600 

million years ago (Gould, 1989). The duration of 

a typical metazoan species is several million 

years. Therefore, the number of “generations” 

available for the evolution of any trait through 

species selection is very small in comparison with 

the number of generations available for the 

evolution of a trait by individual selection. Still, 

some important traits, such as active flying (or 

active swimming) could originate or at least be 

promoted, by species selection.  

It is not clear whether any human traits 

evolved by species selection. However, the ten-

dency of Homo sapiens for splitting its population 

into many semi-isolated populations (nations), at 

least partly driven by rapid evolu-

tion/diversification of languages, could protect 

against extinctions by pandemics and could 

increase the chances of our species in species 

selection.  

 

5.3.5. Structures evolved by passive selection  

Passive natural selection (originally referred to by 

the already occupied term neutral evolution) does 

not lead to an increase in the functionality of a 

structure but does eliminate the consequences of 

evolutionary changes (mutations) that would 

otherwise lead to a decrease in its functionality 

(Stoltzfus, 1999). The mechanism of RNA editing 

in Trypanosoma could be an example of a system 

that evolved into the present-day complex form 

through passive natural selection. Trypanasomas 

belong in the class of kinetoplastida. Many 

species of this taxon share extraordinarily compli-

cated means of managing genetic information 

(Benne, 1992). There are a great many genes of 

their modified mitochondria that are stored in the 

DNA in a coded form and must be edited at the 

RNA level before being translated to the relevant 
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proteins. Based on the instructions contained in 

the guide RNA (gRNA), the enzymatic apparatus 

inserts the individual nucleotides into many sites 

on the immature messenger RNA (pre-mRNA) 

and removes others from the pre-mRNA.  In this 

process, many gRNAs specific for a particular 

gene and coded at various sites in the trypanosome 

genome gradually participate in a certain order in 

editing one mRNA. It is probable that the entire 

complicated and energetically demanding system 

does not have any functional importance for 

trypanosomes and that its formation was the result 

of passive selection. 

If a mutation occurs in the DNA, for example, 

deletion of one of the nucleotides, which reduces 

the biological fitness of its carrier, selection 

pressure begins to act on the mutant and its 

progeny. As a consequence, over time either 

revertants to the original form or mutants that are 

capable of compensating the negative 

manifestations of the mutation will predominate 

in the progeny of the mutant. One of the 

possibilities consists of the creation of an editing 

apparatus that is capable of repairing the change 

at the level of the mRNA. As soon as one such 

apparatus is formed, it can be modified and used 

to compensate for an increasingly broad range of 

mutations and its universal complexity will 

gradually increase. After a certain time, the 

editing process will become essential for its 

bearer. The means of additional repairing of 

mRNA is especially effective and thus highly 

probable for genes that are located in the cell in 

many identical copies, i.e., the genes of organelle 

DNA. 

As far as I know, no behavioral pattern in 

animals or humans has been described as the 

product of passive selection. However, this 

mechanism was described just recently, and it is a 

question whether such patterns (or structures) 

were ever seriously investigated. It might be 

speculated that modern medical care is (or, in the 

relatively near future will be) such a complex 

behavioral pattern. Due to medical care, including 

assisted reproduction techniques, semi-lethal 

alleles or alleles for sterility could accumulate in 

the gene pool of our species. The presence of such 

alleles might eventually make most humans 

dependent on the existence of such techniques and 

will then call for the development of more 

sophisticated techniques (which again speed up 

the accumulation of other detrimental alleles). 

Without the ability (and will) to correct the alleles 

in the germinal line of cell, this positive feedback 

could lead to a dead-end in the future.  

5.4. Traits formed by stability-based-sorting not 

selection 

A further source of problems is the existence of an 

evolutionary process related to selection: 

stability-based sorting (SBS) (Toman & Flegr, 

2017; S. Vrba & Gould, 1986). The role of SBS is 

often neglected. However, this process might be 

even more important than any form of selection. 

The main difference between selection and SBS is 

the central role of heredity in the process of 

selection and the absence of it in systems 

subjected solely to SBS. To become the subject of 

selection, the entities must vary in the trait, the 

carriers of different forms of the trait must differ 

in the probability of surviving and/or reproducing, 

and offspring must inherit the form of the trait 

carried by its parent(s). To become the subject of 

SBS, entities in a system need not exhibit any 

heritability or even a parent-offspring 

relationship. Only a small fraction of entities 

(organisms, genes, memes, etc.) are subject to the 

process of selection. On the other hand, all biotic 

and abiotic entities are continuously subject to the 

process of SBS. In this process, the entities which 

are not stable disappear – are destroyed or change 

into something else, while those which are stable 

remain. Therefore, in any system undergoing 

evolution, at all times, more and more sta-

ble/durable entities accumulate. In abiotic 

systems, we can observe, for example, the 

accumulation of stable elementary particles, 

stable chemical elements, or stable types of stars. 

In biotic systems, we can see a continuous 

increase of representation of traits that assure the 

long-term survival of the entities, e.g., 

developmental pathways, populations or species. 

Selection is a more effective and more rapid 

process than SBS as the selected entities 

accumulate (inherit) useful innovations in 

genealogical lines. In systems undergoing only 

SBS, evolution must wait for a rare event of co-

occurrence of useful (stability-ensuring) innova-

tions in the same entity.    

SBS has, however, two main advantages 

when compared to any form of selection. It has 
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always the final decisive word and it can 

(seemingly) see ahead – it can evolve the traits 

that will be adaptive from the viewpoint of future 

sustainability. Selection can result, for example, 

in the origin of such a sophisticated organ such as 

the human brain. This organ has enabled one 

species of apes to conquer the Earth and possibly 

also other parts of the solar system or the universe. 

However, the same brain has allowed the ape to 

construct hydrogen bombs that could destroy a 

large part of the Earth's biosphere, including its 

own species. Due to SBS, the winners of the 

evolutionary battle could be resilient undemand-

ing organisms without such “progressive” brains, 

e.g. tardigrades, and such organisms might prevail 

on the Earth and most planets in the universe.  

The second important advantage of SBS is 

that it often acts as if it could predict the require-

ments of the future environment. Selection is 

opportunistic, evolving the traits that are useful in 

the current situation even if the same trait could 

lead to the extinction of the population or even the 

species in the future. In contrast, SBS simulates 

predictive behavior – it promotes the accumula-

tion of traits and properties that objectively ensure 

the long-term stability of the evolving entities.  

For example, the ability of animals, e.g. birds, 

but possibly also humans, to slow down the rate 

of reproduction when some important resource is 

going to run out, might be useful for the popula-

tions or species in the long term. However, such a 

useful property cannot evolve by individual or 

group selection because of the universality of the 

‘tragedy of the commons’ principle (Hardin, 

1968). Lack of resources will make all members 

of a population suffer. However, the ‘altruistic’ 

individuals who ‘voluntarily’ decrease the rate of 

reproduction transfer fewer copies of their genes 

to the next generation than those individuals who 

continue reproducing at the maximum possible 

rate until resources (both for them and for the 

altruists) are depleted. Therefore, ’altruists’ 

vanish in a few generations, leaving only ‘selfish’ 

individuals.  

In contrast, SBS can promote the fixation of 

traits, sorts of safety catches, that ensure the 

reduction or stopping of reproduction before the 

resource is exhausted. For example, individuals in 

an overcrowded population might be stressed and 

therefore lose the ability to reproduce. From the 

viewpoint of individual selection, this property is 

maladaptive and its carriers are penalized by 

lower fitness. However, it is useful for the long-

term stability of the species. Traits that prevent its 

loss to individual selection should accumulate by 

SBS. All extant species, the winners of the SBS 

contest, should therefore carry such safe catches 

that protect them from famine and the resulting 

extinction of the population. Of cause, some 

mutants can inactivate their safe catch and the 

descendants of such mutants might prevail in the 

population or species due to individual selection. 

However, in the long term, the species with stable 

enough safe catches remain due to the action of 

SBS.   

 

5.5. Postadaptations, the adaptations that are not 

adaptive any more 

Some traits that came into the existence as 

adaptations in the past lose their adaptiveness in 

current changed conditions. It is clear that 

particular adaptations were built up by a selection 

to tackle specific demands of an environment. 

When the conditions change, the traits lose their 

potential to increase the fitness of their carriers. 

Therefore, whenever we search for the possible 

function of a trait, we must take into account not 

only the functions and importance of the trait 

under present conditions, but also under past 

conditions. In species whose environment or style 

of life changed dramatically, e.g. in humans, the 

function of a trait under past conditions can be 

more important than its function, or the absence 

of function, in present conditions.  

It is not easy to decide which conditions 

should be considered preferentially. For example, 

the style of life of a modern human has dramati-

cally changed even during the past 100 years, 

mostly because of our victory over nearly all 

infectious diseases and dramatic technological 

advances resulting in even more dramatic changes 

in our social environment. Therefore, many traits 

or behavioral patterns that were adaptive less than 

100 years ago have lost their adaptiveness in the 

modern world. Similarly, some traits that are 

adaptive now were not adaptive in the past and 

can be therefore considered as exaptations or 

spandrels.   

It is not clear what reference time-frame we 

should use when we think about what is and what 
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is not an adaptation. Definitively, the traits that 

started to be adaptive only recently, e.g., our 

ability to text on a cell phone or drive a car, cannot 

be biological adaptations as there was not enough 

time for the spreading of corresponding alleles in 

our genepool by selection. Some adaptive traits, 

however, could have already arisen by fixation of 

favorable alleles by selection after the origin of 

pastoralism (e.g., the allele for digestion of lactose 

that stays active in adulthood (Gerbault et al., 

2011)), probably other alleles later after the origin 

of agriculture, and others after the advent of an 

urban lifestyle. The latter resulted in the spreading 

of many alleles for resistance to infectious 

diseases. However, behavioral immunity is in 

some respects even more important than 

physiological immunity. We can therefore expect 

that some alleles for behavioral patterns useful in 

the protection of an individual or a population 

against infectious diseases, e.g., the alleles for 

social phobia, or xenophobia, or obsessive-

compulsive disorder, to spread in response to the 

transition to life in crowded urban populations. 

On the other hand, other alleles lost their selective 

advantage in the changing environment. 

Corresponding traits lost their adaptiveness and 

were either eliminated from the population or 

remained there as vestiges of their past functions 

– the postadaptions.   

 

BOX 4 Does Rh negativity spread in Europe 
because of the absence of toxoplasmosis? 

About 16% of Europeans have Rh-negative blood 
type, i.e., they are carriers of mutated alleles of 
the RHD gene with a large deletion (Wagner & 
Flegel, 2000). This polymorphism is an old 
evolutionary riddle as the carriers of a less 
numerous allele, namely Rh-negative women in 
predominantly Rh-positive populations and Rh-
positive men in predominantly Rh-negative 
populations, were systematically penalized by 
natural selection. Before the advent of modern 
prophylactic methods, Rh-positive children of Rh-
negative mothers often died due to hemolytic 
disease of newborns (Bowman, 1997; Filbey, 
Hanson, & Wesstrom, 1995). In such a situation, 
RHD polymorphism should be unstable and only 
one type of RHD gene should remain in a 
population. 

It has been theorized for a long time 
(Feldman, Nabholz, & Bodmer, 1969; Fisher, Race, 
& Taylor, 1944; Haldane, 1922), and recently also 
supported in several studies (Flegr, 2016; Flegr, 
Hoffmann, & Dammann, 2015; Flegr, Kuba, & 
Kopecký, 2020; Kaňková, Flegr, Toman, & Calda, 
2019), that RHD polymorphism is sustained in 
human populations by heterozygote advantage 
(Flegr, Toman, Hula, & Kankova, 2020). It was 
shown that heterozygotes express higher viability 
(i.e., better health) than both Rh-negative and Rh-
positive homozygotes. It turns out that the strong 
effect of Rh phenotype on physical and mental 
health was escaping the attention of researchers 
for about 90 years because Rh-positive 
homozygotes have even worse health than Rh-
negative homozygotes and widely used 
serological techniques of Rh assessment do not 
discriminate between Rh-positive homozygotes 
and heterozygotes (Flegr, Toman, et al., 2020). 

The frequency of Rh-negative individuals is 
highly variable across countries (Mourant, 1954). 
It is much higher in Europe and in people of 
European origin in other parts of the world (16%) 
than in Africa (5%) and Asia (1%). The high 
frequency of the allele for Rh-negativity, e.g. 
about 27% in Basks, was traditionally explained by 
founder effect and drift. Some results, however, 
suggest that the spreading of Rh-negative allele 
was driven by natural section.  
One possible cause is the variable prevalence of 
toxoplasmosis (Novotná et al., 2008). Definitive 
hosts of the parasite Toxoplasma gondii are 
representatives of feline species. Various species 
of large and (especially) small cats are numerous 
and abundant in most habitable parts of the 
world. One important exception was Europe 
before the rather recent introduction of domestic 
cats  (Torrey & Yolken, 1995). It is probable that 
2000 years ago, the prevalence of toxoplasmosis 
in European populations was low in comparison 
to other parts of the world. Currently, the 
prevalence of toxoplasmosis is about 30% in 
Europe and it is decreasing at a rate of about 1% 
per year in most countries, probably due to 
recently increased hygienic standards and 
changes in alimentary habits (cooking from 
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cooled or frozen meat) (Tenter, Heckeroth, & 
Weiss, 2000). 

Several studies have shown that Rh-positive 
subjects, especially heterozygotes, are protected 
against negative effects of latent toxoplasmosis. It 
has been shown, for example, that Toxoplasma-
free, Rh-negative subjects have the shortest 
reaction times in simple reaction times tests. 
However, the psychomotor performance of Rh-
negative subjects radically decreases when they 
are Toxoplasma infected, while the performance 
of Rh-positive subjects remains unchanged. 
Among Toxoplasma-infected subjects, those who 
are Rh-negative have the longest reaction times, 
while Rh-positive heterozygotes have the shortest 
reaction times (Flegr, Novotná, Lindová, & 
Havlíček, 2008; Novotná et al., 2008). In fact, the 
reaction times of Toxoplasma-positive heterozy-
gotes are even better than those of non-infected 
heterozygotes. Such positive effect of 
toxoplasmosis (together with more recent results 
showing the better health of Toxoplasma-
infected than Toxoplasma-free heterozygotes, 
Flegr 2020b) even suggests that our species is 
adapted to being Toxoplasma-infected – which 
was probably a natural status of our ancestors in 
Africa.   

 

5.5.1. What is the environment of evolutionary 

adaptedness of our species? 

It is widely discussed in cultural anthropology 

what ancestral environment has shaped our 

phenotype, including the mind. It is widely 

believed that for hundreds of thousands years, this 

environment was located in the African savannas 

where humans lived in small groups as hunters 

and gatherers (Heerwagen & Orians, 

1993). Therefore, the African savanna and mixed 

woodland habitats is considered to be the environ-

ment of our evolutionary adaptedness (Tooby & 

Cosmides, 1990) by most anthropologists, and the 

adaptedness of particular human traits is judged in 

this context.  

However, this opinion could be wrong for two 

reasons. First, the savanna might be the biotope in 

which human remnants have a higher chance to 

fossilize (especially in comparison with the 

African tropical forest), rather than the biotope in 

which our ancestors lived for the largest part of 

our species history (Roberts, Boivin, Lee-Thorp, 

Petraglia, & Stock, 2016). Second, sexually 

reproducing species can be expected to gather 

most of their adaptations in the environment in 

which they lived immediately after they 

originated by splitting from their ancestral species 

rather than in the environment in which they spent 

the largest part of their evolutionary history. 

According to several genetic theories, sexually 

reproducing species are evolutionarily plastic 

only for a short time (10-20 thousand years) after 

their origin by a specific type of speciation 

(usually peripatric speciation), later becoming 

macro-evolutionarily frozen and micro-

evolutionarily elastic. For the rest of their 

existence, they cannot effectively respond to 

selection pressures (see the Box 5). In this macro-

evolutionarily frozen state they could only 

passively wait for such changes of their 

environment that will cause their extinction, or for 

another speciation event that will turn the new 

species evolutionarily plastic, which allows them 

to adapt to the changed environment. Our closest 

relatives, chimpanzees and gorillas, live in tropi-

cal forests. It is therefore probable that our species 

originated in the tropical forest and we thus could 

be adapted to this biome. If this is true, then our 

adaptations for life in the savanna are in fact 

exaptations and we bear many postadaptations – 

traits that are not useful for the biotopes in which 

most of the present cultures live or lived until 

recently.        

 

BOX 5. What can be the mechanism of the 
punctuated evolution? 

In apparent contrast to the gradualistic view of 
modern evolutionary synthesis, Eldredge and 
Gould (Eldredge & Gould, 1972) argued that the 
typical mode of evolution of multicellular organ-
isms is punctuated. Short periods of rapid 
phenotypical (i.e., anagenetic) change, which are 
mostly untraceable in the paleontological record, 
are followed by long periods of evolutionary stasis 
in which the phenotype of a species remained 
stable. The stasis typically covers 98-99% of the 
time of the existence of a species.  

Several explanations for this punctuated 
nature of the evolution have been suggested in 
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the past 50 years, including four that suggested 
specific genetic mechanisms (for review see 
(Flegr, 2010)). Eldredge and Gould's original 
hypothesis was based on the E. Mayr theory of 
genetic revolution (Mayr, 1954, 1963) that could 
occur mainly due to a random shift of in genepool 
composition due to the sampling effect after 
splitting-off a small population during peripatric 
speciation. The funder-flush model (Carson, 
1968) is based on the idea of an expansion of the 
population in an open ecological niche, which 
relaxes all forms of selection and allows the 
survival of recombinants and mutants with 
suboptimal phenotypes (crossing valleys in the 
adaptive landscape). The genetic transilience 
model (Templeton, 2008) explains the rise in the 
responsiveness to selection mainly by increasing 
the amount of selectable genetic variability due to 
the transformation of nonadditive (and therefore 
nonselectable) genetic variability to additive 
genetic variability in the arising species. The 
theory of frozen plasticity (Flegr, 1998, 2010, 
2013) suggests that evolvability transiently rises 
when the alleles with frequency-dependent ef-
fects on fitness (that normally keeps a sexually 
reproducing species micro-evolutionarily elastic 
and therefore macro-evolutionarily frozen) are 
eliminated by the sampling effect and genetic 
drift in small split-off populations during peripa-
tric speciation. All four of these theories explain 
the punctuated pattern of macroevolution, but 
they differ in the explicative potential regarding 
other evolutionary and ecological phenomena. 
They can also explain why most species are 
obsolete. Residing in an evolutionary stasis for 
most of their existence, sexual species are usually 
adapted to the past conditions in the time of their 
last significant anagenetic change rather than the 
current conditions.  

 

5.5.2. Rudiments and atavisms 

A species may bear not only the adaptations that 

are or were once useful for it, but also traits that 

were useful for their ancestral species. These traits 

(morphological, physiological, or even behav-

ioral) could be divided into rudiments and ata-

visms. Rudiments are present in some form in all 

individuals of the species (e.g., the appendix of 

humans) while atavisms are present only in a 

fraction, sometimes a very small fraction, of them, 

namely in the individuals with special and often 

rare combinations of alleles (e.g., tail in humans). 

The rudiments and atavisms could be adaptive, 

i.e., could fulfill their biological functions, in the 

immediate ancestor of the species as well as in 

some distant ancestor. Again, when we search for 

the biological function of a trait, including a 

behavioral pattern, we should always keep in 

mind that the trait could be a rudiment or atavism 

and could have no biological function in the 

species under study. 

5.6. Summary 

Not all traits that seem like adaptations and have 

a biological function are adaptations in their 

narrow sense. Some can be classified as 

exaptations – the traits that evolved to serve 

another function than that they serve now. Some 

could be spandrels – the structures that come into 

existence because of the inherent laws of physics, 

chemistry, or geometry. Some biological adapta-

tions come into existence by other processes than 

Darwinian selection – for example, by stability-

based sorting or species selection. Some adapta-

tions serve good not to an individual but allele, 

family, group of unrelated organisms, own 

species, or even foreign species. On the other 

hand, some traits that are not adaptive under 

current conditions were adaptive in the past 

evolutionary history of a species, sometimes even 

in time of its evolutionary plasticity hundreds of 

thousand years ago.  
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