I BIOLOGICAL EVOLUTION

I.1
Some systems accumulate changes in time, they are subject to evolution.


I.2
Living systems are the subject and object of a specific type of evolution, the biological evolution.  

I.3
Complexity is one of the most evident characteristics of living organisms, yet its emergence does not seem to be a specific manifestation of biological evolution.  


I.3.1 In the course of evolution, complex structures emerge through active or passive natural selection, self-organization or sorting by stability.  


I.4
Organisms share the evident characteristic of internal organization.


I.4.1 Systems become organized as a result of self-organization, natural selection and sorting by stability.

I.4.2 Many complex structures that have developed in organisms without the involvement of natural selection can only later assume a function important for the organism’s survival, they may secondarily become adaptive.

I.5 Also typical for organisms is their mutual diversity, as is high biodiversity for the biosphere as a whole.   

I.6 Biological evolution typically produces useful properties.


I.6.1 Useful must not be mistaken with goal-oriented.  


I.6.2 Goldenrod is yellow to attract pollinators, not because it contains yellow pigments.

I.7 Living systems develop useful properties under the influence of natural selection.


I.7.1 Preadaptations are biological structures or patterns of behaviour that had developed in a different selection context than the one in which they became an advantage.


I.8 Natural selection is based on unequal transfer of alleles from individuals to the genetic pool of the next generations.   


I.9 Only sufficiently complex systems containing competing elements capable of reproduction, variability and inheritance can become the object of biological evolution.   

I.9.1 Natural selection can only work in systems containing elements that reproduce.  

I.9.2 Natural selection requires that systems contain elements showing variability, ability to produce variants.

I.9.3 Natural selection is only effective if variability is hereditary.   


I.9.4 Natural selection can only affect systems that compete against each other in some way.  


I.9.5 Biological evolution by means of natural selection can only occur in adequately complex systems.  


I.10 The set of characteristics affecting an individual’s chance to transfer his genes to the genetic pool of the next generations is called biological fitness.


I.10.1 Natural selection and biological fitness are not circle-defined.  


I.10.2 It is convenient in some cases to differentiate between inclusive and exclusive fitness.  


I.11 Biological evolution has most attributes of a random process. 


I.12 Evolution is opportunistic and cannot plan ahead.  


I.13 Evolution does not optimize, it improves, it only comes up with local, not global, optima.


I.14 The direction and general course of biological evolution can be significantly affected by the presence of evolutionary constraints.  

I.14.1 Evolutionary constraints can largely determine the direction of evolutionary processes.  


II HEREDITY


II.1 In contemporary organisms genetic information is carried by nucleic acid.


II.2 Genetic information contained in the DNA is interpreted by the cell’s molecular apparatus.  


II.3 Gene is the basic unit of genetic information.  


II.3.1 Current understanding of the gene as a cistron is practical for the needs of molecular biology but shows certain shortcomings in the study of evolutionary processes.   


II.4 The same trait can be conditioned by different genes and the same gene can affect the occurrence and form of many traits.   

II.4.1.Dominant and recessive relationship are the best known form of interaction between alleles.


II.4.1.1 The dominance of particular alleles can be subject to evolution.  


II.4.2 The study of relationship between genes and the traits they encode is crucially complicated by interactions of genes in different loci.  


II.5 The way genes are transferred from generation to generation is described by Mendel’s genetic laws.  

II.5.1 Mendel’s laws apply in a slightly modified form to the transfer of genes on sex chromosomes.  

II.5.2 Cytoplasmic heredity is mainly the responsibility of genes in the genomes of cell organelles of endosymbiotic origin.  

II.6 A so called gene linkage exists between genes on the same chromosome.  


II.6.1 If genes are located on different chromosomes, a balanced representation of the various genotypes, i.e. the Hardy-Weinberg equilibrium, is established in one generation in a panmictic population.


II.6.2 If there is gene linkage between the studied loci, balanced representation of the various genotypes will be established gradually.  


II.6.3 Genes involved in the creation of the same trait can concentrate in one locus of the chromosome as a result of natural selection, thus creating the so called supergene.  


II.6.3.1 The presence of supergenes can slow down evolutionary response of the population to directional selection.  

II.6.4 The presence of gene linkage can be manifested by the population’s reversal to original phenotype values after artificial selection is suspended.  


II.6.5 The effect of stabilizing selection on a quantitative trait will in time result in an arrangement of alleles on the chromosome in which alleles responsible for augmentation of the trait alternate regularly with alleles responsible for its reduction.


II.7 Trait heritability describes the share of its genetically conditioned variability in the total, that is also environmentally conditioned, trait variability.


II.7.1 Trait heritability can be estimated by establishing the level of correlation between the characteristics of parents and their offspring or by observing phenotype response to selection pressure.  


II.8 A significant part of information determining cell characteristics, and indirectly also the characteristics of multi-cell organisms, is present in the form of epigenetic information.  


II.8.1 Epigenetic information plays a major role in multicellular organism body formation.  


II.8.2 In a number of organisms, mechanisms of epigenetic heredity are also involved in the transfer of phenotype plasticity traits from one generation to another.


II.8.3 Dissimilar epigenetic modifications of genes in microgametes and macrogametes, i.e. genomic imprinting, allow genes coming from the father and from the mother play different roles in the ontogenesis of an individual.


III MUTATION

III.1 Mutations are the source of evolutionary novelties at the level of species.  


III.2 It is practical to divide changes in the DNA into mutations and damage.  


III.3 Mutationism was considered an alternative to Darwinism.  


III.4 Mutationism cannot explain development of adaptive traits.  


III.5 There are point, string, chromosomal and genomic mutations according to their physical principle.  


III.5.1 Point mutations are divided into transitions, transversions, deletions and insertions.  


III.5.2 In protein-encoding sections we speak of synonymous, missense and nonsense mutations.  


III.5.3 At the DNA chain level we distinguish deletions, insertions, duplications, translocations and inversions.  

III.5.3.1 Inversions can contribute to the creation of an effective reproduction barrier.  


III.5.3.2 Extensive translocations can manifest themselves as chromosomal mutations and can change the individual’s karyotype.  


III.5.4 Cell division disorders can give rise to genomic mutations, i.e. mutations at chromosome or chromosomal set level.


III.5.4.1 Polyploidisation facilitates speciation by hybridization.


III.6 Mutations can be divided into positive, negative and selectively neutral in terms of their impact on the  biological fitness of organisms.  


III.7 With respect to their cause, mutations are spontaneous or induced.  


III.8 Evolution seems to have optimized the frequency of spontaneous mutations.  


III.8.1 Organisms can regulate the frequency of mutations as well as their impact on the phenotype of the organism according to the immediate environmental conditions.   

III.9 Mutations are more frequent in male genomes.  


III.10 Places where mutations occur are distributed unevenly along the DNA chain.  


III.11 Fluctuation tests demonstrate that mutations occur randomly, they are not goal-directed.  


III.11.1 Some fluctuation tests demonstrate that mutations may occur even in a non-growing culture.  

III.12 Some organisms have mechanisms facilitating goal-directed mutation in particular situations.  

III.13 Capability of goal-directed mutation alone would not suffice for Lamarckian evolution.

III.13.1 The first obstacle to Lamarckian evolution is the absence of reverse flow of genetic information from proteins to DNA.  


III.13.2 The second obstacle to Lamarckian evolution is the Weismann’s barrier between the germinal and somatic lines.  


III.13.2.1 Weismann’s barrier can be disrupted by retroviruses.


III.13.3 The third obstacle to Lamarckian evolution consists in the fact that genetic information is not a map, a description of structure, but a set of instructions (for ontogenesis).


III.14 In addition to micromutations there are also macromutations, but their importance in evolution should not be overestimated.  


III.15 Lysenkian switches from one species to another most probably do not exist and certainly do not play any major role in evolution.  


IV NATURAL SELECTION

IV.1 Natural selection comprises at least environmental selection and sexual selection.


IV.2 All types of selection can exist in two basic forms – soft and hard.  


IV.2.1 Haldane’s dilemma only applies to hard selection.


IV.3 Two types of selection were inferred from field observations – selection for rapid growth (r-selection) and selection for more competitiveness (K-selection).


IV.4.1 The existence of two distinct r- and K-strategies may be related to the existence of two types of negative feedback regulating the size of population.   


IV.4.2 Random selection is also a selection and selects for rapidly multiplying individuals.  


IV.5 If the fitness of bearers of a certain allele depends on their incidence in population, we speak of frequency-dependent selection.   


IV.5.1 Issues concerning the evolution of more complex systems of interconnected traits in which selection values of individual traits depend on the frequency of other traits are addressed by the theory of evolutionary stable strategies.  


IV.5.1.1 Evolution ultimately fixes those traits, characteristics or patterns of behaviour that represent evolutionary stable strategies, not those which make their bearer most biologically fit.  


IV.6 Population genetics often studies the effects of selection on models of panmictic population with unlimited growth, exposed to hard frequency-independent selection.


IV.6.1 Population genetics models make it possible to calculate the progress of changes in the frequency of a dominant, recessive or overdominant allele.  


IV.6.2 Stabilizing, disruptive and directional selection determine the direction in which a quantitative trait evolves.


IV.6.2.1 Stabilizing selection cleanses the population of individuals with extreme values of a trait.  

IV.6.2.2 Disruptive selection cleanses the population of individuals with average values of a trait.  

IV.6.2.3 Directional selection cleanses the population of individuals with values of a trait on any end of the distribution curve.  

IV.7 Intraspecific, interspecific and species selection are completely distinct processes which do not compare in terms of importance.


IV.7.1 Absence of interspecific competition must not be mistaken with the absence of intraspecific competition.

IV.8 Depending on the level at which it operates, selection can be divided into individual, group, kin, interspecific or intercommunity selection.  


IV.8.1 An individual is the object and the basic unit of selection.  


IV.8.2 Group selection involves competing populations.  


IV.8.2.1 Pseudoaltruistic behaviour of individuals of the same biological clone is not a product of group selection.  

IV.8.3 Kin selection must not be mistaken with group selection.  


IV.8.4 In species selection, species compete with each other in who will split more daughter species and who is less likely to suffer extinction.  


IV.8.5 Even whole plant and animal communities can compete, however, it is doubtful that these communities could function as subjects of biological evolution.  


IV.8.5.1 Gaia, the Earth’s biosphere, cannot experience biological evolution, it cannot therefore be considered a living organism.   


IV.9 The effectiveness of individual selection is limited in a crucial way in sexually reproducing organisms, since the individual’s genotype (and hence the phenotype) is not inherited from generation to generation. 

IV.9.1 Competition between different alleles of the same locus  is at the centre of the selfish gene theory.  


IV.9.1.1 The development of social insects in Hymenoptera could be  related to their haplodiploid system of genetic sex determination.


IV.9.2 The theory of frozen plasticity assumes that species of sexually reproducing organisms only show evolutionary plasticity immediately after emergence, before genetic polymorphism builds up in their genetic pool.  


IV.9.2.1 Frozen plasticity may also play an important role in some processes at intraspecific level.
 

V GENETIC DRIFT

V.1 Changes in the frequency of alleles in the genetic pool can be produced by random processes, by genetic drift.


V.2 In populations of finite size genetic drift leads to fixation of some alleles.  


V.2.1 After a large population splits into a number of smaller ones, the number of homozygotes increases.


V.2.2 With the reduction in population size, an important component of genetic polymorphism is lost.

V.2.2.1 In terms of decrease in polymorphism, a long-term moderate reduction in population size is more significant than a more radical but short-term one, i.e. than the bottleneck effect.    


V.2.3 The influence of genetic drift can be very efficiently limited by migration.  


V.3 The likelihood of an allele becoming fixed by drift is determined by its original frequency in population.

V.3.1 The likelihood of a new mutation becoming fixed is determined essentially by chance.  


V.3.2 The average time required to fix a mutation by genetic drift is directly proportionate to the effective population size.  

V.3.2.1 Effective population size  depends, for example, on the share of males and females in the population, on population size fluctuation in time, and on other factors.


V.3.3 The frequency of neutral mutation fixations in time does not depend on population size since it is inversely proportionate to the average time of mutation fixation and at the same time directly proportionate to the total number of newly emerging mutations in the population.  

V.4 In small populations the fate of any mutation is more likely to be decided by genetic drift than by selection.  

V.5 Slightly negative (slightly harmful) mutations form an important category of mutations.


V.6 Neutral evolution theory is of key importance for the methodology to study one of the two components of biological evolution, i.e. cladogenesis.


VI EVOLUTIONARY DRIVES

VI.1 The types of mutations occurring in an organism are largely determined by mutation drive and reparation drive.  


VI.1.1 Mutation drive and reparation drive are two closely related and interconnected processes, yet it is useful to differentiate between them in certain contexts.  


VI.1.1.1 Mutation and reparation drive can be responsible for the emergence of isochores in genomes of warm blooded organisms.

VI.1.2 Different frequency of deletions and insertions in different organisms can explain the lack of correlation between the complexity of an organism and the size of its haploid genome.  


VI.1.3 The existence of mutation drive and reparation drive causes the same mutation occur independently and repeatedly in different types of organisms, complicating the use of molecular traits in phylogenetic studies.

VI.2 Molecular drive is the consequence of stochastic and deterministic processes responsible for the development and spread of repetitive DNA variants in the genome and in the population’s genetic pool.

VI.2.1 Molecular drive produces systematic shifts in the frequency of even those alleles that are not manifested in any way in the individual’s phenotype and evolutionary fitness.   


VI.2.1.1 Selfish DNA is the term used for those DNA sections that proliferate in the genetic pool precisely by virtue of molecular drive.  


VI.2.1.1.1 The term selfish DNA must not be mistaken with the terms selfish gene or ultraselfish gene.  


VI.2.2 Molecular drive mechanisms include gene conversion, transposition, uneven cross-over and nucleotide chain slippage.  


VI.2.2.1 In gene conversion, one allele changes into another allele.  


VI.2.2.2 In transposition, a section of DNA is transferred to a different place in the genome.  


VI.2.2.3 Uneven crossing-over can often result in multiplication of particular DNA sequences.  

VI.2.2.4 Multiplication can also be the product of nucleotide chain slippage mechanism.  

VI.2.3 Molecular drive effects are most obvious in the evolution of repetitive sequences in related species.

VI.2.4 Molecular drive-induced changes in genome can affect many individuals in the population simultaneously.  

VI.2.5 Molecular drive may have played a far greater role in the beginnings of biological evolution than today.

VI.3 Meiotic drive is responsible for differential transfer of alleles into gametes and thus into next generations via differential transfer of the relevant chromosomes.  

VI.3.1 Alleles are very often able to influence whether they will end up in the egg or in the polar body during female gamete development.  


VI.3.2 Alleles of some genes can damage the chromosome carrying the alternative allele and thus win in the process of intraindividual intergametic competition.  


VI.3.3 Sex chromosomes often become the object of meiotic drive.  


VI.3.4 B-chromosomes are very often able to increase the likelihood of ending up in the gametes.  


VI.3.5 Pronounced meiotic drive can occur in heterozygotes with one copy of the metacentric chromosome originating from Robertson’s translocation of two acrocentric chromosomes.


VI.3.5.1 Meiotic drive can contribute to karyotype speciation.


VI.3.6 Crossing-over may have evolved as a defence against meiotic drive.  


VI.3.7 Meiotic drive at work in the competition of sperms from the same male creates selection pressure for the emergence of polygamous reproduction systems.  


VII GENE FLOW

VII.1 A large majority of species create a large number of more or less genetically isolated populations within their range.

VII.1.1 Exchange of migrants between individual populations establishes gene flow.

VII.1.2 Many species invest what may seem a disproportionately large part of their reproduction capacity into producing migrants.   

VII.1.3 Producing dormant stages facilitates gene flow in time.

VII.1.4 Limited gene flow can also occur between different species.  

VII.2 The presence and the nature of population structures is critical for the nature, speed and often also the direction of microevolutionary processes under way within the species.  

VII.2.1 Gene flow may be the most important source of evolutionary novelties within a population. 

VII.2.2 Gene flow helps maintain genetic polymorphism of a population.  

VII.2.3 Emergence and disappearance of local populations within metapopulation may contribute to both higher and lower genetic polymorphism of the population.  

VII.2.4 Gene flow reduces differences in the frequency of alleles between populations. 

VII.2.4.1 Even a very low-intensity gene flow can prevent population diversification by genetic drift.  

VII.2.4.2 A substantially stronger gene flow is required to prevent genetic pool divergence due to selection.

VII.2.5 Gene flow limits the population’s ability to adapt optimally to local conditions.

VII.2.5.1 Gene flow may spatially limit the range of the species. 

VII.3 The shifting balance theory highlights the fact that adaptive evolution will more easily occur in a structured population with suitable intensity gene flow than in a non-structured one.  

VIII POLYMORPHISM

VIII.1 The detection and study of monomorphic genes only became possible with modern molecular genetic methods.

VIII.2 Almost all genes are present in many variants in the population, yet most differences between the variants are the work of neutral mutations.   


VIII.3 There are two basic types of polymorphism, type I and type II polymorphism.


VIII.4 Type II polymorphism can only be maintained in the population by specific mechanisms.

VIII.4.1 Stable persistence of recessive harmful alleles with a considerably high frequency in a population can be the consequence of relatively low mutation pressure.  
 

VIII.4.2 Selection for heterozygotes, due to overdominance for example, can permanently maintain polymorphism in the population.   

VIII.4.2.1 It is the selection for heterozygotes that maintains a high frequency of sickle cell anemia gene in some human populations.


VIII.4.3 Polymorphism can be maintained by frequency-dependent selection if the selection value of an allele is inversely correlated to its frequency.  


VIII.4.3.1 Polymorphism of MHC-antigens seems to be maintained by frequency-dependent selection, not by selection for heterozygotes.  

VIII.4.4 Cyclic selection, alternation of opposed selection pressures, can significantly contribute to maintaining polymorphism.   


VIII.4.5 A large part of polymorphism in a population seems to be maintained as a result of various epistatic interactions.  
  

VIII.5 Polymorphism can enhance efficient use of available resources while changing at the same time the evolutionary potential of a population.   
 

IX DNA SEQUENCE EVOLUTION


IX.1 At DNA level, selectively neutral mutations seem to represent a large part of evolutionary changes.


IX.2 The frequency of neutral mutation fixations, i.e. the substitution speed of neutral mutations, does not depend on population size, yet the share of selectively neutral mutations in total mutations, and thus also the overall substitution speed, is higher in small populations.  


IX.3 Substitution speeds for neutral mutations tend to be considerably higher than substitution speeds for selectively significant mutations; nevertheless, in genes exposed to intensive positive selection, fixation of selectively significant mutations can prevail. 

IX.4 Accumulation of neutral mutations in phylogenesis can serve as a molecular clock, allowing the biologists to date phylogenetic events.  


IX.4.1 When using the molecular clock in phylogenetics, it is necessary to bear in mind that it ticks at a different speed for individual genes, individual taxons and even for the same gene and the same taxon in time.    


IX.4.2 Different genes in the same organism develop at different speeds, even if the analysis only comprises selectively neutral traits.   


IX.4.3 Substitution speed and the ratio of synonymous and non-synonymous mutations for different genes can change irregularly during evolution.


IX.4.3.1 Step changes in substitution speed can be related to a change in the gene’s function or to a change in the number of its copies in the genome.  


IX.4.4 Molecular clock also ticks at different speeds for different types of organisms and different taxons.  

IX.4.4.1 The length of the generation period affects substitution speed for neutral mutations, while selectively significant mutations become fixed at a speed which is considerably independent of the generation period of the studied species.


IX.4.4.2 Substitution speed correlates with both the size of animals and the speed of their metabolism.  

IX.4.5 Excessively wide confidence intervals in the dating of cladogenetic events are the major drawback of the molecular clock.  


IX.4.6 Difficulties with calibration of the molecular clock pose another serious problem for its use.


IX.5 There is a great amount of selectively neutral genetic polymorphism at molecular level in natural populations.   

IX.5.1 The amount of polymorphism in DNA sequences should be inversely proportionate to the effective population size.  


IX.5.2 By virtue of genetic drift, polymorphism in DNA sequences is directly proportionate to the intensity of genetic recombination in the corresponding part of genome.    


IX.5.3 Part of molecular polymorphism in populations is maintained thanks to selection for heterozygotes and frequency-dependent selection.   


IX.5.4 Different mechanisms can maintain genetic polymorphism within one species and give rise to interspecific genetic diversity.


X ORIGIN OF LIFE


X.1 The emergence of living systems from non-living systems is studied by protobiology.  


X.2 Contemporary organisms are built on a common principle of organization.  


X.3 There are four basic options of how the current general principle of organization emerged.  

X.3.1 It could have started with systems containing proteins, not nucleic acids.  


X.3.1.1 Coacervates may show growth and metabolism, however, these are no more than an analogy of the corresponding biological processes. 

X.3.1.2 Microspheres show enzymatic activity but not reproduction and heredity, hence they cannot become the subject of biological evolution.  


X.3.1.3 Hypercycle models allow to test whether spatially defined structures must emerge for the biological evolution to operate.  


X.3.2 It could have started with systems containing nucleic acids, not proteins.  


X.3.2.1 Ribozymes and coenzymes can be the relics of a time of “life without proteins”, a time when nucleic acids performed all biological, including catalytic, functions.    


X.3.3 It could have started with the genetic code (and co-evolution of the protein-nucleic acid system).  

X.3.3.1 Current genetic code could have emerged as a consequence of a unique highly improbable random event.

X.3.3.2 Could genetic code be the work of a thinking being?  


X.3.3.3 There is evidence suggesting progressive development of the genetic code.


X.3.3.3.1 Amino acids synthesized via common biochemical paths are usually encoded by similar nucleotide triplets.  

X.3.3.3.2 Some physicochemical properties of amino acids correlate with the properties of triplets that encode them.  

X.3.3.3.3 The fact that similar amino acids are encoded by similar triplets can be an adaptation against drastic changes in the structure of proteins being caused by mutations or errors in transcription and translation.

X.3.3.3.4 The existence of modified variants of genetic code in some organisms is a direct proof of its capability of evolution.  

X.3.4 Organisms may have originally been built on an entirely different principle of organization.  


XI GENE EVOLUTION


XI.1 All genes come from genes.


XI.2 New genes come from extra copies of genes or from expendable old genes.  


XI.3 Extra copies of genes usually originate from gene or genome duplication.


XI.4 Diploid organisms contain at least two copies of each gene, yet the mechanism of creation of a new gene from one of the copies is rather complex.  


XI.5 New genes can originate from interspecific (horizontal) gene transmission.  


XI.6 Many genes show internal periodicity due to the presence of multiple tandem repetitions of short sequence motifs.


XI.6.1 Internal periodicity could be the reflection of an original nucleic acid replication mechanism prior to the emergence of the genetic code.  


XI.6.2 Sequences of repetitive motifs reflect some characteristics of the genetic code, they are likely to have developed only after the current proteosynthetic apparatus had been established.  


XI.6.2.1 Internal periodicity can be a defence against frequent occurrence of termination codons.

XI.6.2.2 Internal periodicity allows for the creation of new genes by reading-frame shift.


XI.6.2.3 The fact that the number of nucleotides in a repetitive motif cannot usually be divided by three facilitates protein structure reconstruction after frame-shift mutation.


XI.6.2.4 The sequence of some motifs prevents random start of DNA transcription outside the gene area.  


XI.6.2.5 Uneven use of synonymous codons for a particular amino acid may be a consequence of internal periodicity.  


XI.6.3 Internal gene periodicity may be a by-product of molecular drive.


XI.7 Genes consist of exon and intron areas.


XI.7.1 The absence of introns in the genes of prokaryotes does not imply anything with respect to the evolutionary age of these structures.  


XI.7.2 The most plausible hypotheses on the origin of introns assume that introns were inserted into originally continuous genes only later on.


XI.7.2.1 Introns can be genomic parasites of the transposon or viral type.  


XI.7.2.2 The presence of introns in the genes can enhance the organism’s evolutionary potential.  


XI.7.2.3 The presence of introns can be related to the existence of histons in eukaryotic cell.


XI.7.2.4 Introns could facilitate detection or even reparation of mutations in exons.  


XI.7.2.5 The presence of introns can reduce the risk of illegitimate recombination.  


XI.7.3 Internal gene periodicity exceeding the borders between introns and exons could largely suggest simultaneous evolutionary emergence of both contemporary gene components.  


XII ONTOGENESIS AND LIFECYCLE EVOLUTION


XII.1 Cell cycle is the result of inevitable alternation of the phase with nonreplicated DNA, when cell division is prohibited, and the phase with replicated DNA, when cell division is permitted.    


XII.1.1 Cells in haploid and diploid phase of their reproductive cycle differ in terms of function; there may be a link to the differences in the role of haploid and diploid phase in the lifecycle of a given species.   


XII.2 Diploid genome status can be restored not only by DNA replication but also by the fusion of two haploid cells.  
 

XII.3 Restoring diploid status through the fusion of two haploid cells, associated today mostly with the process of sexual reproduction, allows to repair DNA damage and some types of mutations.  
   

XII.4 Amphimixis created the conditions for the proliferation of ultraselfish genes and caused the transition from Darwinian to Dawkinsonian evolution.
   

XII.4.1 The transition from Darwinian to Dawkinsonian evolution had a major impact on the course of evolutionary processes.
 

XII.4.2 Contemporary forms of reductive division, i.e. creation of a haploid cell from a diploid one, may have developed as a defence against selfish sisterkiller genes.  


XII.4.3 The transition from (inter)individual to interallelic selection may have been the basic prerequisite for the emergence of multicellular organisms with functionally differentiated tissues including germinal and somatic cell lines.   


XII.5 Multicellular organisms can overcome certain evolutionary constraints imposed on single-cell organisms, they can for example grow substantially bigger and can also have an incomparably more complex constitution.  

XII.6 Multicellular organisms show a complex lifecycle, typically including single-cell phase, the phase of growth and differentiation of the multi-cell organism, and sexual maturity phase. 


XII.6.1 Single-cell phase in the lifecycle of a multicellular organism is the most important factor limiting the incidence of intraindividual competition and cell line selection.  


XII.6.1.1 Early differentiation and spatial segregation of the future germinal cell line during embryogenesis limits the potential occurrence of intraindividual cell line competition.  


XII.6.1.2 Cell division into germinal and somatic line may not be that strict in organisms with rigid cell walls, in which neither cells nor cell nuclei can travel in the individual’s body.  


XII.6.1.2.1 The absence of Weismann’s barrier and the feasibility of intraindividual selection in plants subjects them to a certain type of Lamarckian microevolution.  


XII.6.2 Organism reproduction via single-cell stages makes the existence of organisms with a very complex and highly integrated bodily structure possible.   
 

XII.6.3 Organisms with a very complex and highly integrated structure must by rule be subject to ageing and death.  

XII.6.3.1 In most multi-cell organisms, ageing is an active process and part of individual development, and its onset and progress are the result of natural selection and biological evolution.  


XII.6.3.1.1 Interspecific competition theory assumes that ageing and death of old individuals enables the populations to adapt to changing conditions.  


XII.6.3.1.2 The selection shadow theory sees the cause of ageing in the relatively lower effectiveness of selection in eliminating mutations that reduce the viability of older individuals.  


XII.6.3.1.4 The antagonistic pleiotropy theory sees the cause of ageing in evolutionary fixation of alleles that enhance the viability of young individuals while reducing the viability of old individuals.   


XII.7 Epigenetic processes play a significant role in the individual development of a multicellular organism.


XII.7.1 Some epigenetic processes create highly organized structures through intraindividual selection and ongoing testing for functionality of the emerging systems.  


XII.7.2 Epigenetic processes are a natural source of genetic and environmental canalization.  

XII.7.3 Involvement of epigenetic processes in ontogenesis results in earlier stages of development, evolution-wise, to be repeated or, on the contrary, in some cases skipped during ontogenesis, as well as in the persistence of some rudimental organs in adults.


XII.7.3.1 The embryogenetic stage in which the members of the same animal phylum resemble each other most is called the phylotypic stage, earlier and later stages in various species of the same phylum can differ substantially.   

XII.7.4 Organisms whose individual development is based on epigenetic processes have bigger evolutionary potential than organisms whose constitution is purely genetically-determined.  


XII.8 Neoteny and other types of heterochronies can play a crucial role in the anagenesis of animals with complex development.  


XII.9 Involvement of epigenetic processes in ontogenesis plays an important role in the emergence of morphologically and ecologically distinct stages in the lifecycle of organisms.  


XII.10 The existence of morphologically, functionally and ecologically distinct stages in the lifecycle of organisms also leads to the rise and development of diverse life strategies in different species.

XII.10.1 Life strategies can favour investment in growth over investment in reproduction, growth speed over growth efficiency or efficiency over “initial investment” minimization.  


XII.10.1.1 Investment in vegetative organs can take the form of investment in individual growth as well as investment in asexual reproduction.


XII.10.2 In the course of evolution, developmental plasticity mechanisms, i.e. mechanisms facilitating adaptation of an individual’s phenotype to local environmental conditions, have appeared in a number of species.  

XII.10.2.1 Developmental plasticity can benefit the species or population even if it does not lead to useful adaptation to external conditions but merely generates genetically unconditioned individual phenotype variability in the population.  


XII.10.2.2 Species with a high degree of developmental plasticity can have a lower evolutionary potential as a result of their reduced ability to experience environmental selection pressures.


XIII EVOLUTION OF SEXUAL REPRODUCTION


XIII.1 Sexual reproduction is clearly predominant in contemporary eukaryotic organisms.

XIII.2 Sexual reproduction comes with a number of drawbacks and risks. 


XIII.2.1 Maintaining an apparatus for sexual reproduction is a costly matter in terms of evolution.


XIII.2.2 A population of asexually reproducing individuals or hermaphrodites could multiply twice as fast as a population of gonochorists.


XIII.2.3 Parthenogenetic females transfer twice as many of their genes to their offspring.

XIII.2.4 Tried and tested gene combinations disintegrate in sexual reproduction.


XIII.2.5 Searching for a mate is an energy or time-intensive and often rather risky matter for many organisms.

XIII.2.6 Sexual reproduction exposes organisms to the risk of parasitism.


XIII.2.7 Populations of sexually reproducing individuals die out if their density drops below a certain level.

XIII.3 There are four basic types of hypotheses explaining the rise and persistence of sexual reproduction.

XIII.3.1 Many hypotheses view sexual reproduction as a mechanism enhancing evolutionary potential of the species.


XIII.3.1.1 The hypothesis viewing sexual reproduction as a source of evolutionary variability of the species has become obsolete in its original sense.


XIII.3.1.1.1 The mills of God model highlights the fact that by virtue of its higher microevolutionary plasticity a sexually reproducing species can in the medium-term squeeze out an asexually reproducing species which takes longer to change.


XIII.3.1.2 Sexual reproduction helps maintain polymorphism in population.  


XIII.3.1.2.1 The tangled bank model assumes that polymorphism in offspring broadens the ecological valence and thus provides an edge over asexually reproducing individuals. 


XIII.3.1.2.2 The Sisyphean genotypes model assumes that populations of sexually reproducing species are more likely to produce individuals extremely well adapted to immediate conditions.  

XIII.3.1.3 Sexual reproduction maintains the diploid status of the genome.  


XIII.3.1.3.1 Diploidy speeds up the evolution of new genes.


XIII.3.1.3.2 Diploidy helps maintain intrapopulation and intraspecific polymorphism.  


XIII.3.1.3.3 Diploidy may have played a major role in the emergence of multicellularity.


XIII.3.1.4 Sexual reproduction facilitates simultaneous selection for two mutations.  

XIII.3.1.5  Sexual reproduction allows a useful mutation to rid itself of the neighbourhood of negative mutations.    

XIII.3.1.6 Sexual reproduction is closely linked to the emergence of the phenomenon of biological species.

XIII.3.1.6.1 Existence of distinct species can also have a positive impact on the pace of the anagenetic component of evolution.  

XIII.3.1.7 Sexual reproduction and the accompanying genetic recombination can stop Muller’s ratchet.

XIII.3.1.7.1 In viruses with segmented genome, Muller’s ratchet can be stopped by the process of genome complementation.  


XIII.3.2 The fact that parthenogenetic mutants do not prevail within a sexually reproducing species suggests that sexual reproduction is useful for the individual too.


XIII.3.2.1 Sexual reproduction can be an important mechanism for repairing mutations.  

XIII.3.2.1.1 Availability of two sets of genes coming from two individuals allows the zygote to distinguish which of the complementary chains experienced mutation.  


XIII.3.2.1.2 Many unicellulars must interrupt the series of asexual reproductions with a sexual cycle at least from time to time if their populations are not to degenerate and die out.   


XIII.3.2.1.3 Absence of sexual reproduction and the related repair may be the reason why somatic cell clones age in multicellular organisms.  


XIII.3.2.2 Sexual reproduction can enhance the individual’s inclusive fitness.  


XIII.3.2.2.1 The elbow room model assumes that polymorphism in offspring limits sibling competition.


XIII.3.2.2.2 The lottery model assumes that among polymorphic offspring there is an individual with especially suitable phenotype for each microhabitat.


XIII.3.2.2.3 The negative fitness inheritance model points to the fact that under certain conditions it is useful to be as different from one’s parents as possible.  


XIII.3.3 Sexual reproduction can be a one-way evolutionary trap.  


XIII.3.3.1 Transition to asexual reproduction can by prevented by accumulation of recessive lethal mutations in diploid genome.  


XIII.3.3.2 The emergence of genome imprinting can be an effective evolutionary trap.   


XIII.3.3.3 Evolutionary constraints may prevent emergence of asexually reproducing species within sexually reproducing species.  


XIII.3.4 Sexual reproduction can be adaptive from the perspective of a selfish gene or a parasite.  

XIII.3.4.1 Sexual reproduction can be the manifestation of a selfish gene.  


XIII.3.4.2 Sexual reproduction of the host can develop as parasite’s adaptive trait.  

XIV EVOLUTIONARY CONSEQUENCES OF SEXUAL REPRODUCTION


XIV.1 Sexual reproduction evolved in parallel with functional anisogamy, differentiation of gametes into mating types.  


XIV.1.1 Evolution of mating types is clearly useful for the species, though it is not clear how it benefits the individual.  


XIV.1.1.1 Mating types may enhance the individual’s inclusive fitness.  


XIV.1.1.2 Mating types may be related to the indispensable molecular recognition of members of the same species via the lock and key mechanism.


XIV.2 The next stage in the evolution of sexuality is the evolution of morphological anisogamy, differentiation of gametes into microgametes and macrogametes.  


XIV.2.1 Morphological anisogamy may be the outcome of a simultaneous effect of two antagonistic selection pressures.


XIV.2.2 Morphological anisogamy may be a defence against the proliferation of cytoplasmic ultraselfish genes.

XIV.3 Multicellular organisms show a cycle of alternating gamete and multi-cell organism stages; natural selection can operate both among gametes and among multi-cell individuals.


XIV.3.1 Multicellular organisms would seem to mostly try to prevent intergametic selection. 

XIV.3.2 The selection arena hypothesis assumes that on the contrary, females of some species create conditions for the most efficient operation of intergametic selection.


XIV.4 The possibility of separate microgamete and macrogamete production in multicellular organisms creates the conditions for the evolution of gonochorism.  


XIV.5 The ratio of male and female offspring born is strikingly often close to one.  

XIV.5.1 The 1:1 males to females ratio is favourable with respect to efficiency of the genetic recombination process.

XIV.5.2 The 1:1 ratio is most likely to be achieved through individual, not group or species selection.

XIV.5.2.1 In certain situations, the secondary sex ratio can verge off the value of one significantly.  

XIV.5.2.2 Female pursuit of the optimal sex ratio can conflict with the interests of the individual offspring.

XIV.5.3 It can be useful for the organism to determine the ratio of sons and daughters in the brood according to current situation.   


XIV.6 An individual’s sex is mostly genetically-determined.  


XIV.6.1 Sexual heterochromosomes carry very few functional genes, which may be a defence against a certain category of outlow genes.  

XIV.7 Macrogamete production is more costly than microgamete production, with a series of interesting evolutionary consequences.  


XIV.7.1 Nature can test evolutionary novelties on relatively easily replaceable males.  


XIV.7.2 The costs of macrogamete production predestine females for the role of K-strategists.  


XIV.8 Members of the same species compete on intersex and intrasex level, evolutionary outcome of this competition can be estimated using the game theory.  


XIV.8.1 Intersexual competition is often at play in the division of energy put into offspring care.  


XIV.8.1.1 Females can outweigh the drawback of costly macrogamete production by extending the pre-copulation stage of breeding.  

XIV.8.1.2 The sexy son hypothesis points to the complexity of choice of an optimal reproduction strategy.

XIV.8.1.3 Partner infidelity is an effective and often used strategy in intersexual conflicts.  


XIV.8.1.4 The Bruce effect seems to be an outcome of intersexual conflict.  


XIV.8.1.5 Under certain circumstances, sexual promiscuity can be a strategy benefiting both males and females.  


XIV.8.1.5.1 Promiscuity can also be the consequence of sexually-transmitted parasite’s influence on his host’s behaviour.  

XIV.8.2 Haplodiploid organisms show extreme cases of intersexual conflicts.


XV SEXUAL SELECTION


XV.1 Sexual selection selects for individuals with greater sexual fitness.  


XV.2 The level of sexual selection to which members of a certain sex will be exposed is regulated by the “law of supply and demand”.


XV.2.1 Sexual selection is more intensive in species where one parent is sufficient for offspring care.  


XV.2.2 Exchange of parental roles can occur in some cases, with a subsequent exchange of roles in sexual selection too.  

XV.3 Competition can take the form of a more or less ritualized fight or a more or less passive submission to the choice made by members of the opposite sex.  


XV.4 Sexual selection can produce morphological structures or behavioural patterns that reduce the viability of their bearer.  


XV.4.1 Species with stronger sexual dimorphism show higher male mortality.  


XV.4.2 The degree of secondary sex trait expression is determined by the resultant of opposed sexual and natural selection pressures.  


XV.4.3 The negative impact of a secondary sex trait on an individual’s viability can largely be the consequence of sexual selection inertia.  


XV.4.4 Preference for traits reducing the viability of their bearer evolves more easily in species with heterogametic females.  


XV.5 From the perspective of evolutionary biology, evolution of female preference for a certain secondary sex trait poses an interesting problem.  


XV.5.1 Fisher’s model shows that the gene for the preference of a trait spreads together with the genes for the preferred trait in the population.     

XV.5.2 Sensory drive can be responsible for the fixation of genes for certain types of sexual preferences.

XV.5.3 Sexual selection can induce hypertrophy in traits originally used to identify members of the same species.  


XV.5.4 Under certain conditions, it may be beneficial for the female to chose a mate handicapped by the presence of secondary sex traits.  


XV.5.5 The direct benefit hypotheses and good genes hypotheses assume that females prefer traits signaling the quality of the male through their presence.  


XV.5.5.1 If the secondary sex traits are to function as indicators of an individual’s quality, their expression must be cost-intensive.  


XV.5.5.1.1 Many species show two different strategies for sex trait expression and two related reproduction strategies.  


XV.5.5.2 The good genes models can only work in the long-term if the direction of selection pressures affecting the organisms changes in time.  


XV.5.5.3 The degree of secondary sex trait expression can reflect the quality of ontogenesis of the given individual.


XV.5.5.4 Secondary sex traits could function as indicators of the individual’s health.  


XV.5.5.5 Secondary sex traits can serve to indicate the current physiological condition and the degree of their expression in the individual can change.  


XV.5.5.6 In migratory birds, the degree of secondary sex trait expression can reflect the quality of winter habitat.  


XV.5.5.7 The degree of secondary sex trait expression can reflect an individual’s rate of success in social interactions.

XV.5.5.8 Secondary sex traits can reflect the level of parasitization.  


XV.5.5.8.1 The parasitization level indicator hypothesis does not take the parasite’s evolutionary countermoves into consideration.

XV.6 Sexual selection seems to play an important role in human evolution.  


XV.7 Sexual selection also occurs in plants.  


XVI EVOLUTION OF BEHAVIOUR

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.

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. 

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

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

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

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.  

XVI.3.2 Learned behaviour may accelerate the adaptive evolution using the Baldwin effect and genetic assimilation.

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.

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.

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.

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

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.

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

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. 

XVI.5.3 In evolution, the fact that the same individuals can during their life in similar conditions interact repeatedly, is of essential importance.

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.

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. 

XVII CULTURAL EVOLUTION


XVII.1 Some adaptive characteristics evolve and change in the course of cultural evolution.  

XVII.1.2 In cultural evolution, traits are transmitted nongenetically, by learning, most frequently in the form of imitation.   

XVII.1.3 Cultural traits can be transmitted not just by imitation of certain behaviour but also via symbols.  

XVII.1.4 It is sometimes difficult to draw a clear line between innate and acquired traits.

XVII.2 Information that conditions a culturally transmitted trait is at present usually called the meme.  


XVII.2.1 The difference between interactor and replicator has deepened significantly in case of memes too with the emergence of symbolic speech.  
 

XVII.2.2 Emergence of symbolic speech created the conditions for the involvement of memetic drive in cultural evolution.   


XVII.3 Memes can spread much more efficiently in the population than genes.  


XVII.3.1 New memes can emerge both randomly and in a goal-driven way, which means that cultural evolution can also employ Lamarckian mechanism.   


XVII.4 Cultural evolution takes the form of meme competition.  


XVII.4.1 The spread of memes with exclusively vertical transmission, i.e. parent to offspring, can be accompanied by the spread of some genes, which may closely link cultural evolution with biological evolution.


XVII.4.1.2 Some memes can spread by enhancing the biological fitness of their bearer, yet to the detriment of the quality of his life.  

XVII.4.2 Memes that are not beneficial for their bearer, i.e. memes that reduce his biological fitness, can also spread.  

XVII.5 The spread of memes is governed by the same laws as the spread of communicable diseases.  

XVII.5.1 Just as the way in which parasites spread affects the degree of their virulence, the way memes are transmitted affects how likely they are to harm their bearer and to what degree.  


XVIII COEVOLUTION


XVIII.1 Changes in the biotic factors of environment are cumulative and irreversible. 


XVIII.2 The nature of the biological evolution is determined by the need to adapt constantly to cumulative and irreversible changes of the environment.   

XVIII.3 Only species capable of permanent, sufficiently swift adaptation to changes in the biosphere can persist in it in the long-term.   

XVIII.4 Coevolution often resembles arms race.  


XVIII.4.1 The race can take place at both interspecific and intraspecific level.  


XVIII.5 Coevolution of two species is sometimes closely interrelated and in both species produces specific adaptations to the conditions of their coexistence.
 

XVIII.5.1 Endosymbiosis is a close form of coexistence of two species of organisms.

XVIII.5.2 The closest form of coexistence of two species of organisms is the endocytobiosis, which is how some organelles of the contemporary eukaryotic cell evolved.  

XVIII.6 The extended phenotype concept suggests that coevolution can involve fixation of genes that do not affect the phenotype of organism in which they are located but affect the phenotype of members of another species.


XVIII.6.1 Production and release of substances that attract the parasites’ natural enemies is an important mechanism of host’s defence against them.  


XVIII.7 Mimetism, imitation of the look of members of another species, is an interesting product of coevolution.  

XVIII.8 Warning colouring is the product of predator and potential prey coevolution.  

XVIII.8.1 Some cases of warning colouring can fall under the extended phenotype category, i.e. they can be the product of genes located in the genome of species of organisms other than those that wear the warning colours.  


XIX PARASITE EVOLUTION


XIX.1 Host-parasite interactions seem to be extremely important in the evolution of organisms.  


XIX.1.1 Evolution of the parasite is usually faster than the evolution of the host.  


XIX.1.2 Application of the “life/dinner” principle largely predetermines the outcome of evolutionary contest between parasite and host.  

XIX.1.3 Host to parasite selection pressure is stronger and more systematic than vice versa.  

XIX.1.4 The parasite must not exterminate its host species.  


XIX.2 Parasite’s adaptation to host often limits its host-spectrum.  

XIX.2.1 Parasite-induced pressure can lead to speciation in the host species.  


XIX.3 Parasites help maintain biodiversity.  


XIX.4 Microevolution in parasite species aims to maximize the basic reproduction constant R0.


XIX.4.1 Achieving optimal parasite multiplication rate in the parasitized host represents an important way of maximizing the efficiency of transmission.


XIX.4.1.1 Infrapopulation growth speed can be zero under certain conditions.  


XIX.5 The host-parasite coevolution often leads to changes in pathogenic manifestations of parasitosis.

XIX.5.1 Genetic variability within the infrapopulation counters the development towards limited pathogenic manifestations of parasitosis by reducing the speed of multiplication.  


XIX.5.1.1 Frequent incidence of clonal reproduction in parasitic organisms may be an adaptation that serves to limit individual selection.  


XIX.5.2 Potential superinfection considerably limits the parasite’s ability to optimize multiplication rate and the degree of pathogenity.   


XIX.5.3 Interpopulation, interspecific or species selection is sometimes considered the cause of decreasing virulence in parasites.

XIX.5.4 Parasite virulence development depends on biodemographic parameters of the host population.  

XIX.5.5 The direction of microevolution of a parasite largely depends on its mechanism of transmission.  

XIX.5.5.1 Virulence and pathogenity of parasites transmitted vertically in the host population, i.e. from parents to offspring, tends to decrease.  


XIX.5.5.1.1 If a parasite is to be transmitted mostly vertically, it must have specific mechanisms in place ensuring its persistence in the host population.  


XIX.5.5.2 Many mechanisms of horizontal parasite transmission support an increase in virulence.  


XIX.5.6 In some cases the host actively helps to enhance the pathogenous manifestations of parasitization.

XIX.6 Parasites often facilitate their propagation by specific interventions in physiological, ecological and etological traits of the host organism.  


XIX.6.1 Inducing morphological changes is a common type of intervention in host organism structure.


XIX.6.2 Important changes in host organism physiology are related to immunization and immunosuppression.

XIX.6.3 In parasitic castration, parasites enhance their hosts’ viability by the detriment of their fertility.  

XIX.6.4 Parasites transmitted vertically by microgametes or macrogametes are often able to change their hosts’ phenotypic sex or even genetic sex.


XIX.6.5 The manipulation hypothesis suggests that parasites can enhance the likelihood of their transmission by manipulating the host’s behaviour.  


XIX.6.5.1 The nature of parasite-induced changes in host’s behaviour depends on the parasite’s way of transmission.  


XIX.6.5.2 Manipulation of host behaviour by parasites transmitted through predation has been demonstrated in many systems.  


XIX.6.5.3 Conclusive evidence of host behaviour manipulation by sexually transmitted parasites is still missing.  


XIX.6.5.4 Manifestations of manipulative parasite activity can also be found in humans.  

XIX.6.5.5 Interventions in the host’s nervous system can be either direct or mediated by host’s sensory organs.  

XIX.6.6 Some pathogenic manifestations of parasitoses can effectively facilitate parasite’s transmission.  

XIX.7 Cladogenesis of the parasitic taxon often copies the cladogenesis of host taxon.  

XIX.8 Anagenesis in parasites sometimes includes reducing the organism’s complexity.  


XX SPECIES


XX.1 Species is the basic taxonomic unit.


XX.2 There are several principally different theoretical concepts of species.  


XX.2.1 The nominalistic concept assumes that species do not objectively exist in the nature and are only artificially delimited by humans-taxonomists.


XX.2.2 The realistic concept of species assumes that species and borders between them are objectively present in the nature, independently of man’s will.   

XX.2.2.1 The historical concept of species assumes that the existence of distinctive species may be an outcome of a historical accident.  


XX.2.2.2 The essentialist concept of species assumes that members of the same species share a certain inner quality that sets them apart from members of other species.  


XX.2.2.3 The structuralistic concept of species assumes that species objectively exist and that their existence and distinctiveness derives from the characteristics of their elements of structure.  


XX.2.2.4 Distinctiveness of species can be maintained externally by a mechanism of species cohesion.


XX.2.2.4.1 Sexual reproduction is the best known and probably the most common species cohesion mechanism.

XX.2.2.4.2 In some organisms, species cohesion could be ensured via natural selection in the given environment.  

XX.2.2.4.3 Species cohesion in asexually reproducing organisms can be ensured via genetic draft.  


XX.3 Theoretical concepts of species reflect on the way in which individual species are delimited in taxonomic practice.  

XX.3.1 The typological definition of species is built around the fact that individuals from the same species bear more resemblance to each other in their phenotype than individuals belonging to different species.  


XX.3.1.1 In terms of morphological species, existence of cryptic species poses a considerable problem.


XX.3.1.2 In some species, the phenotype of individuals changes depending on the population’s location within the range; if the relevant trait shows a smooth gradient we speak of clinal variability.  

XX.3.1.3 Typological species must not necessarily be monophyletic.
 

XX.3.1.4 The choice of the diagnostic trait is largely subject to pragmatic considerations.  

XX.3.2 Buffon’s definition of species considers the ability to reproduce productively as the criterion of belonging to the same species.

XX.3.3 The definition of biological species focuses on the possibility of gene flow between populations, not on the capability of breeding between individuals.  


XX.3.3.1 A hybrid zone may arise in the place of secondary contact between closely related species of sexually reproducing organisms.  


XX.3.3.2 Some biological species seem to evolve repeatedly in the nature.  


XX.3.3.3 Some biological species exist by virtue of hybridogenesis, repeated interspecific cross-breeding.


XX.3.4 For the definition of species based on intraspecific recognition, the criterion delimiting species consists in the existence of particular mechanisms used to identify potential mates.  


XX.3.5 Etological species category logically includes the cognitive concept of species which defines species on the basis of shared traits allowing the individuals to recognize their usual biotope.    


XX.3.6 The definition of species based on phenotypic cohesion builds on the assumed presence of one of the species cohesion mechanisms.  

XX.3.6.1 The definition of species based on phenotypic cohesion also overarches the definition of biological species and the definition of species based on intraspecific recognition.


XX.3.6.2 If the phenotypic cohesion of a population is maintained by the normalizing selection by nature, we speak of ecological species.  

XX.4 Several definitions of species attempt to draw the boundaries of species emerging and disappearing in the course of evolution.  

XX.4.1 The evolutionary definition of species seems to be the most general definition attempting to delimit species in time.


XX.4.2 The cladistic definition of species is a variation on the evolutionary definition, dropping the requirement of consistency of evolutionary tendencies in populations belonging to a given species.  


XX.4.3 In the phylogenetic species definition, monophyly of the line and the presence of a phenotypic trait allowing to classify the individual under a given species are considered the basic criteria for the delimitation of species.


XXI SPECIATION


XXI.1 There are two principally different types of speciation, branching speciation and phyletic speciation.

XXI.2 In terms of duration, there are abrupt speciations and gradual speciations.  


XXI.3 New species can evolve allopatrically or sympatrically, i.e. without contact or in contact with the parent species.  


XXI.3.1 Allopatric speciations are divided into vicariant (dichopatric) and peripatric speciations.  

XXI.4 Speciation in species without sexual reproduction and in species with sexual reproduction shows important differences.  


XXI.4.1 Crossing of valleys in adaptive landscape, i.e. the need to sustain a chain of intermediate forms with suboptimal phenotypes, tends to be a major obstacle to speciation.  


XXI.4.2 The rise of internal or external reproductive isolation barriers between parts of population is usually the first and most important step in the speciation of sexually reproducing species.


XXI.4.2.1 External reproductive isolation barriers exist by virtue of heterogeneity and discontinuity of the surrounding environment. 

XXI.4.2.2 Internal reproductive isolation mechanisms are usually divided into prezygotic and postzygotic.

XXI.4.2.2.1 The most important prezygotic reproductive isolation mechanisms involve spatial, temporal, etological and morphological isolation.  


XXI.4.2.2.2 Postzygotic reproductive isolation mechanisms include zygote mortality, partial or total hybrid inviability, partial or total hybrid sterility and reduced viability and fertility in the F2-generation due to chromosomal or gene incompatibility.  


XXI.4.3 Haldane’s rule says that if hybrids of one sex are more damaged by gene incompatibility, it tends to be the members of the heterogametic sex.  

XXI.4.3.1 The dominance hypothesis suggests that greater sensitivity of heterogametic sex is mainly the result of interactions between genes on the autosomes and genes on the X-chromosome.  


XXI.4.3.2 The faster male hypothesis suggests that in the course of evolution fertility-affecting genes change faster in males than in females, as a result of the stronger effect of sexual selection.   

XXI.4.3.3 Higher incidence of hybrid male sterility in species with heterogametic males can be due to the fact that the production of eggs is more robust against disorders than the production of sperm.


XXI.4.3.4 The recessive gene theory assumes that reduced fitness of heterogametic sex members is a consequence of recessive negative mutations occurring on X-chromosomes.  


XXI.4.3.5 Somatic mutations in the X-chromosome can play a crucial role in reducing the viability of heterogametic sex hybrids.  


XXI.4.3.6 Haldane’s rule is sometimes explained by the work of ultraselfish genetic elements that accumulate primarily in the nonrecombining parts of the Y and W alosomes.  


XXI.4.4 Existence of a postzygotic reproductive isolation barrier can produce selection pressure for the emergence of prezygotic isolation barriers.

XXI.5 There are different types of speciations according to the type of reproductive barrier.  


XXI.5.1 In chromosomal speciation, chromosomal mutation produces a karyotype that is partly or completely incompatible with the original karyotype.  


XXI.5.1.1 Certain types of chromosomal speciations require involvement of several independent chromosomal mutations.  


XXI.5.2 Chromosomal incompatibility, and thus speciation, can be the consequence of genomic mutation, most commonly genome polyploidisation.

XXI.5.3 Interspecific hybridization can cause chromosomal incompatibility and thus lead to evolution of a new species.  


XXI.5.4 Reproductive barriers causing speciation can also build up as a result of the activity of some parasitic microorganisms.

XXI.5.5 In ecological speciation, external prezygotic reproductive isolation mechanisms are established as a result of different ecological requirements of two sympatrically existing forms of the same species.  

XXI.5.5.1 Darwin assumed that disruptive natural selection is the driving force behind speciations.


XXI.5.6 A change in the particular specific mechanism for mating partner recognition can lead to etological speciation.

XXI.5.6.1 In species with sexual selection based on female choice there is a constant tendency towards both phyletic and branching speciation through coevolution lift.  


XXII EXTINCTION


XXII.1 True extinctions, deaths of species, are sometimes difficult to distinguish from pseudoextinctions, gradual anagenetic transformations of one species into a different species.  


XXII.2 On the general level, the most common cause of a species becoming extinct is its presence in the wrong place at the wrong time.  


XXII.3 The study of fossils is the main source of information about the progress and nature of extinctions. 

XXII.3.1 The accuracy of dating a species’ emergence and extinction depends on the abundance of its populations and age of the event.  

XXII.4 The scope of extinction at higher taxon level can be quantified using a number of models, the simplest of which is the foot soldier in the field model.  

XXII.5 Frequency of extinctions oscillates drastically in different periods of the history of life, yet in practice we usually distinguish between mass extinctions and background extinctions. 


XXII.5.1 Periods of higher extinction rates can be roughly divided according to their intensity, geographical scope, duration and selectivity.  

XXII.5.2 Using the periods of mass extinction, the history of life on Earth can be divided into stages with different characteristic structure of fauna and flora.  


XXII.5.3 The reasons for major variations in the speed of extinction may lie in the internal dynamism of ecosystem evolution or in the changing conditions of external environment. 
 

XXII.5.3.1 Mass extinctions were most probably caused by natural disasters of great magnitude, abrupt changes in the environment affecting extensive territories.  


XXII.5.3.2 Impacts of bigger cosmic bodies were the probable and sometimes even largely proven cause of mass extinction.  


XXII.5.3.3 Some mass extinctions may have been caused by extreme volcanic activity.  


XXII.5.3.4 Some authors believe that a periodicity of about 26 million years can be discerned in the sequence of mass extinctions.  


XXII.5.3.5 Ecosystems, just as many other complex systems, can experience spontaneous periodic or aperiodic occurrence and spread of abrupt changes.  


XXII.5.4 Mass extinctions tend to affect a broad range of ecosystems and a broad range of species within them, but the ecological and taxonomic specificity varies from case to case.  


XXII.5.4.1 Opportunistic species pre-adapted to degraded environment prevail immediately after the end of mass extinction periods.  


XXII.5.4.2 With time, some original species return to the communities and opportunistic species are gradually squeezed out by competitively superior species.  


XXII.5.4.3 After a space in the order of ten million years, original biodiversity is restored in the communities as a result of a faster rate of speciation.  

XXII.5.5 Mass extinctions have a major impact on the course of macroevoultionary processes.  


XXII.6 The likelihood of extinction, and thus also the average length of existence of species, varies between groups of organisms, depending on their taxonomic affiliation and ecological requirements.  


XXII.6.1 Species with a broader ecological valence die out more slowly than species with a narrower ecological valence.   


XXII.6.2 Species of large physical proportions sometimes tend to be at greater risk of extinction than smaller species.  


XXII.6.3 The likelihood of extinction correlates inversely with the size of the range, however, during periods of mass extinction this correlation may disappear.  
 

XXII.6.4 Marine species of animals with planktonic larval stages die out more slowly than species with direct lifecycle.


XXII.6.5 Planktonic species with dense, spatially non-structured populations are more sensitive to background extinction than benthic organisms; the viral theory of background extinctions offers one potential explanation.

XXII.6.6 The likelihood of extinction of a species does not depend on the length of its existence, the species does not improve or age in time.   

XXII.7 The average speed of extinction decreases in time and its oscillation amplitude diminishes, ecosystems seem to become more resistant to the spread of disturbances.    


XXII.8 Current extinction of organisms shows the characteristics of an extremely intensive background extinction.  

XXIII PHYLOGENETICS


XXIII.1 All known species of organisms living on the Earth evolved in the course of phylogenesis from a common ancestor.

XXIII.2 Cladogenesis and anagenesis are two complementary aspects of phylogenesis.  


XXIII.3 Cladogenesis means branching, or more rarely merging, of evolutionary lines.  

XXIII.4 The clearest way to illustrate the progress of cladogenesis is in a tree chart, a dendrogram. 


XXIII.4.1 It is only due to anagenetic changes that the presence of cladogenesis can be detected or its progress reconstructed.  


XXIII.4.2 A cladogenetic diagram only conveys the degree of relationship between organisms, the degree of their phenotype similarity is expressed in a phenogram.  


XXIII.5 Cladogeneses are usually reconstructed on the basis of how homologies, i.e. traits inherited by the species from their common ancestors, are shared.  


XXIII.5.1 Differentiation between homologies and homoplasies can be facilitated by preserved fossils, data on the presence of a trait in related taxons and data on trait ontogenesis.  


XXIII.5.2 Homologies and homoplasies can also be distinguished using the maximum parsimony principle.  

XXIII.5.2.1 There are several maximum parsimony methods, selecting the most suitable one will depend on the nature of available traits.


XXIII.5.2.2 The risk of methods based on maximum parsimony lies in the fact that in using them we formulate hypotheses on homologies and homoplasies on the basis of the phylogenetic hypothesis while formulating the phylogenetic hypothesis on the basis of hypotheses on homologies and homoplasies.   

XXIII.5.2.3 The significance of difference between two trees is tested on the basis of difference in the minimum number of evolutionary changes; the quality of trees and reliability of the traits is described by the retention or homoplasy index.

XXIII.6 Once cladogenesis has been reconstructed, the distribution of synapomorphies, i.e. evolutionary derived forms of homological traits, must be examined in particular.   


XXIII.6.1 Under favourable conditions, synapomorphies can be identified on the basis of paleontological data, by comparing the situation in sister taxons or by the study of ontogenesis.  


XXIII.6.2 If the location of the root can be determined, it is possible to distinguish plesiomorph and apomorph forms of traits directly from their distribution on the obtained tree.  


XXIII.7 A large number of different trees can often be produced using the same diagram of the distribution of synapomorphies.  


XXIII.8 One consensual tree can be produced from several different trees.  


XXIV MOLECULAR PHYLOGENETICS


XXIV.1 From the systematic and phylogenetic perspective, molecular traits, as compared to classical, for example morphological traits, have a number of important advantages.  


XXIV.1.1 The amount of molecular traits at our disposal is practically unrestricted.  


XXIV.1.2 Particular molecular traits are mutually distinct.  


XXIV.1.3 Molecular traits tend to be qualitative and can thus be defined and described with more precision.  

XXIV.1.4 Molecular traits allow for the comparison and classification of unrelated and therefore dissimilar organisms.  
 

XXIV.1.5 Molecular traits do not need to be mutually weighed.


XXIV.1.6 Molecular traits are often selectively neutral, the number of traits shared by two species therefore reflects the degree of their relationship, not the degree of similarity of selection pressures they had been exposed to.  


XXIV.2 Nevertheless, for some types of studies and for answering certain types of questions, molecular traits cannot adequately substitute classical traits.    


XXIV.3 In practice, molecular traits are identified using a whole range of direct and indirect methods.


XXIV.3.1 DNA sequencing is the most universally applicable technique for obtaining molecular biological traits.


XXIV.3.2 Protein sequencing is technically much more complex and is therefore not used for taxonomic and phylogenetic purposes.   
 

XXIV.3.3 The restriction mapping method can be used to an advantage in the study of small genomes or isolated medium-length DNA sections.


XXIV.3.4 A large number of traits in the analysis of complex genomes can be obtained with the AFLP method.

XXIV.3.5 Another method suitable for processing many samples is the SSCP.  


XXIV.3.6 Much data has been obtained in the past and is still obtained using the allozyme analysis.  


XXIV.3.7 In terms of utilization, microsatellite analysis offers a modern and possibly better alternative to allozyme analysis.  

XXIV.3.8 Molecular taxonomic studies can also work with data obtained using methods from the molecular fingerprinting category.  


XXIV.3.9 Restriction fingerprinting (RFLP) is applied to characterize complex DNA by cutting it with restriction endonucleases into a set of fragments of varying length.  


XXIV.3.10 PCR-fingerprinting, especially the RAPD method, is a potent tool in the study of phylogenesis of lower level taxons.  


XXIV.3.11 In some cases, protein fingerprinting can also be used for the purposes of molecular taxonomic studies.  


XXIV.3.12 Similarity of DNA sequences, and thus the genetic distance between pairs of species, can also be established on the basis of DNA hybridization.  


XXIV.3.13 Relationship between species can be estimated with the use of immunological methods, by quantifying the level of cross-reactivity between antibodies produced against one species and antigens from another species.

XXIV.3.14 The study of unique traits that have only emerged once in the course of evolution, for example the study of transposon integration into different loci of the genome, bears a great potential for the future.  


XXIV.4 Results of multiloci phylogenetic analyses are more reliable than single-locus analyses, yet the results of the latter can be more useful from the perspective of the study of intrapopulation processes.  


XXIV.5 Some molecular taxonomic methods produce character data, other distance data.   

XXIV.6 Phenetic methods classify organisms on the basis of their similarity, phylogenetic methods on the basis of their relationship.  


XXIV.7 Using a suitable DNA or protein evolution model and based on the similarity of those biopolymer sequences in different species, the approximate relationship of the species can be calculated and the course of their phylogenesis can thus be reconstructed.  


XXIV.8 There are two principally different ways of creating a phylogenetic tree – using construction algorithm or using the optimality criterion.  


XXIV.9 It is convenient to test the reliability of the obtained tree using analytical techniques or resampling tests.  

XXIV.9.1 Including paralogous or xenologous genes in the initial data set is a major source of errors in molecular phylogenetic analysis.  


XXIV.9.2 The accuracy of results of phylogenetic analyses can be negatively affected by artefacts of attraction or repulsion of long branches.


XXV TAXONOMY


XXV.1 The objective of contemporary taxonomy is to create a natural taxonomic system.  


XXV.1.1 A natural taxonomic system is understood today as a system reflecting the progress of phylogenesis of organisms.   


XXV.1.2 Current taxonomic systems are polythetic, they define taxons on the basis of interchangeable traits.

XXV.2 There are currently three basic methodical approaches for creating a taxonomic system: phenetic, cladistic and evolutionary systematic.  


XXV.2.1 In phenetics, cluster analysis methods are used to produce a hierarchically organized system of immersed taxons, based on the level of similarity between species.  


XXV.2.2 Both cladistics and evolutionary systematics base the hierarchical system of taxons on the fact that cladogenesis progressed as a gradual branching of evolutionary lines.   


XXV.2.3 Evolutionary systematicians are trying to classify organisms using a closed system of taxons of various taxonomic levels, cladists must usually do without such a closed system.  


XXV.3 The basic requirement on biological taxons is their monophyly.

XXV.3.1 The looser evolutionary systematic understanding of monophyly differs from the stricter cladistic view in that it permits the creation of paraphyletic taxons.  


XXV.4 With the knowledge of cladogenesis, it is possible to infer which taxons must not be created, but it is not possible to determine which taxons should or must be created.  


XXV.4.1 Evolutionary systematicians use the achieved level of anagenesis as the main lead in taxon creation.   

XXV.4.2 When defining a particular taxon on the basis of shared traits, evolutionary systematicians must take the definition of other taxons within the relevant evolutionary line into account.  


XXV.5 The naming of taxons follows the rules of scientific nomenclature.  


XXVI  MACROEVOLUTION


XXVI.1 The nature of cladogenesis within an evolutionary line is determined by the way and speed in which speciations and extinctions alternate.  


XXVI.1.1 The nature of cladogenesis within an evolutionary line can change in time.  


XXVI.2 The progress of cladogenesis can be significantly affected by individual anagenetic changes.  


XXVI.2.1 The likelihood of speciation can be enhanced by an anagenetic change opening a new or broadening the existing ecological niche for the members of the species.  


XXVI.2.1.1 A major evolutionary novelty can lead to adaptive radiation of the evolutionary line.  

XXVI.2.1.2 Adaptive radiation can occur not just as a consequence of key evolutionary innovation but also as a consequence of penetrating a territory not occupied by other species.


XXVI.2.2 Anagenetic change can also affect cladogenesis by directly modifying the likelihood of speciations or extinctions.  


XXVI.3 Interspecific competition for the most frequent speciations and the slowest extinction is the essence of species selection.

XXVI.3.1 Species selection may be responsible for the rise and fall of the various evolutionary lines in the course of evolution.  


XXVI.3.2 Species selection can also explain evolutionary and ecological processes unfolding on local level.  

XXVI.4 Anagenetic changes occur at different speeds in different species and different evolutionary lines, their speed can change in time and within the evolutionary line.  


XXVI.4.1 The speed of anagenetic changes can be measured on the basis of quantitative and qualitative traits, as well as on the basis of speed at which species emerge and disappear.  


XXVI.4.1.1 The most common units used to measure the speed of evolution of a quantitative trait are Darwins and Haldanes.  


XXVI.4.1.2 The speeds of evolution can also be compared on the basis of qualitative traits, if these are expressed as the number of evolutionary novelties occurring within a given line in a period of time.  

XXVI.4.1.3 Taxonomic speed stands for the speed at which different taxons, usually species, emerge and disappear within a particular line.  

XXVI.4.2 Evolutionary speeds measured for shorter periods of time are much higher than evolutionary speeds measured for longer periods.  


XXVI.4.3 The speed of evolution of a species does not directly correlate with the length of generation period.  

XXVI.5 For most of its existence a species is in the state of evolutionary stasis.  


XXVI.5.1 The punctuated equilibrium theory highlights the fact that the time of anagenesis constitutes just a small fraction of the time of existence of a species.  


XXVI.5.2 The punctuationalist model of evolution does not assume the existence of typostrophic saltations.

XXVI.5.3 Several mechanisms were proposed to explain the punctuationalist nature of evolution.  


XXVI.5.4 The quantum evolution model focuses on the swift evolution of higher taxons, not individual species.

XXVI.6 Anagenetic changes of traits progress in different directions and at different speeds in distinct taxons.

XXVI.6.1 During an individual’s development, and thus also during taxon evolution, organs and organ systems compete with each other in a sense.  


XXVI.7 A similar course of anagenesis within an evolutionary line or within several independent lines is described as evolutionary trend.  

XXVI.7.1 Evolutionary trend could be the consequence of a selection pressure operating in the same direction throughout the existence of the particular evolutionary line.  


XXVI.7.2 Evolutionary trend could be the consequence of organism’s direct evolutionary response to an ongoing change in the external environment.  


XXVI.7.3 Evolutionary trend could be the consequence of species selection.


XXVI.7.4 Evolutionary trend could be the consequence of presence of specific evolutionary constraints.


XXVI.7.5 Evolutionary trend has also been used to explain the emergence of characteristics that harm their bearer and can under certain circumstances cause the extinction of species.


XXVII. CRITICISM AND DEFENCE OF EVOLUTIONARY THEORIES


XXVII.1 The theory of evolution has been a frequent target of more or less factual attacks since its beginning.  

XXVII.1.1 The motives behind attacks on evolutionary theory tend to be in principle three: inconsistency with one’s ideological model of the world, fear of consequences if evolutionary theory is generally accepted, and factual objections against the content of evolutionary theory.   

XXVII.1.1.1 Evolutionary theory has been permanently subject to attacks by the followers of those religions and ideologies that are sustained and spread precisely by active conflict with any alternative ideological currents.   

XXVII.1.1.2 Some opponents maintain that a general acceptance of evolutionary theory would have a negative impact on people’s ethical attitudes and hence their behaviour.   

XXVII.1.1.3 Specific objections against some factual bases or conclusions of the evolutionary theory can also be the reason for disagreement.  


XXVII.1.2 Opponents argue that evolutionary theory is just a theory and not a scientific fact and should not therefore be taught at public schools, or if it is, then this fact should be expressly emphasized.


XXVII.1.3 A common objection against the evolutionary theory and against it being taught at public schools is its alleged indemonstrability and unscientific nature.   


XXVII.1.4 Even scientists working in the field allegedly still have doubts about the evolutionary theory.

XXVII.1.5 It is said to be statistically impossible that something as complex as an organism could be the result of a random process of evolution.  


XXVII.1.6 The second law of thermodynamics allegedly rules out spontaneous upgrade of a system’s level of organization; consequently, living organisms cannot form spontaneously from simple non-living components.   

XXVII.1.7 Evolutionary processes are said to possibly explain small variations in the structure of organisms, such as the emergence of geographical races, but nobody has as yet noted that they could produce a new species.

XXVII.1.8 Paleontological record allegedly lacks links between the various taxons of organisms.

XXVII.1.9 Many biological structures are extremely complex in their current functional form and at the same time not able to function in any simplified form – hence they could not have gradually evolved into their current form by natural evolution.  


XXVII.2 Factual accuracy of evolutionary theories is confirmed by extensive direct and indirect evidence.

XXVII.2.1 Paleontological finds show that individual monophyletic taxons have appeared gradually on the Earth, in the order that corresponds to their relationship deduced on the grounds of similarity.   

XXVII.2.2 Evolution of organisms from a common ancestor is also documented by the results of biogeography, i.e. the study of distribution of organisms across the Earth.   

XXVII.2.3 Further evidence for the evolutionary theory of the origin of species was offered by comparative anatomy and embryology through the study of homologies, rudiments and atavisms.  


XXVII.2.4 The proofs of opportunism in biological evolution, i.e. occurrence of suboptimal or clearly flawed designs of some organs, also prove the existence of biological evolution itself.  

XXVII.2.5 The consistency of phylogenetic trees obtained from the sequence of different genes and their consistency with trees obtained on the basis of classical traits also serve to confirm the evolutionary theory of the origin of species.   

XXVII.2.6 The most important proof supporting the accuracy of evolutionary theory of the origin of species is the harmony of findings obtained through independent approaches in the most varied fields.


XXVIII. HISTORY OF EVOLUTIONARY BIOLOGY


XXVIII.1 History of evolutionary biology can be divided in four stages, the period before Darwin, the period of classical Darwinism, the Neo-Darwinist period and the current post-Neo-Darwinist period.   


XXVIII.2 Lamarck is arguably the most important representative of evolutionary biology before Darwin.


XXVIII.3 Darwin presented several important and complementary evolutionary theories in his book “On the Origin of Species by Means of Natural Selection”.  


XXVIII.4 The period of classical Darwinism is characterized by the assumption of plurality of evolutionary mechanisms.  


XXVIII.5 Rediscovery of Mendel’s heredity laws and subsequent development of genetics, including population genetics, opened the door for the transition to Neo-Darwinism.  


XXVIII.6 The development of molecular biology brought the need to explain some evolutionary processes operating at molecular levels, that is outside the direct scope of selection.   


XXVIII.6.1 Sociobiology is an important branch that has differentiated within the intellectual framework of Darwinism.

XXVIII.7 The beginning of post-Neo-Darwinism is related to the work of G. C. Wiliams, W. D. Hamilton, R. Dawkins, J. Maynard Smith a S. J. Gould.


