VII Gene Flow

Gene flow XE "genový:tok" , that is the transfer of genes between populations, most commonly via migrating individuals, is an important factor in evolution. Depending on its intensity and on the structure of the population, it can either speed up evolution, or, on the contrary, slow it down significantly. Gene flow comes into play in moving organisms as well as in organisms that never leave their place in their lifetime, i.e. also in sessile animals and in plants. This is because in terms of gene flow, the most important parameter does not involve an individual’s mobility within the population of its species (vigility) but the ability of migration, i.e., the usual distance between places where a particular individual was born and where its offspring is born. Consequently, a pine-tree population spreading its pollen over large distances by wind has a much higher migration ability, and thus also a much more intensive gene flow, than a bat population whose members cover thousands of kilometers flying in their life, yet ultimately breed in the same cave in which they were born. It should be mentioned that in single-cell organisms, especially prokaryotic organisms, the gene flow between populations can take the form of transfer of the genes themselves, such as in a viral transfection. Analogical processes of horizontal gene transfer between individuals of the same species, as well as between different species, can occur in multicellular organisms too. In their case, however, the mobility of individuals tends to be much higher than the mobility of genes or viruses, making those processes practically negligible in the gene flow. This chapter studies the issue of migration in structured populations and the impact of gene flow on evolution processes inside populations and species. 

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

Each species has a particular geographic range. Within that range it exists in individual populations, some of which can be neighboring in terms of space while others can, on the contrary, be more or less isolated. Some populations are permanent, some gradually appear and disappear and some re-locate in space both in the long and in the short term, depending on how natural conditions evolve in time. Members of these populations interact, reproduction included, mostly within their own population, less frequently with the members of the neighboring populations and least frequently with the members of the most distant populations. Yet in many species an even subtler structure can be discerned within each population, forming subpopulations of individuals that are most likely to breed among themselves. These subpopulations are usually called demes. Thus, species tend to have a rather complex hierarchical structure, topped with a metapopulation, i.e. the largest population unit whose members still share a common genetic pool and can exchange genes with populations in their range via migrants, and a deme at the other end, whose adult members are most likely to breed among themselves.  

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

Metapopulations differ in both the intensity and the nature of migration occurring between their subpopulations. In some metapopulations the likelihood of migrant exchange between two subpopulations does not depend on their relative distance, while in others migrants are exchanged primarily between neighboring subpopulations (Fig. VII.1). Migration sometimes occurs along a specific line, such as a coastline, or it can spread in two dimensions, together with the gene flow, covering an area. In the latter case the rate at which for example a mutant allele spreads is substantially lower. Very often, one subpopulation produces a large number of migrants covering just a short distance, for example reaching only the neighboring subpopulations, and at the same time a smaller number of migrants migrating over long distances. Theoretical analyses show that a considerably small number of long-distance migrants is sufficient to bring the behaviour of a given system closer to the behaviour of a system in which elements interact over any distance. The big effect of a small number of long-distance migrants or a small number of individuals communicating with a large number of other individuals in the system is called the small-world network effect and the processes occurring in such systems are important for example in epidemiology  QUOTE "(Lloyd & May 2001;Liljeros et al. 2001)" 
(Lloyd & May 2001; Liljeros et al. 2001)
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. Migration between subpopulations tends to be very asymmetrical, some populations produce many migrants, while others produce few but accept large numbers of foreign migrants. Since migration often involves exclusively or at least primarily the members of just one sex or gamete (or gametophyte), such as pollen, the intensity of the gene flow on the autosomes, sex chromosomes and in the organelle DNA often varies. The nature of evolution processes is different in a metapopulation where the gene flow occurs between more or less permanent subpopulations and a metapopulation where subpopulations constantly disappear and migrants themselves make new ones appear (see VII.8.2)  QUOTE "(Shanahan 1998)" 
(Shanahan 1998)
. 

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

In many species, the production of migrants is a costly investment that may not seem very efficient. Many migrants die without offspring, many reach locations which are less favourable in terms of chances for survival. The answers to why many species nevertheless invest a large part of their reproduction potential into producing migrants were offered by Hamilton  QUOTE "(Hamilton & May 1977;Comins, Hamilton, & May 1980)" 
(Hamilton & May 1977; Comins, Hamilton, & May 1980)
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 (Fig. VII.2). By moving farther away from their parents, migrants reduce the chance of their offspring competing with their own family. Such situation is extremely beneficial from the point of view of individual inclusive fitness. Thus, an allele “programming” its bearer to produce primarily migrants will be preferred in the interallelic competition over an allele reducing the number of produced migrants in favour of non-migrant offspring production. Another advantage of investing in migrants consists in the fact that migrants have a non-zero chance of reaching an unoccupied location, and in the exponential rise of the newly established population produce more offspring in subsequent generations than the non-migrating individuals in the better conditions of the parent sub-population, which, though, are already occupied by the species.      

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

Certain types of organisms produce dormant (i.e. idle) stages that can last in the environment for a very long time. Spores of many microorganisms or seeds of some plants are typical examples of such dormant stages. It is known that the seeds of many plant species accumulate in the soil for long periods of time and only sprout once the particular location offers convenient conditions, for example after the forest in that location has been destroyed by fire. Just as migrants can transfer genes in space from one local population to others, even very distant ones, dormant stages can transfer genes from one generation to others, also very distant, in time. In a similar way as the heterogeneity of the environment and the ensuing heterogeneity of selection pressures can lead to differences in the genetic pools of two distant populations, the genetic pool of a local population can also gradually change as a result of changing local conditions. Migrants in space and migrants in time can thus introduce alleles into the genetic pool of the local population which do not occur there any more or which occur with a low frequency. In this way the gene flow in time facilitated by dormant stages can enhance genetic polymorphism of populations or hinder their optimal adaptation to local conditions (see below).  

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

Although it is the isolation of genetic pools which in principle determines the species, a number of species experience at least a limited gene flow from alien genetic pools by way of cross-breeding between species  QUOTE "(Veen et al. 2001)" 
(Veen et al. 2001)
, or, clearly in single-cell organisms in particular, by way of horizontal gene transfer. Interspecific hybrids and their offspring are usually less biologically fit than other members of their population and as a result tend to be gradually eliminated from the population by natural selection. Nevertheless, some genes from the alien species will remain in the genetic pool and may in the future become an important source of genetic polymorphism and hence also microevolutionary plasticity of the corresponding 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.  

There is a whole range of evolutionary processes that can advance only very slowly in non-structured panmictic populations. Fixation of many patterns of altruistic behaviour, for example, is, according to some theories, closely related to the existence of competing, gradually emerging and disappearing populations  QUOTE "(Kimura 1983a;Koella 2000;van Baalen & Rand 1998;Kerr & Godfrey-Smith 2002)" 
(Kimura 1983a; Koella 2000; van Baalen & Rand 1998; Kerr & Godfrey-Smith 2002)
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. The process of speciation, as well as the ability of members of a species to adapt efficiently to local conditions through evolution, again require the presence of structured populations. A population partly isolated in terms of reproduction, within which most evolutionary changes take place, is considered by some authors the basic unit of evolution, instead of the individual or the species. Thus, the gene flow, facilitating exchange of genetic information between populations, is likely to have a crucial and so far underestimated impact on the course of evolution  QUOTE "(Rieseberg & Burke 2001)" 
(Rieseberg & Burke 2001)
.

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

While within a metapopulation evolutionary novelties come primarily from mutation processes, within a population the gene flow is a much more likely and therefore more important source of novelties, such as mutated alleles. In a population, the incidence of migrants is usually much higher than the frequency of mutations, with each migrant contributing his entire genome, i.e. a large number of alleles that may differ significantly from the alleles present in that population. 


Gene flow and mutation processes as two sources of evolutionary novelties do not only differ in quantity. While an evolutionary novelty arising from mutation is in the absolute majority of cases harmful for its bearer, novelties acquired through migrants had already passed the natural selection test in another population and are therefore much more likely to be useful or at least selectively neutral.  

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

During its history, each population is exposed to the effects of natural selection which constantly eliminates individuals whose phenotype, and thus also the genotype, does not fit the local conditions. Genetic drift has a similar effect on the genetic pool of a population. These two processes constantly reduce the amount of genetic polymorphism in the population’s genetic pool. A genetically uniform population is in a worse position when it comes to evolutionary response to fast, often just short-term changes in the environment and can in this respect only resort to mutation as the source of selectable genetic variability. The gene flow constantly enhances the genetic polymorphism of local populations because via migrants it keeps supplying them with alleles that may had existed in them earlier but disappeared as a result of local selection pressures or genetic drift. Due to the fact that local populations exist in slightly different conditions and are therefore exposed to different selection pressures, the composition of their genetic pools can also be expected to differ. An allele which is not useful in one environment and is therefore eliminated from the genetic pool of the corresponding population by natural selection may be useful in a different environment and may therefore frequently and steadily occur in the genetic pools of other populations. As a result, migrants are very likely to introduce alleles which are not present in the host population or which are infrequent.      

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

Some metapopulations consist of local populations persisting in a given location in the long-term or relocating as a whole within the geographic range of the species. Individual populations exchange migrants but their genetic pools show long-term continuity in time. Other metapopulations, on the contrary, experience population turnover, i.e. a permanent emergence and disappearance of local populations (i.e. subpopulations). For example species that sustain themselves on temporary sources of nutrients (such as rotting fruit, carrion) or whose range is linked to intermittent successive stages of some biotopes (forest openings, puddles) create local populations existing for only a more or less limited and transient period of time in a given location and then disappearing. In the meantime, new locations suitable for the creation and existence of local populations appear in other parts of the range of the given species and some of these locations are eventually indeed colonized by representatives of the species. But it is the migrants who colonize new locations. The way in which new populations are founded, namely the genetic composition of the founding population, determines whether population turnover will further intensify or, on the contrary, weaken the process of maintaining the genetic polymorphism of local populations by gene flow (Fig. VII.3). If the founders of a new local population come from a small number of populations or just one single population, population turnover leads to a relative decrease in genetic polymorphism within local populations. On the other hand, if the founders come from a large number of local populations, genetic polymorphism of local populations in a metapopulation with higher population turnover could even be promoted. However, the size and genetic uniformity of the founding population does not in any way affect the overall amount of genetic polymorphism in the metapopulation, it only changes its distribution. Although populations with big genetic polymorphism of the founders’ population show bigger founding population polymorphism, genetic differences between local populations are actually smaller  QUOTE "(Harrison & Hastings 1996)" 
(Harrison & Hastings 1996)
.

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

Individual subpopulations can differ in the representation of the various alleles in their genetic pools. These differences can have for example historical reasons, each subpopulation was founded by a limited number of founders, while the representation of alleles in the population of founders may have varied significantly from their representation in the genetic pool of the species. Gene flow tends to gradually eliminate the differences in the representation of alleles. If a particular allele appears with p0 frequency in the subpopulation and with P frequency in the genetic pool of the whole metapopulation and if thanks to the structure of the metapopulation and the nature of migration migrants from all other subpopulations are equally likely to reach this subpopulation, then in the course of one generation the frequency of the given allele will change from p0 to p1:  
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with m being the intensity of the gene flow, namely the proportion of those copies of a given allele in the subpopulation which were introduced via migration within one generation. Thus the change in frequency
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The gene flow thus works to gradually reduce the differences in allele frequency between subpopulations and if there were no other evolutionary mechanisms operating in the opposite direction, such as selection, drift, evolutionary drives, mutations, the frequencies would ultimately be the same in the whole metapopulation (Fig. VII.4). 

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

Genetic drift is one of the most important mechanisms contributing to changes in the composition of the population’s genetic pool. If a population disintegrates into several partial populations isolated as regards reproduction, the drift effect gradually changes the frequency of alleles in each of these populations. Since genetic drift is a stochastic process, allele frequencies in the populations move in different directions. Mathematical model of the genetic drift suggests that genetic diversification should occur very fast in the populations. However, studies of real populations of the most varied animal and plant species have shown that the frequencies of alleles that can for some reasons be considered selectively neutral are in fact very similar in different populations  QUOTE "(Lewontin 1974)" 
(Lewontin 1974)
. It can be demonstrated that the uniformity of selectively neutral alleles within a metapopulation is most likely to be the fruit of gene flow. Calculations show that even a surprisingly small number of migrants can prevent subpopulations from diversifying genetically on account of genetic drift  QUOTE "(Wright 1931)" 
(Wright 1931)
. If we take two populations, each with the size of N, with an average frequency of the various gene alleles p, subject only to the effects of the genetic drift and exchanging a certain share m of their genes via migrants in each generation, then the average difference d in the frequencies of the relevant alleles between the populations, or more precisely its absolute value, can be calculated as follows:    
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For example, if we take populations of 10 000 individuals which exchange 10 individuals in one generation (m = 0.001) and which had a starting average allele frequency of 0.5 then at balance the average difference in allele frequencies will equal 0.156. Since m in the equation stands for the ratio of migrants to population size, the Nm term is equal to the absolute number of migrants and the effects of the gene flow consequently do not depend on the size of the population but only on the absolute number of migrants per generation. It follows that in terms of neutralization of the impact of the genetic drift, the same number of migrants will have a comparably strong effect on a population of 10 thousand as on a population of 10 million. Although that number will introduce a relatively smaller share of foreign genes into a large population, genetic drift in that population is also proportionally slower than in a small population.  


As early as in 1931 Sewal Wright deduced that an exchange of 1-2 migrants between partial subpopulations can prevent genetic differentiation and thus speciation of subpopulations within a metapopulation on account of genetic drift and will ensure that the metapopulation develops synchronically as a single evolutionary unit  QUOTE "(Fisher 1958)" 
(Fisher 1958)
. This conclusion has also been experimentally verified, for example, by studies of differentiation in red flour beetle populations  QUOTE "(Mcvean 2000)" 
(Schamber & Muir 2001)
.

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

Calculations show that if the diversification of subpopulations is the result of natural selection and not genetic drift, the number of migrants required to maintain the genetic cohesion of the metapopulation is substantially higher  QUOTE "(Gavrilets 2000;Rieseberg & Burke 2001)" 
(Gavrilets 2000; Rieseberg & Burke 2001)
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. If a dominant allele is being eliminated in a given local subpopulation by natural selection with intensity s, i.e. at the rate of ps per generation (p standing for the frequency of the allele in the subpopulation, s – selection coefficient), and at the same time it penetrates that subpopulation via gene flow at the rate of  (P – p)m from surrounding subpopulations (P standing for the frequency of the allele in surrounding subpopulations, m – intensity of the gene flow), any particular ratio of the selection and gene flow intensity can ultimately result in a balanced frequency of the given allele in the subpopulation 
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If selection is much stronger than the gene flow, the allele can practically disappear from the local subpopulation, and, analogically, if the gene flow is much stronger than selection, the frequency of the allele in the local subpopulation can very closely resemble its frequency in the surrounding subpopulations.


The intensity of gene flows detected in real populations is so high that even in case of plants a useful allele can spread considerably fast to all subpopulations within the whole range of a given species, allowing the species to behave as an evolutionary unit in terms of adaptive evolution. Subpopulations tend to differ in non-adaptive traits or in quantitative trait conditioned by the combined effect of a large number of low-effect genes, i.e. in low additive heredity traits that are difficult to select  QUOTE "(Rieseberg & Burke 2001)" 
(Rieseberg & Burke 2001)
.

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

While the impact of the gene flow is clearly positive in that it helps maintain genetic polymorphism and thus also the ability of the local population to optimally respond to changes in the environment, from the perspective of the population’s ability to adapt optimally to long-term stable conditions of a given environment its impact is rather negative. Microevolutionary adaptation of the population to local conditions is achieved by fine-tuning the frequency of the alleles in the population’s genetic pool. The frequency of the alleles introduced into local population’s genetic pool by migrants is that of the surrounding populations, which constantly tips the composition of the local population’s genetic pool off its optimal balance.  


It has been observed, for example, that a relatively isolated blue tit population living in the evergreen forests of Corsica nests later than the tit population on the continent, a beneficial behaviour in that particular environment because it makes the time of offspring feeding coincide with the peak insect rates in the evergreen forests. On the other hand, a minority tit population living in the same forests on the continent nests earlier, simultaneously with the tit populations living in the surrounding dominant deciduous forests, which makes the timing of its offspring feeding inconvenient in relation to insect rates in the relevant locations. It is assumed that gene flow from the surrounding populations prevents the populations on the continent from adapting optimally to the conditions of their local environment  QUOTE "(Dias & Blondel 1996)" 
(Dias & Blondel 1996)
.

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

Different types of organisms are only present in a specific limited area. This area is called the range of the species. In some cases the range is delimited by natural barriers, continent edge, mountain range, river. Quite often, however, we are not able to discern any natural barriers of the kind, natural conditions in the given territory changing more or less gradually. In species with discontinuous range, conditions in the individual areas of that range are often very different but local populations are able to adapt to these differences through microevolution. It follows from what has been stated above that the geographic delimitation of range is probably not the result of some natural abiotic barriers in the environment but rather of a biological phenomenon. One of the possible answers was already suggested in mid-twentieth century by Haldane XE "Haldane J.B.S."   QUOTE "(Haldane 1956)" 
(Haldane 1956)
. According to his hypothesis, spatial delimitation of ranges is the consequence of gene flow. As the natural, for example climatic, conditions gradually change within the range, local populations of the species adapt to these local conditions. The effect of natural selection which optimizes the composition of the genetic pool with respect to local conditions is, however, at the same time countered by the gene flow, introducing alleles from other populations’ genetic pools via migrants. These alleles tip the local population’s genetic pool composition off its optimal balance. Considering that populations are more numerous towards the centre of the range and less numerous towards its edges, the impact of migrants on the composition of local populations’ genetic pools grows with their growing distance from the centre. At a certain distance from the centre, local populations are so sparse that even a relatively weak gene flow can prevent their microevolutionary adaptation to local conditions. This is the distance at which the natural limit of the species’ range will be traced  QUOTE "(Garciaramos & Kirkpatrick 1997)" 
(Garciaramos & Kirkpatrick 1997)
.


This model also serves to explain the so called Rapoport’s rule  QUOTE "(Case & Taper 2000)" 
(Case & Taper 2000)
. According to this empirically obtained biogeographic rule, ranges of species living in low latitudes, meaning mainly tropics, are usually smaller than the ranges of similar species living in high latitudes. For species living near the equator, by rule, environment productivity falls as we move away from the centre of its range, that is from the equator, and consequently, the incidence of the local populations decreases, too. This means that the impact of gene flow on the composition of a local population’s genetic pool increases rapidly with growing distance from the equator, preventing microevolutionary adaptation of those populations to local conditions even at a relatively short distance from the centre of the range. On the contrary, species with ranges centered in high latitudes reach a more productive environment as they penetrate towards the equator and can therefore create more numerous populations in those areas. Consequently, the flow of genes from the centre of the range has lesser impact on the composition of local populations’ genetic pools and does not hinder their microevolutionary adaptation to local conditions. As a result of their higher microevolutionary plasticity, species of higher latitudes can on average have bigger ranges. Naturally, there are other explanations for Rapaport’s rule, such as the selection for broader environmental tolerance in species living in the less stable and rougher conditions of the higher latitudes  QUOTE "(Stevens 1989)" 
(Stevens 1989)
. 

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.  

There are relatively strong barriers to adaptive evolution in non-structured populations. This is because to modify the phenotype of organisms – a prerequisite for the change of environmental niche – the population must often pass through intermediate stages during which the organisms are already less adapted to use the old niche but not yet perfectly adapted to use the new niche. Another major obstacle to a population’s adaptive response to selection pressure lies in the genetic architecture of the phenotype traits, namely in the fact that alleles which in their dominant status or in combination with particular alleles in other loci help create a particular trait very often in their heterozygotous state or in combination with other alleles in other loci help create a completely different trait. The shifting balance theory formulated by Sewal Wright  QUOTE "(Wright 1931;Wright 1982)" 
(Wright 1931; Wright 1982)

 QUOTE ""  ADDIN REFMAN ˙\11\05‘\19\01\00\00\00\00\01\00\00*C:\5CProgram Files\5CReference Manager 9\5CMAIN1\03\00\046952\14Wright 1982 6952 /id\00\14\00 
 in the 1930s assumes that adaptive traits which cannot be fixed in a large non-structured population can more easily be fixed in a large structured population, i.e. in a population consisting of a large number of genetically and environmentally partly isolated populations (Fig. VII.5). Dividing the population into a series of relatively isolated partial populations will, among other things, change non-additive genetic variability into additive genetic variability  QUOTE "(Wade & Goodnight 1998)" 
(Wade & Goodnight 1998)
 (see also II.7) which can indeed serve as the material for directional selection. Wright believed that evolution of an adaptive trait in a structured population has in a way three stages. During the first stage, genetic drift in some small populations causes a shift in frequencies in favour of alleles which, in a particular combination, can condition a useful phenotype. During the second stage the relevant alleles, and thus the relevant phenotype, are fixed in some of these populations through natural selection. In the third stage, group selection by means of migrants infecting other populations or establishing populations causes the relevant alleles to spread newly throughout the metapopulation until they finally become generally fixed. Gene flow plays a crucial role in all three stages. In the first and second stage, high-intensity gene flow reduces the likelihood of useful trait fixation, in the third one, on the contrary, it increases that likelihood. Validity of this model has repeatedly been confirmed by a number of theoretic  QUOTE "(Barton & Rouhani 1993)" 
(Barton & Rouhani 1993)
 and empiric studies  QUOTE "(Katz & Young 1975;Wade & Goodnight 1991)" 
(Katz & Young 1975; Wade & Goodnight 1991)
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. However, some studies  QUOTE "(Schamber & Muir 2001)" 
(Schamber & Muir 2001)
 did not confirm the conclusions of Wright’s shifting balance theory quite so clearly and the theory is therefore still a subject of discussion  QUOTE "(Coyne, Barton, & Turelli 1997;Coyne, Barton, & Turelli 2000)" 
(Coyne, Barton, & Turelli 1997; Coyne, Barton, & Turelli 2000)
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. Its opponents mostly argue that the theory is too complex and that the rise of adaptive traits through directional selection can be explained by even the simplest model of Darwinian selection in a large non-structured population. Its advocates, on the other hand, respond by arguing that the simplicity or complexity of a theory cannot be the final criterion of its accuracy  QUOTE "(Peck, Ellner, & Gould 2000)" 
(Peck, Ellner, & Gould 2000)
 and that Wright’s theory can explain even the fixation of alleles which according to simple neo-Darwinian model of selection should not become fixed in large non-structured populations.   

Legends

Fig. VII.1 Migration between neighbouring or distant subpopulations. In a viscous population, i.e. a population of individuals with low mobility, migrants are exchanged exclusively or primarily between subpopulations neighbouring in space (a). Opposed to that is the situation where the likelihood of migrant exchange between any two subpopulations is approximately the same (b). A very common situation in practice is that most migrants come from near populations, with a non-zero likelihood of migration also occurring over very long distances (c).   

Fig. VII.2 Migrants’ contribution to individual biological fitness. The height of the bars shows the values of exclusive (a) and inclusive (b) fitness arising from the production of normal offspring (empty bars) and migrants (shaded bars) for thirteen members of a hypothetical population. In case of exclusive fitness, most migrants show zero biological fitness, i.e. they will never breed, yet some will achieve superior fitness. In real populations, the frequency of successful migrants can be far lower, so we might not pick them up in field research at all. When estimating biological fitness on the basis of inclusive fitness, the differences between normal offspring and migrants become rather smaller. If normal individuals remain near the place where they were born, they will most probably compete with their relatives and thus reduce their own inclusive fitness. On the other hand, the departure of migrants who will not breed makes the resources available for the relatives and thus enhances the migrants’ inclusive fitness.    

Fig. VII.3 Impact of the way in which new populations are founded on intrapopulation and interpopulation polymorphism. If subpopulations are always founded by a small number of individuals (a), the metapopulation shows a low degree of polymorphism inside partial populations, with major differences in the composition of the genetic pool of partial subpopulations. If the number of individuals founding the subpopulations is, on the other hand, bigger (b), population turnover increases polymorphism inside partial subpopulations and reduces the differences between subpopulations’ genetic pools. 

Fig. VII.4 Allele frequency in a subpopulation is restored to population-wide average. The frequency of the observed allele in the metapopulation is 0.5, its frequencies in partial subpopulations vary from 0.1 to 0.9 at time t = 0. The chart shows the dynamics of the frequencies in subpopulations being equalized with the population-wide average. The model assumes that the share of migrants in each generation represents 1 % of the size of subpopulation and that the subpopulations are of the same size and small compared to the size of the metapopulation.   

Fig. VII.5 Shifting balance model. If the biological fitness of a heterozygote or in general an individual with intermediate phenotype is lower than the fitness of both homozygotes, there is only a relatively small chance that the new allele (new phenotype) could become fixed in a large non-structured population, even in a case where the homozygote carrying the new alleles (new phenotype) would have higher physical fitness than the parental form. In a structured population, however, this fixation can occur through the mechanism described by the shifting balance model. In phase one, the population fragments and the abundance of partial subpopulations is reduced. In one small population, carriers of the new allele can prevail in numbers by chance and also by virtue of the generally low effectiveness of natural selection in small populations (see V.4). In phase two subpopulations become more abundant and the new allele then becomes fixed in the given partial subpopulation via natural selection. In phase three the new allele becomes fixed in the whole metapopulation via group selection. Subpopulations in which the new allele became fixed are more numerous thanks to increased biological fitness of their members and they therefore produce more migrants and found a greater share of new populations. Success of the new allele depends on a number of population parameters, especially on the relevant selection coefficients, on the nature of fluctuation in the size of populations and also on the way in which partial subpopulations emerge and disappear. If a new subpopulation is established by a large number of individuals coming from different subpopulations, the chances of the new allele becoming fixed are rather small. On the other hand, in a large non-structured population the chances of it becoming fixed are practically zero.       
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