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“The number of breeding individuals in an idealised population that 
would show the same amount of dispersion of allele frequencies 
under random genetic drift or the same amount of inbreeding as the 
population under consideration.”

Ronald Fisher and Sewall Wright
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https://en.wikipedia.org/wiki/Idealised_population
https://en.wikipedia.org/wiki/Allele_frequency
https://en.wikipedia.org/wiki/Genetic_drift
https://en.wikipedia.org/wiki/Inbreeding
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unequal sex-ratios 

chromosome (organelle) linkage 

number of progeny (k≠2) 

variance in offsprings (Vk≠2) 

fluctuation in population size
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Vkf: variance in number of progeny of females 
Vkm: variance in number of progeny of males

Ne = 8N
Vkf +Vkm +4

Many species are not monogamous and 
therefore differ in the number of offsprings. 
When males mate with more than one 
female, Vk is likely to be different for females 
and males.

 4



Population Genetics ▷ Effective Population Size

HS18 | UniBas | JCW 

Ne = 8N
Vkf +Vkm+4 =

8N
2+2+4 = N

In an idealised, random mating population … 
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For many animal species, the variance of progeny number in males is 
expected to be larger than that for females. For example, according to the 
Guinness Book of World Records*, the greatest number of children produced 
by a human mother is 69; in great contrast, the last Sharifian Emperor of 
Morocco is estimated to have fathered some 1400 children! The current use 
of sperm donors can also result in males with many progeny. 

* http://www.guinnessworldrecords.com/world-records/3000/most-prolific-mother-ever

Vkf < Vkm
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http://www.guinnessworldrecords.com/world-records/3000/most-prolific-mother-ever
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http://www.guinnessworldrecords.com/world-records/3000/most-prolific-mother-ever
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The inbreeding coefficient of an individual (F) is the probability that an 
individual has two alleles at a locus that are identical by descent. It 
measures the amount of inbreeding by comparing the observed frequency of 
heterozygotes (Ho) in the population to the frequency expected under 
random mating - Hardy-Weinberg (He).

!11

Ho ≈ He → F = 0

In a panmixic population the observed (Ho) and the expected  frequency of 
heterozygosity is not significantly different.

F = 1− Ho

He



Population Genetics ▷ Mutation

HS18 | UniBas | JCW 

In the irreversible mutation model the allele frequency 
decreases over time depending on the mutation rate.

pt : frequency of allele A after t generations
p0 : starting frequency of allele A
µ : muation ratept = p0 1− µ( )t

"12

The mutation rate in an ideal the population equals zero and 
the allele frequency does not change from one generation to 
the next.

µ = 0→ pt = p0
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pt = p0 1− µ( )t
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mutation_rates <- c(0.001,0.005,0.01,0.015)

res.mutation <- data.frame(mu = rep(mutation_rates, each = 100),
                      Generation = rep(1:100, times = 4),
                      p = NA)

for(mu in mutation_rates) {
  py <- 1
  res.mutation$p[ res.mutation$mu == mu ] <- py
  for( t in 2:100 ){
    p.0 <- res.mutation$p[ res.mutation$mu == mu & res.mutation$Generation == 
(t-1) ]
    p.1 <- p.0*(1-mu)
    res.mutation$p[ res.mutation$mu == mu & res.mutation$Generation == t ] <- p.1
  }
}
res.mutation$mu <- factor(res.mutation$mu)
ggplot(data = res.mutation, aes(x=Generation, y=p)) + geom_line(aes(colour=mu), 
size=1.5)
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In the irreversible mutation model the allele frequency 
decreases over time depending on the mutation rate.

pt : frequency of allele A after t generations
p0 : starting frequency of allele A
µ : muation rate
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The mutation rate in an ideal the population equals zero and 
the allele frequency does not change from one generation to 
the next.

µ = 0→ pt = p0

pt = p0e
−µt
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Island Mainland Model

An island-mainland model is a simple formulation of a population model. 
There is a large mainland with allele frequency (px) and a small island 
population with allele frequency py. For each generation, a fraction m of 
the alleles from the mainland arrive on the island. The island population is 
composed of the fraction of alleles that stay on the island (1-m) and the 
ones that newly arrive from the mainland (m).
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p1 = p0 1− m( ) + mpm
m: proportion of migrants (migration rate)
⇒  1-m( ) :  proportion of non-migrants

alleles that did not migrate new alleles
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m = 0→ p1 = p0

Island Mainland Model
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migration_rates <- c(.01,.05,.10,.15)

res.migration <- data.frame(m = rep(migration_rates, each = 100),
                      Generation = rep(1:100, times=4),
                      p = NA)

for( m in migration_rates) {
  py <- 1 
  pm <- 0 # frequency mainland
  res.migration$p[ res.migration$m == m ] <- py
  for( t in 2:100 ){
    p.0 <- res.migration$p[ res.migration$m == m & res.migration$Generation == (t-1) ]
    p.1 <- (1-m) * p.0 + pm * m
    res.migration$p[ res.migration$m == m & res.migration$Generation == t ] <- p.1
  }
}

res.migration$m <- factor(res.migration$m)
ggplot(data = res.migration, aes(x=Generation, y=p)) + geom_line(aes(colour=m), size=1.5)
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migration_rates <- c(.01,.05,.10,.15)
results <- data.frame(m=rep(migration_rates,each=100), 
                      Generation=rep(1:100,times=4),
                      p=NA)
for( m in migration_rates) {
  px <- 0
  py <- 1
  results$p[ results$m==m ] <- py
  for( t in 2:100){
    p.0 <- results$p[ results$m==m & results$Generation == (t-1) ]
    p.1 <- (1-m)*p.0 + px*m
    results$p[ results$m==m & results$Generation == t ] <- p.1
  }
}
results$m <- factor(results$m)

ggplot(data = results, aes(x=Generation, y=p)) + geom_line(aes(colour=m))



Population Genetics ▷ Migration (Gene flow)

HS18 | UniBas | JCW "21

"Populations inhabiting novel environments, such as at range limits, 
should be considered collectively for their potential to produce novel, 
adaptive genetic combinations. In the race to facilitate species tracking of 
rapidly changing climates, prescriptive gene flow among range limit 
populations may represent a form of genetic rescue that increases the 
evolutionary capacity of range limit populations to respond to 
rapidly changing selective regimes." 
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Biochemical pathway of vitamin C synthesis in 
vertebrates. 

1. UDP-glucose pyrophos- phorylase (EC 2.7.7.9) 
2. UDP-glucose dehydrogenase (EC 1.1.1.22) 
3. UDP-glucuronidase (EC 3.2.1.31) 
4. Glucoronate reductase (EC 1.1.1.19) 
5. Gluconolactonase (EC 3.1.1.17) 
6. L-gulonolactone oxidase (GLO, EC 1.1.3.8) 
7. L-gulonate 3-dehydrogenase (EC 1.1.1.45)

Source: Drouin et al. (2011) The Genetics of Vitamin C Loss in Vertebrates  
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Heterozygosity Genetic Distance

Genetic Drift ↑ ↓ no ↑ ↓ no 
Imbreeding ↑ ↓ no ↑ ↓ no 

Mutation ↑ ↓ no ↑ ↓ no 
Migration ↑ ↓ no ↑ ↓ no 
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Heterozygosity Genetic Distance

Genetic Drift ↓ ↑ 

Imbreeding ↓ ↑ 

Mutation ↑ ↑
Migration ↑ ↓ ↑ no 
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Extinction vortex is caused by a 
positive feedback loop (Gilpin and 
Soule, 1986).  

Gilpin ME, Soulé ME (1986). "Minimum Viable 
Populations: Processes of Species Extinction". In 
M. E. Soulé. Conservation Biology: The Science of 
Scarcity and Diversity. Sinauer, Sunderland, Mass. 
pp. 19–34.
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