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ABSTRACT

Maintaining within-species genetic diversity is a critical goal of biodiversity conservation as it
determines a species’ ability to adapt to environmental change. Without human intervention, isolated
populations can only recover genetic diversity post-bottleneck through the accumulation of new
mutations over evolutionary timescales. Using recent estimates of mutation rates from major genomic
datasets across the tree of life, we modelled the recovery of genetic diversity post-bottleneck. We
found that mutation rates do not affect the recovery rate of genetic diversity, which instead is
determined by the effective population size (V.). For example, regardless of the mutation rate, an
isolated population with N. = 500 that experiences a 50% reduction in heterozygosity would require
~2,300 generations to return to 95% of its pre-disturbance level. In contrast, a bottleneck can lead to a
50% reduction in heterozygosity very quickly, taking just 30 generations for bottlenecks of N, = 20.
We also demonstrate that allelic richness responds quickly following the recovery of N, but argue that
this is unlikely to correspond to the recovery of evolutionary potential. Our results reinforce that
recovery via mutation alone is too slow to be effective within conservation timeframes, providing an
evolutionary context to genetic diversity loss.
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1 Determinants of genetic diversity

Maintaining global biodiversity is essential for the regular and reliable function of the world’s
agricultural, economic and health systems (Scheffers et al. 2016). Despite this, anthropogenic
influences continue to deteriorate ecosystems, leading to widespread losses in species (Cowie et al.
2022) and genetic diversity (Shaw et al. 2025). Fortunately, the importance of maintaining genetic
diversity is becoming increasingly recognised in global conservation policy. The United Nations
Convention on Biological Diversity (CBD) Kunming-Montreal Global Biodiversity Framework
(GBF) marks a significant improvement in this regard, introducing its support for the preservation of
genetic diversity of wild animals (CBD 2022). This includes Target 4 of the agreement that aims to
maintain and restore genetic diversity in order to maintain adaptive potential. Maintaining genetic
diversity has long been the key focus of conservation genetic projects and there are a suite of tools
available to management practitioners (Shaw et al. 2025). However, options available for restoring
genetic diversity in wild populations are much more limited.

During a population bottleneck, genetic drift erodes genetic diversity, leading to the loss of
evolutionary potential (Franklin 1980). This lost genetic variation can be summarised in two
components: the number of segregating sites in a population (quantified as allelic richness or
nucleotide diversity), and the evenness of their frequencies (quantified by expected heterozygosity,
also known as gene diversity) (Hoban et al. 2022). These measurements can be characterised together
using the site frequency spectrum (SFS), which plots the number of alleles at each frequency in a
population, to quantify the proportion of the genetic richness comprised by alleles at very low
frequency (rare alleles) versus those that are common in the population (Allendorf et al. 2012). For
example, both rare and common alleles contribute equally to genetic richness, but rare alleles have a
negligible impact on heterozygosity (Allendorf 1986). Maintaining both genetic richness and
evenness is required to maintain the evolutionary potential of a species (Allendorf et al. 2012), and
hence both should be measured to effectively describe the genetic composition of a population
(Hoban et al. 2022). Decades of theoretical and empirical studies have demonstrated that genetic
diversity is a good predictor of population persistence (Kardos et al. 2021) especially under changing
environmental pressures (Sgro et al. 2011). Thus, when recovering from a bottleneck, populations are
at an increased risk of extinction unless their genetic diversity can be restored.

In a closed population, the amount of neutral genetic diversity is determined by the rate of loss due to
genetic drift, which is inversely proportional to the effective population size (N), and by the rate of
gain of novel genetic variation through mutations, which occurs at # mutations per individual per site
per generation. Heterozygosity in a population can be estimated using the mutation-drift evolutionary
model (Malécot 1948, Kimura and Crow 1964), a well-established relationship that is described in
most textbooks on population and conservation genetics (e.g., Frankham et al. 2010; Hedrick 2011;

Allendorf et al. 2012). This model is often used to calculate the equilibrium heterozygosity for neutral
4Neu
4Ngu+1
case for threatened species experiencing population decline or post-decline recovery, genetic diversity

starts to move towards the corresponding new equilibrium level. The rate at which this diversity

sites as Hpq = (Kimura and Crow 1964). When population sizes change to a new N., as is the

approaches this new equilibrium, is determined by the relative sizes of 2N, and i When the two
values are sufficiently different, the rate of decay will be effectively controlled by only the smaller
component. For example, if a species had a high mutation rate and/or a very large effective population
size, such that 2N, > i, the rate of genetic diversity decay and recovery will be inversely

proportional to u (Nei et al. 1975). However, in a species with a low mutation rate and/or a small
effective population size, such that 2N, < ﬁ, the rate of genetic diversity decay and recovery will be

proportional to N, (Nei et al. 1975).

After a population bottleneck, the recovery of heterozygosity by mutation has been estimated to take
millions of generations (Nei et al. 1975; Lande & Barrowclough 1987). Based on these estimates,
many population and conservation genetic studies have considered mutation rates too low to
substantially contribute to the recovery of genetic diversity in threatened species, at least in the short
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term (Lacy 1987; Frankham 2022). However, these seminal papers estimated the recovery of diversity
in large populations using rough estimates of the genomic mutation rate, preventing robust estimation
of how long heterozygosity would take to recover for threatened species (Nei et al. 1975; Lande &
Barrowclough 1987).

Rates of germline single-nucleotide mutations have now been estimated for a diverse range of
eukaryotes in parent-offspring and mutation accumulation whole-genome sequencing studies (Wang
& Obbard 2023). These include estimates for 116 species, albeit with a skew towards mammals (48
species), with estimates of mutation rates falling between 107 and 10”7 mutations per site per
generation (Figure 1a). These precise estimates of mutation rates provide an opportunity to explicitly
model the recovery of genetic variation after population bottlenecks in a variety of non-model species
across the tree of life. Here we show that, across the known range of mutation rates, the rate of genetic
diversity recovery is solely driven by the population size, independent of species-specific mutation
rates. Hence, we provide the first universal estimates for the time required to recover genetic diversity
after various bottleneck scenarios, in order to contextualise the loss of deep evolutionary histories
over short timeframes commensurate with current biodiversity declines. Our results reveal the
permanency of genetic diversity losses and highlight the critical need for intervention methods that
prevent further loss, or in some cases even increase genetic diversity, to ensure the long-term survival
of populations and species.

2 Response of genetic diversity during population-size changes

Using the generalised formula for the inbreeding coefficient (the probability that two randomly
selected alleles in a population are identical) while considering genetic drift and mutation (Wright et
al. 1931; Malécot 1948; Kimura & Crow 1964) we can derive an equation for heterozygosity as a
function of time (generations) as a population moves towards equilibrium (Nei et al. 1975).
Heterozygosity, as a proportion (or multiple) of equilibrium heterozygosity (Hyeq), can be modelled in
terms of time (t, generations), the starting heterozygosity, also as a proportion (or multiple) of the
equilibrium heterozygosity (Hoxq), the effective population size (N,) and the mutation rate (u).

Heeq = 1= (1= 24 (1= 352 ))(1 = Hozeq) M

When calculating this equation in a population with N. = 500, for a range of mutation rates, we
confirm that the time taken to recover heterozygosity in a population is largely unaffected by the
mutation rate, except when mutation rate is very high (> 10 mutations/site/generation; Figure 1b).
This means that for the estimated range of germline mutation rates (10'°-107
mutations/site/generation; Figure 1a), the mutation rate has no impact on the recovery of genetic

diversity in a population with N. = 500. For this range of mutation rates, 2N, > i only occurs when

the effective population size is > 10°~10°, meaning that the mutation rate will only affect the rate of
heterozygosity recovery in very large populations. For most species, and particularly those of
conservation concern, effective population sizes are smaller by several orders of magnitude; therefore,
the rate of genetic diversity recovery, and loss, is not governed by their species-specific mutation rate.

Based on the mutation-drift evolutionary model, we propose a simplified equation for heterozygosity

1 . . . .
when 2N, < R which applies to most populations of conservation concern.

Hejeq =1~ (1= 75) (1= Hoje) @

2N,
The full derivation can be found in the Appendix. Over many generations, Hy /.4 approaches 1 (H;

t
approaches Heq) as (1 — — approaches zero. The rate of decay (1 — L) determines the rate at
2N, 2N,

which the population approaches equilibrium, with the rate being higher for smaller effective
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population sizes (N, ). The difference between the starting heterozygosity and the equilibrium
heterozygosity (1 — Hy/¢q) also impacts how quickly the heterozygosity approaches equilibrium.

Using this model, we can estimate the recovery of heterozygosity after a bottleneck. A population
with N. = 500, starting with 50% of the equilibrium heterozygosity, takes ~1600 generations to restore
diversity to 90% of pre-disturbance level and ~2500 generations to increase diversity to 95% pre-
disturbance level (Figure 1b,d). We can also estimate the rate of loss of genetic diversity during a
population bottleneck. When starting with a population with N. = 500 at equilibrium heterozygosity, a
population reduction to N, = 20 will result in the loss of 50% of heterozygosity in only 30 generations,
with 80% lost in 80 generations (Figure 1c). With an effective bottleneck size of 5, 50% of the
heterozygosity is lost in only 7 generations and 80% in 16 generations. The rate at which genetic
diversity approaches equilibrium is determined by the N. of the population. This explains why genetic
diversity can be lost quickly when A, is reduced during a bottleneck but is recovered slowly after N,
increases. This also explains why more severe bottlenecks with smaller N, lead to the faster loss of
genetic diversity, although they are also approaching a smaller equilibrium value (Figure 1c). These
patterns draw attention to the long-term evolutionary consequences of population bottlenecks on
heterozygosity.

At mutation—drift equilibrium, genetic richness (e.g., allelic richness) and evenness (e.g.,
heterozygosity) are correlated, but richness is expected to approach equilibrium more quickly after a
change in population size (Nei et al. 1975, Allendorf 1986). Modelling the gain and loss of genetic
richness is more challenging than for heterozygosity (Greenbaum et al. 2014), but the effects of
bottlenecks on both measures can be observed from genetically explicit forward simulations (Haller &
Messer 2023). Results from simulations show that mutation rate does not impact the recovery of
heterozygosity nor allelic richness (Figure 2a,b). Our simulations also confirm that allelic richness is
generally recovered and lost at much faster rates than heterozygosity (Figure 2c). Following a
population decrease, allelic richness is lost faster than heterozygosity for a bottleneck size of N. = 50
(census population size). In more extreme bottlenecks (N. < 10), however, heterozygosity can be lost
at a similar rate to allelic richness (Supplementary Figure 1). This initial change in richness is driven
by a decrease in the number of alleles at very low frequencies (rare alleles), which contribute
negligibly to heterozygosity (Figure 2d). Throughout the bottleneck, the SFS shows that the rapid loss
of genomic richness after a bottleneck is driven by the disproportionate loss of rare alleles (Figure 2d).
More common alleles are lost more slowly, as the SFS returns to its equilibrium distribution. A
similar pattern can be observed during the recovery of diversity following a bottleneck. Shortly after
the population size returns to N.= 500, the rapid increase in allelic richness is predominantly driven
by an increase in the number of rare alleles. It is not until these new alleles drift to higher frequencies
and the SFS returns to equilibrium, over a much longer timeframe, that heterozygosity starts to
recover.

Although the recovery times estimated here are too long for conservation management programs to
consider, they also represent minimum bounds for the recovery of sufficient diversity for population
persistence. Here we have used N. = 500 in our calculations for the recovery of diversity following a
population bottleneck, because it is widely regarded as a benchmark for the minimum effective
population size in conservation management (Franklin 1980). However, it has been noted that N. =
500 does not guarantee sufficient genetic diversity for persistence and that larger effective population
sizes (1,000-5,000) are preferred for long-term genetic stability (Frankham et al. 2014). The recovery
time for heterozygosity scales directly with N., such that recovering the genetic diversity of a
population with N. = 5,000 would take 10 times longer than in a population with N. = 500. Thus, our
estimates represent a lower bound for the recovery time of genetic diversity to healthy levels.

3 The restoration of evolutionary potential

As the recovery of heterozygosity occurs over long timescales, genetically depleted populations will
show reduced evolutionary potential in the short term. We have also shown that allelic richness
recovers quickly following an expansion in population size, but also that this is unlikely to correspond
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to an equivalent increase in evolutionary potential. Standing genetic variation is thought to be more
important for adaptation (Barrett & Schluter 2008), because de novo mutations start at a low
frequency (one copy), while older variants have had time to reach higher frequencies in a population,
either through drift or selection. Furthermore, older variants have reduced linkage disequilibrium (are
present on more diverse genetic backgrounds) softening selective sweeps (Barrett & Schluter 2008).
Standing genetic variation can also increase the likelihood that de novo mutations produce new
phenotypes, leading to increased evolvability (Tenaillon & Matic 2020). These results suggest that
allelic richness is the better indicator of recent demographic processes, and that heterozygosity is the
better indicator of the evolutionary potential in a population.

Although we have only demonstrated the timescales for the recovery of neutral diversity, our
estimates are likely to provide lower limits for the recovery of non-neutral diversity. The genetic
variation that is most likely to contribute to future adaptation are mutations that are neutral or nearly
neutral in the current environment and which may provide fitness benefits under future conditions
(Barrett & Schluter 2008). Weakly deleterious variants will behave as “effectively neutral” in small
populations and hence will recover at rates similar to those of neutral alleles. Some proportion of non-
neutral diversity is selected against, so its recovery is expected to be slower than that of neutral
diversity (Willi et al. 2006). Therefore, we expect that the recovery of evolutionary potential occurs
over a timescale similar to or longer than that of neutral diversity, suggesting that our estimated
recovery times are lower bounds.

4 Case study: The demise of the iconic Australian koala

We illustrate the permanency of genetic diversity loss in a threatened species via empirical data for an
iconic Australian marsupial, the koala (Phascolarctos cinereus). Land clearing across almost the
entire east coast of Australia, along with fur trade in the 1900s and ongoing disease epidemics, have
driven large reductions in koala population sizes, especially in the southern parts of their range
(Adams-Hosking et al. 2016). Recent genomic analyses have found that the Victorian population with
N. =19, contains 58% of the heterozygosity present in the North Queensland population with N, =
250 (McLennan et al. 2024).

We can use the framework presented here to calculate the time that would be needed for the Victorian
population to recover to the equilibrium heterozygosity, if the N of this population were
hypothetically increased to 500. If we assume that the equilibrium value when N, = 500 is at least that
seen in the North Queensland population, then we can use Hy/oq = 0.58 as an upper estimate of the
starting heterozygosity in Victoria. We can then use a rearrangement of formula (2) to estimate the
time needed for Victoria to regain 90% of the heterozygosity present in a population with N, = 500
(i.e., when Hy/oq = 0.9). In isolation, the Victorian population would take 1435 generations, or ~
10,000 years (assuming a generation time of ~7 years) to recover to 90% of this equilibrium genetic
diversity from natural mutations alone (full working in Appendix). Our results highlight the need for
other measures, such as translocations, to improve the genetic diversity and hence the evolutionary
potential of this population.

We have also shown that the easiest way to maintain evolutionary potential is to limit how much is
lost during population bottlenecks. Two koala populations in New South Wales have similar effective
population sizes to Victoria (N. = 27-28) but have not yet experienced the same level of genetic
diversity loss (McLennan et al. 2024). This suggests that population retractions in New South Wales
occurred more recently, and recovering /. in these populations has the potential to prevent the loss of
diversity to Victorian levels.

5 Conclusion: so what can we do?

Genetic diversity is being lost by species on a global scale (Shaw et al. 2025); here we have
demonstrated that the natural evolutionary process of mutation is insufficient to restore genetic
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diversity in threatened species. The permanent loss of historical genetic diversity and evolutionary
potential is concerning, especially considering the speed at which selective pressures are currently
changing. Human-mediated interventions are required to reduce the extinction risk of threatened
species and a number of current management practices are able to maximise the maintenance of
evolutionary potential with the remaining diversity (Bolam et al. 2023). Recently threatened species,
or those with longer generations, may have experienced bottlenecks for a short number of generations,
meaning that they have not yet lost a substantial amount of genetic diversity (Nei et al. 1975).
Increasing the effective population size for these populations is required to prevent the loss of
diversity. Genetically depleted populations can be recovered by increasing the connectivity to, or
direct supplementation from, other genetically diverse populations (Clarke et al. 2024) and concerns
about outbreeding depression are often overstressed (Chan et al. 2019). Through this method, the
effective population size of the entire population can be increased, rather than genetic drift reducing
the diversity in each population separately. Assisted gene flow from populations adapted to future
climate conditions can further enhance resilience (Aitken & Whitlock 2013).

In cases where there is depleted genetic diversity in the entire species, the only remaining pathways
for genetic diversity recovery are more drastic but less proven, and in some cases controversial.
Assisted introgression or interspecific hybridisation can introduce valuable genetic diversity to a
threatened species and help preserve at least part of the original species’ genome (Chan et al. 2019).
Finally, introducing historical or novel diversity to the most severely depleted species through
synthetic biology may represent a last resort option (Kosch et al. 2022). Our results demonstrate the
effective permanency of genetic diversity losses, which highlights the critical need for rapid
intervention methods that prevent further loss, or even increase genetic diversity, to ensure the long-
term survival of species.
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(a) Frequency histogram of published mutation rates for multicellular organisms, from the database
assembled and updated by Wang and Obbard (2023). (b) Number of generations required to recover
90% of the equilibrium heterozygosity in a population with N.= 500, starting with 50% of the
equilibrium heterozygosity. This graph uses a rearrangement of formula (1) which calculates
heterozygosity as a function of time, the effective population size and the mutation rate. This graph
shows the effect that mutation rate has on the time taken to recover heterozygosity, with there being

. 1 . . . . .
no effect for low mutation rates (when 2N, > o ), but a negative relationship for higher mutation

rates (when 2N, < i ). Yellow shading indicates the range of estimated mutation rates for

multicellular organisms, as seen in panel a). The red dashed line indicates u = 0.0005, which is when
2N, = i for N. = 500. Around this value both N, and y impact the recovery of genetic variation. (c)

Loss of heterozygosity during a population bottleneck, calculated using formula (2). The plot shows
the loss of genetic diversity in a population with various bottleneck sizes, starting at the equilibrium
diversity when N.= 500. The y axis shows heterozygosity divided by the equilibrium heterozygosity
for N. = 500. (d) Recovery of heterozygosity after a population bottleneck, calculated using formula
(2). The plot shows the gain of genetic diversity in a population with N.= 500, starting at 10%, 50%
and 80% of the equilibrium heterozygosity (blue, orange and green respectively). The y axis indicates
heterozygosity, divided by the equilibrium heterozygosity at N, = 500.
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281 FIGURE 2

282  Simulations of the loss and recovery of diversity during and after a population bottleneck. Simulations
283  were run with an initial population size of N. = 500 before the population was reduced to N. = 50

284  (bottleneck) for 100 generations, followed by a return to N. = 500. Ten replicate simulations were run
285  for each scenario. Heterozygosity and allelic richness were averaged across replicates, with pale

286  ribbons indicating 95% confidence intervals. (a) Mean heterozygosity across replicates, for three

287  different mutation rates (107, 10, and 10® mutations/site/generation) with a bottleneck size of N, =
288  50. (b) Mean allelic richness across replicates, for three different mutation rates (107, 10, and 10~
289  mutations/site/generation) with a bottleneck size of Nc = 50.  (¢) Comparison of the loss and

290 recovery of allelic richness (dashed line) and heterozygosity (solid line) during and after a bottleneck.
291 Simulations were run with a mutation rate of 10®. (d) Site frequency spectra at five time points

292  through the simulation. Pre-bottleneck, the population is in mutation—drift equilibrium and the SFS
293  has an equilibrium distribution. At 20 and 90 generations after the population-size reduction, there has
294  been a large decrease in allelic richness which is predominantly driven by the loss of low frequency
295  alleles. At 150 generations, shortly after the population-size recovery, there has been a large increase
296  in allelic richness which is predominantly driven by the gain of low-frequency alleles. At 2000



297  generations, drift has had enough time to allow the frequency of rare alleles to increase in the
298  population and the SFS returns to its pre-bottleneck equilibrium distribution.
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Appendix to: Genomic data confirms that mutation cannot
restore genetic diversity lost through population bottlenecks
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1 Derivation of H;, H;/., and ¢

1.1 Deriving a formula for Heterozygosity as a function of time as it moves
towards equilibrium (H;)

We want to derive an equation for H; (the heterozygosity at generation t) in terms of ¢ (generations)
for constants p (mutation rate) and N, (effective population size). First we will work with F; (the
inbreeding coefficient at generation t) because the equations are simpler, before converting to H; using
the equation: H; =1 — F}.
The generalised formula of the inbreeding coefficient based on genetic drift and mutations was
derived by Crow and Kimura (1964) as:
(1—p)?*  (1—p)?@2N.—1)

F, = F,_
t oN. T oN, =1

We recognise that his equation is in the form of the truncated geometric series: F; = a+bF;_1, where:

(1—p)? (1—p)*@2Ne — 1)
“= N, " 2N,
Based on the geometric series formula, if an equation is in the form F; = a + bF;_; then we can
make a formula for F} in terms of time (¢) and the inbreeding value at t = 0 (Fp): Fy = % + b Fy

Substituting into the geometric series formula and then simplifying we get:

1—p)? 1—p)?(2N.—1
oS (N ) e - DY
t= (WPEND) * 2N, 0

(1—p)? (((1—u)2(2Ne—1))t 1) t
2N, 2N, - 1—p)?(2N, -1
n (( 1)*( )) 7

(A=p)? 2N, 2N,
oN. (QNE —1- (1—u)2) ‘

-w*eN-D\" ) :
() (e nyy,

2N,
QNC_I_W 2NE
1—)2@N.~1)\!
(et | (12N, 1))
F = - sv— T M2N Fy
2Ne=1-qoje 2Ne— 1= ‘
(1 - p)* (2N, — 1>>t ( 1 1
Ft—< sv T Lo | — 2N,
2Ne 2Ne—1—m QNE_I_W

We can calculate the Heterozygosity (Hy) from the inbreeding coefficient (F}) using the equation:
H,=1-F; (and Hy = 1 — Fp) which gives us:

1 1
+1— Hy) —
(2Ne — 1 — 20s3)

(1 — N)2(2Ne B 1))75(

2N,
2N, 2N, —1— ((=mE

thl_((

)




which simplifies to

(1—p)?(2N. — 1), 1 1
)" (Ho — v, — D1 2N,
2Ne 2Ne717ﬁ (2N8717W)

In the main text we show that for all known metazoa, mutation rates are very small and therefore
the square of this number is very very small. We can simplify this equation using approximations
assuming that g is a very small number and p? =~ 0

Ht:(

1 1

( -y
Hy = ( )(Ho— ooy~ —D+1+ v )
2N, 2N, — 1 - 2 (2Ne =1 - 7753)
which simplifies to
1 4N, 4N,
Hy = ((1—2p)(1 — =)' (Ho — . s
o= (=20 = o ) Ho = G 2, Y AN v 1o

When considering the gaining of heterozygosity towards the equilibrium, this could be better ar-

ranged as:
4N,

T AN, +1-2u

4N,
AN, +1—2u

Hy = (1 =2u)(1 = 55=))( Hy) (1)

2N,

This equation demonstrates that there is a exponential decay of the difference between the starting
and equilibrium heterozygosity value. The rate of this decay is determined by (1 — 2u)(1 — ﬁ)
where the impact of N, and i depends on their relative sizes. When ﬁ > 2u the recovery time is
proportional to N, (the time to recover 90% of equilibrium heterozygosity starting at zero (H, Jeq = 0)

is &~ 4.6N.), but when ﬁ < 2p the recovery time is proportional to % (the time to recover 90% of

equilibrium heterozygosity starting at zero (Hgeq = 0) is = LI5) " Note that in the main text, we

rearrange these parameters so that both sides of the equation are larger than 1 and easier to think
about (ﬁ > 2N, instead of ﬁ > 2u).

We can then graph this formula over a range of mutation rates, to see the influence of this parameter
(Fig 1b in main text). You can use this equation to test the influence of different values of y and N,
and plot how neutral genetic diversity changes as a population moves towards equilibrium.

For the known range of genome-wide metazoan mutation rates (102 — 10~7), most populations,
and especially those of conservation concern, will have small enough populations such that ﬁ > 20
and the time that is required to approach equilibrium heterozygosity is independent of the mutation
rate. Hence we can further simplify this equation to:

AN p 1

_ ( AN
4N+ 1 2N,

ANep+1

)'( Ho) (2)

t

1.2 Deriving a formula for the change in Heterozygosity as a proportion of
the equilibrium heterozygosity as it moves towards equilibrium (#,,.,)

We have shown that the mutation rate does not impact the time it takes for a population to approach
equilibrium for most species, however the mutation rate does impact the equilibrium heterozygosity
value. It could then be useful to consider heterozygosity in terms of the proportion (or multiple) of
the equilibrium heterozygosity, which allows us to predict a universal recovery of heterozygosity across
all species. To do this, we convert Hy and H; into Hy/e, and Hy/.q by dividing by the formula for
equilibrium heterozygosity given in Crow and Kimura (1964).



Hy

HO/eq =

H,
H., = 4]\[45\7% (from Crow and Kimura 1964)
Hojes = Ty
()

We can then substitute this into equation 2
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You can use this equation to plot how neutral genetic diversity changes as a population moves
towards equilibrium.

We can rearrange this formula to easily calculate the time taken to gain or lose a certain amount
of heterozygosity

1
Ht/eq =1- (1 - 2N, )t(]- - HO/eq)
1 1—H,,
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Calculating how long heterozygosity takes to recover following a population bottleneck:
We can use 4 to calculate the time required for the Victorian population of koalas to recover to 90% of
the equilibrium diversity (Hy/.q = 0.9) if the effective population size was increased to 500 (N, = 500).
In this example, the Victorian koalas are starting with 58% that estimated in the Northern Queensland
population which is likely a conservative lower limit for the equilibrium diversity (Hg/c, = 0.58).

1-0.9
t: —_—

ln(l—

1
2x500

= 1435 generations

DOUBLECHECKING: To double check that we haven’t messed up the algebra, see if after
the assumptions, formula 2 can be used to derive the same equilibrium formula as Crow and Kimura
(1964).

)" — 0 because |(1 — 2u)(

1 1
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. 4Ncp 4N p
1 H(t) = (0)(Hy —
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This is the same formula derived by Crow and Kimura (1964).

IF WE ONLY USE THE APPROX FOR u2 EQUALS 0: Then we get the following
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