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Why 
Genetic 
Diversity 
Matters

Genetic diversity is essential for the 
adaptability and long-term survival of species.

- Enhances resilience to environmental 
changes

- Reduces risk of inbreeding depression

- Maintains evolutionary potential

- Critical for effective conservation strategies



Genetic 
composition



Extinction 
Vortex
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Number of alleles, Allelic richness (A)

• Number of alleles per locus (often corrected for sample size)

• Indicates the potential for adaptive variation

• gl.report.allelrich()  # allelic richness, number of alleles

• gl.report.diversity( , table=“D”)

• gl.report.nall()   # bootstrapped number of allels    
           per sample size in a population



Number of alleles



Observed heterozygosity (Ho)

• Proportion of individuals heterozygous at a locus

• Reflects current levels of genetic variability

• Count numbers of 1s in the data set

• gl.report.heterozygosity(), gl.filter.heterozygosity

• gl.Ho



Observed heterozygosity (Ho)

• Using SNPs

• Schmidt et al.

• Sopniewski & Catullo



Expected heterozygosity (He)

• Probability that two alleles randomly chosen from the 
population are different 

• Key measure of within-population diversity

• gl.report.heterozygosity(), gl.filter.heterozygosity 

• gl.He



Unbiased He (uHe)

• He corrected for small sample size

• Important in small or fragmented 
populations

• gl.report.heterozygosity(), 
[gl.filter.heterozygosity()]



Hardy-Weinberg-Equilibrium



Hardy-Weinberg-Equilibrium
Assumptions of HWE:

1. Random mating
2. No mutation
3. No gene flow (migration)
4. Infinitely large population (no 

drift) 
5. No selection
6. Diploid, sexually reproducing 
organism
7. Non-overlapping generations

Why HWE Matters in Conservation:

• Baseline expectation for genetic variation.

• Deviations from HWE can indicate:
• Inbreeding → excess homozygosity
• Wahlund effect → hidden structure across 

subpopulations
• Genotyping errors (e.g., null alleles)
• Selection or migration influencing alleles

• Used to:
• Monitor genetic health
• Detect structure or fragmentation
• Validate data quality before downstream analyses

(Genotyping errors (e.g., null alleles, allelic dropout) 
Sample contamination or duplicates, Population 
structure (Wahlund effect), Inbreeding or selection)



Inbreeding FIS

• Probability of identity by descent within 
individuals

• High values indicate inbreeding risk

• FIS: gl.report.heterozygosity(): FIS

• F: gl.grm, gl.run.emibd9): F= (2*diag(xx)-
1)



Inbreeding FIS

FIS (inbreeding coefficient within subpopulations) measures the reduction in individual 
heterozygosity compared to what is expected under random mating within that 
subpopulation. It quantifies deviation from Hardy-Weinberg equilibrium due to inbreeding 
or assortative mating.

• FIS > 0 → deficit of heterozygotes (inbreeding or population substructure)

• FIS < 0 → excess of heterozygotes (outbreeding or selection)

• FIS ≈ 0 → random mating

• In conservation, FIS is used to detect signs of inbreeding and assess genetic health within 
populations.

• FIS: gl.report.heterozygosity(): FIS

• [F: gl.grm, gl.run.emibd9): F= (2*diag(xx)-1)]



Fixed differences/ private alleles

Private Alleles Fixed Alleles

Definition Alleles found only in one 

population

Alleles at 100% frequency in a 

population

Indicates Unique genetic variation or 

local adaptation

Loss of genetic variation or 

strong selection

Used for Assessing inbreeding, drift, 

or selection pressure

Identifying distinct 

populations or ESUs

gl.report.pa()
gl.fixed.diff()



Private alleles

Alleles unique to a single population

• Alleles that are found only in one 
population and absent in others.

– Indicate unique genetic variation.

– Help identify evolutionarily significant 
units (ESUs).

– Suggest limited gene flow or long-
term isolation.

– Important for prioritizing populations 
for conservation or breeding.



Private alleles



Relatedness 
vs Kinship

• gl.grm() or 
gl.run.emibd9()

gl.grm (Relatedness Matrix) EMIBD9 (Kinship Matrix)

Definition
Measures realized genomic 
relatedness between 
individuals

Measures expected IBD-based 
kinship between individuals

Typical Range
-0.5 to 1 (centered around 0 
for unrelated pairs)

0 to 0.5 (0.25 for siblings, 
0.125 for half-sibs, etc.)

Diagonal Values
Vary around 1 (self-
relatedness), can exceed 1

≈ 0.5 for diploid individuals 
with no inbreeding

Interpretation
Based on allele sharing, 
reflects realized genomic 
similarity

Classical pedigree-based or 
IBD-based probability of 
sharing alleles

Use Case
Estimating genomic 
relationships 

Inferring pairwise inbreeding 
or pedigree relationships

Statistical Basis
Built from SNP sharing and 
allele frequencies

Built from IBD segment counts 
or probabilistic IBD sharing 
estimates

Inbreeding Estimation
Inbreeding Estimation
F = GRMii − 1

Inbreeding Estimation 
 F = 2 × kinshipii − 1



Fst luis

• **Description:** Genetic differentiation among populations

• **Importance:** Detects structure; informs translocation 
decisions

• **dartR function or note:** gl.fst.pop()



Gst, G’st, Jost’s D luis

• **Description:** Alternatives or complements to Fst

• **Importance:** Address biases with highly variable markers

• **dartR function or note:** gl.fst.pop() or manual calculations



AMOVA (Φst) luis

• **Description:** Hierarchical analysis of variance in molecular 
data

• **Importance:** Quantifies structure at multiple levels

• **dartR function or note:** gl.amova()



Shannon or Simpson’s diversity luis

• **Description:** Entropy-based diversity measures

• **Importance:** Occasionally used to compare marker 
distributions

• **dartR function or note:** gl.report.diversity()



Effective population size (Ne)

Effective population size (Ne) is the size of an idealized population 
that would experience genetic drift or inbreeding at the same rate 
as the observed population.

• It is almost always smaller than the actual census size (N) due to 
factors like unequal sex ratios, variation in reproductive success, or 
population size fluctuations (Ne/Nc ~0.1-0.2).

• Target in conservation: Ne ≥ 50 (short term), Ne ≥ 500 (long term) 
(Franklin–Lynch rule)

• gl.LDNe() [Neestimator from Do & Waples 2016]



Why? Example Mahony’s Toadlet

A single 
population 
estimate  in 
time.

Recently discovered species 
(Clulow et al. 2016)

• Is it endangered?
• Was there a recent 

decline?
• If yes, what are the 
     reasons for that decline?

Usual approach:
• Estimate current 

population size



Example Mahony’s Toadlet

Recently discovered species 
(Clulow et al. 2016)

• Is it endangered?
• Was there a recent 

decline?
• If yes, what are the 
     reasons for that decline?

Usual approach:
• Estimate current 

population size
• Monitor for some years



Example Mahony’s Toadlet

Recently discovered species 
(Clulow et al. 2016)

• Is it endangered?
• Was there a recent 

decline?
• If yes, what are the 
     reasons for that decline?

Usual approach:
• Estimate current 

population size
• Monitor for some years
• Historic population sizes



Example Mahony’s Toadlet



Example Mahony’s Toadlet



fire
fragmentation
fungi
land use change

Example Mahony’s Toadlet



Overview

• The Canberra Grassland Earless Dragon “a recent decline due to urbanisation”

• Historical data
A) Have a hypothesis on the trajectory

• Population structure

• Missing data, How to filter
B) Preprare your data

C) Create and check the SFS

• Guesstimate L and mu 

• Estimate current Ne
D) Run epos and stairways

• Run several populations if you have them

• Run simulations to check if your data were good enough
E) Validate your trajectory Does it make 
sense?

• Scripts on posit cloudF) How to run



An example – The Canberra Grassland Earless 
Dragon

• A) Have your hypothesis on the trajectory
– The Canberra Grassland Earless Dragon
– “a recent decline due to urbanisation” [habitat loss, fragmentation]
– Historical data

• B) Preprare your data
– Population structure
– Missing data
– How to filter

• C) Create and check the SFS
• D) Run epos and stairways

– Guesstimate L and mu 
– Estimate current Ne

• E) Validate your trajectory Does it make sense?
– Run several populations if you have them
– Run simulations to check if your data were good enough

• F) How to run



Canberra Grassland Earless Dragon
Tympanocryptis lineata

• Once fairly common in the Canberra area

• Rediscovered in 1991 by Will Osborne

Ecology and conservation status



Canberra Grassland Earless Dragon
 

• before 1970 commonly 
found in urban areas of 
Canberra

• rediscovered in 1991 
by Will Osborne at sites
north and south of the 
airport

Osborne et al. 1993
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Canberra Grassland Earless Dragon

• Long term genetic data set (>15 years)

• Suspicion: decline  in the recent years (collapsed ~ 2007 in JW)



Canberra Grassland Earless Dragon
fragmentation

Southern CGED

Northern CGED

Jerrabomberra 
West



Canberra North

• Small for some time

• Was there are crash?



An example – The Canberra Grassland Earless 
Dragon

• A) Have your hypothesis on the trajectory
– The Canberra Grassland Earless Dragon
– “a recent decline due to urbanisation [habitat loss, fragmentation]
– Historical data

• B) Preprare your data
– Population structure
– Missing data
– How to filter

• C) Create and check the SFS
• D) Run epos and stairways

– Guesstimate L and mu 
– Estimate current Ne

• E) Validate your trajectory Does it make sense?
– Run several populations if you have them
– Run simulations to check if your data were good enough

• F) How to run



Population structure

• Necessary to identify a single populations

• snmf to identify structure within the samples of North 
Canberra

• after filtering: 6483 loci and 121 individuals [over the last 10 
years]



How to filter

• Aim: Site frequency spectrum based on high quality SNPs [low 
frequency bins are important]

– Filter for missing data (call.rate)

– [filter for reproducibility (dart)]

– Filter for read depth 

– Filter callrate for individuals [you want to reduce missing data]

• Missing data should be less than 5%, better 1%

• [Imputation for missing data ? Needs further exploration]



An example – The Canberra Grassland Earless 
Dragon

• A) Have your hypothesis on the trajectory
– The Canberra Grassland Earless Dragon
– “a recent decline due to urbanisation [habitat loss, fragmentation]
– Historical data

• B) Preprare your data
– Population structure
– Missing data
– How to filter

• C) Check the SFS
• D) Run epos and stairways

– Guesstimate L and mu 
– Estimate current Ne

• E) Validate your trajectory Does it make sense?
– Run several populations if you have them
– Run simulations to check if your data were good enough

• F) How to run



Coalescent –> SFS (Site Frequency Spectrum)

stable

expansion

decline

bottleneck

bin

bin bin

bin

Beichman et al. 2018



The SFS [Canberra North]

• Looke for a kind of exponential distribution

• Not much missing data

• Better more SNPs

• Better more individuals

• Fairly smooth curve



The SFS [Canberra North]

• Look for a kind of exponential distribution

• Not much missing data

• Better more SNPs

• Better more individuals

• Fairly smooth curve

!?



The SFS [Canberra North]

• Look for a kind of exponential distribution

• Not much missing data

• Better more SNPs

• Better more individuals

• Fairly smooth curve



An example – The Canberra Grassland Earless 
Dragon

• A) Have your hypothesis on the trajectory
– The Canberra Grassland Earless Dragon
– “a recent decline due to urbanisation [habitat loss, fragmentation]
– Historical data

• B) Preprare your data
– Population structure
– Missing data
– How to filter

• C) Check the SFS
• D) Run epos and stairways

– Guesstimate L and mu 
– Estimate current Ne

• E) Validate your trajectory Does it make sense?
– Run several populations if you have them
– Run simulations to check if your data were good enough

• F) How to run



Guesstimate L and mu 

• Mu: mutation rate  ~1e-8, [16.17e-9 for GED]

• L: length of the sequenced genome



Guesstimate L and mu 

• Mu: mutation rate  ~1e-8, [16.17e-9 for GED]

• L: length of the sequenced genome



Guesstimate L and mu 

• Mu: mutation rate  ~1e-8, [16.71e-9 for GED]

• L: length of the sequenced genome

– Tricky because of filters and restriction 
enzymes

–    mu * L = number of mutations

– Often used for dart L = 69 * nLoc [complete 
underestimate]



L * mu = number of mutations

• The good news: Being wrong here does not influence the 
trajectory

• The bad news: being wrong here does influence that x and y 
axis

L=nLoc(gl)*75 * 1 L=nLoc(gl)*75 * 1000L=nLoc(gl)*75 * 500



Estimate current Ne

• Idea: use linkage equilibrium to estimate current Ne and 
“adjust” L in such a way that the current Ne fits the trajectory

• L should be constant for different data sets of the species

• L <- nLoc(gl)*75*500  [500 = fudge factor]

• NeEstimator North Canberra

• Ne = 40

Ne = 40



Estimate current Ne

• Idea: use linkage equilibrium to estimate current Ne and 
“adjust” L in such a way that the current Ne fits the trajectory

• L should be constant for different data sets of the species 
(FF=500)

• South Canberra

• Ne ~ 25 
Ne = 25



Run epos and stairways [takes a minute]

• Canberra North


	Slide 1: Genetic Diversity in Conservation Key Indicators and Their Applications
	Slide 2: Why Genetic Diversity Matters
	Slide 3: Genetic composition
	Slide 4: Extinction Vortex
	Slide 5: Extinction Vortex
	Slide 6: Number of alleles, Allelic richness (A)
	Slide 7: Number of alleles
	Slide 8: Observed heterozygosity (Ho)
	Slide 9: Observed heterozygosity (Ho)
	Slide 10: Expected heterozygosity (He)
	Slide 11: Unbiased He (uHe)
	Slide 12: Hardy-Weinberg-Equilibrium
	Slide 13: Hardy-Weinberg-Equilibrium
	Slide 14: Inbreeding FIS
	Slide 15: Inbreeding FIS
	Slide 16: Fixed differences/ private alleles
	Slide 17:  Private alleles
	Slide 18: Private alleles
	Slide 19: Relatedness vs Kinship
	Slide 20: Fst luis
	Slide 21: Gst, G’st, Jost’s D luis
	Slide 22: AMOVA (Φst) luis
	Slide 23: Shannon or Simpson’s diversity luis
	Slide 24: Effective population size (Ne)
	Slide 25: Why? Example Mahony’s Toadlet
	Slide 26: Example Mahony’s Toadlet
	Slide 27: Example Mahony’s Toadlet
	Slide 28: Example Mahony’s Toadlet
	Slide 29: Example Mahony’s Toadlet
	Slide 30: Example Mahony’s Toadlet
	Slide 31: Overview
	Slide 32: An example – The Canberra Grassland Earless Dragon
	Slide 33: Canberra Grassland Earless Dragon Tympanocryptis lineata  
	Slide 34: Canberra Grassland Earless Dragon   
	Slide 35: Today
	Slide 36: Today
	Slide 37: Canberra Grassland Earless Dragon
	Slide 38: Canberra Grassland Earless Dragon fragmentation
	Slide 39: Canberra North
	Slide 40: An example – The Canberra Grassland Earless Dragon
	Slide 41: Population structure
	Slide 42: How to filter
	Slide 43: An example – The Canberra Grassland Earless Dragon
	Slide 44: Coalescent –> SFS (Site Frequency Spectrum)
	Slide 45: The SFS [Canberra North]
	Slide 46: The SFS [Canberra North]
	Slide 47: The SFS [Canberra North]
	Slide 48: An example – The Canberra Grassland Earless Dragon
	Slide 49: Guesstimate L and mu 
	Slide 50: Guesstimate L and mu 
	Slide 51: Guesstimate L and mu 
	Slide 52: L * mu = number of mutations
	Slide 53: Estimate current Ne
	Slide 54: Estimate current Ne
	Slide 55: Run epos and stairways [takes a minute]

