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importance of genetic variation

sciencedirect.com, Grant & Grant 2002 American Scientist



Bettina Arrigoni, CC BY 2.0, Wikimedia Commons

Hawaiʻi ʻamakihi 
Chlorodrepanis virens

importance of genetic variation



what affects genetic diversity?

sexual reproduction
mutations
gene flow

natural selection
genetic drift
inbreeding



action of genetic drift
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effects of inbreeding

Hemmings & Birkhead 2012
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inbreeding decreases:
• sperm quality
• embryo survival
• offspring survival
• seasonal breeding success
• lifetime reproductive success
• adult survival



inbreeding and hatching success

critically endangered
endangered

vulnerable
near threatened

least concern

IUCN 
category

conservation 
status

threatened
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Marshall et al. 2023



decline of hatchability and 
population size in an isolated 

population of the Greater Prairie 
Chicken Tympanuchus cupido

GregTheBusker, CC BY 2.0, via Wikimedia

translocation

Westemeier et al. 1998
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Source: IUCN

Briedis & Keišs 2016
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• 139 samples
• 9-11 microsatellite 

loci
• Biebrza and 

eastern Polesie
• 1990s and 2014



Biebrza Marshes
1997 N=22
2018 N=17

West Pomerania
1999 N=21

Insights into inbreeding, genomic diversity and 
effective population size in two populations of aquatic 

warbler

whole-genome sequencing (WGS), aquatic warbler 
reference genome, genomic markers (SNPs)

WGS



Biebrza Marshes
1990 N=32 
1993 N=53
1994 N=47
1997 N=69
2017-2018 N= 35
Dikoe Marsh
1999 N=16
2012 N=11

Zvanec Marsh
1999 N=13
2017 N=10
Sporovo Marsh
2017 N=6
Supii & Udai
2000 N=39
2011 N=23

Chełm Marshes
1998 N=18
2014-2015 N=20

PN Hortobagy 
2004 N=7

West Pomerania
1999 N=30

Nemunas Delta & Zuvintas
2017 N=25 & N=3

W Syberia (Omsk)
2000 N=2

Genetic structure and diversity in the past and current 
breeding range of the aquatic warbler

RAD-seq, , aquatic warbler reference genome, 
genomic markers (SNPs)

RAD-seq



1. What is the genetic diversity & inbreeding rate and have they 

changed over time?

2. What is the recent and historical effective population size? 

Was there a genetic bottleneck? 

3. Are the populations differentiated genetically? Has it 

changed?

4. Could isolation and lowered genetic diversity have 

accelerated extinction of West Pomerania?

aims



genomic diversity

% sites polymorphic

Biebrza 97 0.0054
Biebrza 18 0.0050
W Pomerania 99 0.0046

WGS



genomic diversity

source: public domain

hihi 
Notiomystis 

cincta
pi = 0.001

% polym. = 0.003

lowered adaptive 
potential

but diversity could 
be recovering;

more WGS needed

RAD-seq

de Villemereuil et al. 2019



genomic inbreeding
WGS



elevated inbreeding,
especially in W 

Pomerania

WGS

Frank Vassen, Wikimedia

Berthelot's pipit Anthus berthelotii
ROH >1Mb = 7327-137635
FROH = 0.025-0.313
Martin et al. 2023 



recent effective population size trajectory
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West Pomerania
in 1999:

955 (490-1861)

high genetic drift,
two bottlenecks?

WGS





recent effective population size trajectory
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West Pomerania
in 1999:

955 (490-1861)

WGS

high genetic drift,
two bottlenecks?

evolutionary 
potential at risk



recent effective population size trajectory
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Biebrza Marshes

in 1997:
14911 (3634-61166)

in 2018:
7383 (1911-28524)

WGS

strong recent 
bottleneck

continued Ne
decline?



Fst 0.000-0.001

genetic differentiation 1997-2004

How to interpret Fst?

0-0.05 none or low

0.05-0.15 moderate

0.15-0.25 high

>0.25 very high

Fst 0.004-0.006

Fst 0.016-0.017

Fst 0.020

Fst 0.002-0.004

Fst 0.004

Omsk-Zvanec, Dikoe, Chełm 0.008-0.011
Omsk-Biebrza, Supii & Udai 0.013-0.014

Omsk-Hortobagy, W Pomerania 0.024-0.027
weak 

differentiation

RAD-seq

remote populations 
more diverged

W Pomerania more 
isolated



genetic structure 1997-2004

one ADMIXTURE cluster

weak but clear 
separation of W 

Pomerania

RAD-seq



Biebrza – Dikoe

0.001 Ą 0.003

Biebrza – Chełm

0.001 Ą 0.005

Supii & Udai - Biebrza

0.002 Ą 0.008

Supii & Udai – Chełm

0.002 Ą 0.004

Supii & Udai – Dikoe

0.002 Ą 0.005

Fst 0.000-0.005
Fst 0.004-0.008

genetic differentiation 2011-2018
differentiation 

growing over time

large core 
populations are 

good donors



genetic structure 2011-2018

one ADMIXTURE cluster

RAD-seq

separation 
growing over 

time



conclusions
1. Low genomic diversity and high 
inbreeding – like in island birds!

2. Genomic diversity could be 
recovering – but more WGS 
needed to confirm.

3. Strong „recent” genetic 
bottleneck in Biebrza – and likely 
in the whole metapopulation.

4. Gene flow decreasing over 
time.

5. Maintaining connectivity in the 
metapopulation is a priority!

photo: Irene Arnaldos Giner



take home message for 
translocation
1. W Pomerania in 1999: lower Ne, two 
bottlenecks, high inbreeding, isolation.
2. Genetic factors could have enhanced 
its (near) extinction!
3. W Pomerania since 2024: higher 
isolation, founder effect – risk of genomic 
erosion!
4. Solution: extend habitat, restore 
stepping-stones, keep relatedness 
between translocated nests low.
5. The location of Zuvintas reduces the 
risk of a founder effect there.
6. Core populations are good donors. photo: Justyna Kubacka
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thank you for your attention!
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