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CENTRAL DOGMA OF CONSERVATION GENETICS 
 

Genetic diversity is beneficial, hence worth preserving 

to the greatest extent 

Conservation of biodiversity ultimately depends on the 

conservation of genetic diversity and increasing genetic variance 

enhances the probability of population survival. 



Will the rate of adaptive evolution at least match the rate of 
environmental change, allowing populations to persist? 

UNCERTAINTIES??? MONITORING!!! 



Conservation of 
Forest Genetic 
Resources  

Designating a forest as a 
protected area, does not 
shield it against climatic 
change 
 
Dr. Werner Kurz, Keynote Speaker, 
IUFRO2019 

►Maintain genetic diversity 
► Designate protected areas 
 



Need for 
maintaining 
FGR greater 

than ever 



Biosphere integrity may be more at risk in particular 
areas 

Mediterranean: biodiversity hot spot, ~ 30% 
endemic species 

 

 



Greece is a 
Biodiversity 

Hotspot 
●One of the most species-rich 
European countries 
● >7000 plant taxa (~ 20% 
endemics)  
● 28% of the land base is 
included in the Natura 2000 
Special Areas of Conservation 
● Greek forest tree populations 
present significantly higher values 
of polymorphism and 
differentiation when compared to 
average values reported in the 
international literature 

Aravanopoulos et al. 2019. Adv. Global 
Change Res. 65: 73-86.  
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Target: “identify components of 
biological diversity” & “monitor 
through sampling & other techniques 
the components of biological 
diversity” 

 
Focal area: “Reducing the rate of loss 
of the components of biodiversity, 
including … genetic diversity” 

 
Indicator: “Trends in genetic 
diversity”  

1992 



AIM OF GENETIC MONITORING 
 
 

To assess the current status of 

genetic resources and quantify 

relevant changes at a temporal 

scale in light of preserving long-term 

adaptive evolutionary potential 

●Study instrument. 
 
● Early detection 
value 
● Strategic tracing 
value 
● Prognostic value. 
 
● A means to secure 
the conservation of 
processes that 
maintain genetic 
variation & adaptive 
evolutionary 
potential in natural 
populations. 

1st Lesson for Tropical Trees: Need 

to monitor in order to know how 

much diversity is there and if it is 

temporarily maintained. 
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Indicator Verifier 1-2 Y 5 Y 10-15 Y 

Selection age/size class distribution √ 

reproductive fitness – mast years (% of filled 
seeds, % of germination)  

√ 

regeneration abundance √ 

mortality / fructification √ 

FST outlier analysis √ 

Genetic drift genetic diversity (allele/genotype 
frequencies,, NA, P, HE, HO,, FIS, FST) 

√ 

 

effective population size (NE) √ 

allelic richness √ 

latent genetic potential √ 

Gene flow  outcrossing /actual Inbreeding rate √ 

Genetic Monitoring Parameters, Indicators & 
Verifiers 

Aravanopoulos 2011, 2016 





Critical differences in genomic monitoring parameters at the 
evaluation of temporal changes: 

 
Indicator Verifier Critical Difference 

Selection age/size class distribution 2 standard errors 

reproductive fitness – mast years (% of 
filled seeds, % of germination)  

> 50 % 

regeneration abundance > 50 % 

mortality / fructification > 50 % 

FST outlier analysis > 25 % 

Genetic drift genetic diversity (allele/genotype 
frequencies,, NA, P, HE, HO,, FIS, FST) 

> 25 % 
 

effective population size (NE) < 50 (absolute value) 

allelic richness > 25 % 

latent genetic potential > 25 % 

Gene flow  outcrossing /actual Inbreeding rate >10 % 

Aravanopoulos 2011, 2016 



Minimum Sample Size Considerations: 

• Plot size: 4 ha & Nreproducing plants ≥50 (NE ≥ 50) 

• Sample sizes: 

– Nreproducing plants  50 

– Nloci  100 (SNP) ( 20 SSR) 

– Nseeds  1000 (for Indicator-I) 

– Nseeds  300 (for Indicator-II genetic analysis out of 
the Indicator-I sample) 

• Number of populations : evaluation of  10 
populations (GCUs) / species (preferable). 

• Temporal frequency: one evaluation / 10-15 Y   

 

 

 

Aravanopoulos 2011, 2016 





Bajc M, Aravanopoulos FA, Westergren 
M et al. (eds) 2020. Manual for Forest 
Genetic Monitoring. Silva Slovenica 
Publ., Ljubljana. 



Bajc M, Aravanopoulos FA, Westergren M et al. (eds) 2020. Manual for Forest Genetic Monitoring. 
Silva Slovenica Publ., Ljubljana. 



Data 

• Species involved: Abies borissi regis, Castanea sativa, Fagus 
sylvatica, Quercus petraea, Quercus robur, Pinus nigra and 
Prunus avium. 

• Use of 11-26 SSR loci in different cohorts (mature and juvenile 
trees). 

• Average time internal between assessments is 12.9 years.  

 

Initial results 

• A. borissi regis and Fagus sylvatica indicate maintenance of 
genetic diversity over time, but a slight drop of Ne in the 
juvenile cohort of hybrid fir compared to the mature trees. 

 

Forest Genetic Monitoring in Greece 



• Genetic monitoring is paramount for the evaluation of 
forest genetic resources; it forms an invaluable tool for 
future ecosystem protection & sustainable management. 
This is particularly important for ecosystems that are 
already exposed to climatic change.  

• The development of time series data for genetic 
monitoring has been pending for a long time in temperate 
forests. 

• The genetic monitoring proposed is a comprehensive and 
unified scheme that can be globally applied.  

• Its application presents a twofold benefit: enhancement of 
genetic conservation and risk assessment based on 
prognosis for all forests. 

Perspectives for Genetic Monitoring in 
Applied Forestry 
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