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1. Context: 

1. habitat loss and fragmentation 

2. endangered species 

3. Social and spatial structure 

 

2. The importance of structure 

1. reminder 

2. there is hope 

 

3. Or maybe there isn’t 

 

 

Outline 



   

FOREST HABITATS : 10-20 % TOTAL SURFACE 

90% of vertebrates depend on forested habitats 

Large size lemurs have disappeared 

MOST present-day lemurs are threatened in Madagascar 

HABITAT LOSS AND FRAGMENTATION IN MADAGASCAR 

1950 1985 



Habitat fragmentation and loss 

as a temporal process 

time 

ALSO A SPATIAL PROCESS: population structure 

time 

time 
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Coalescent tree: 

 

Height = 4N gen. 

STANDARD COALESCENT (STATIONARY POPULATION) PREDICTS  

* SHAPE OF THE GENE TREE / GENEALOGY 

* PATTERNS OF GENETIC DIVERSITY 



GENETIC DIVERSITY  

WHEN POPULATION SIZE CHANGES 
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TIME 

POPULATION SIZE CHANGES / DEMOGRAPHY  

* SHAPE OF THE GENEALOGY 

* PATTERNS OF GENETIC DIVERSITY 



Present 

Past 

TIME 

GENETIC DIVERSITY  

IN THE CASE OF GENE FLOW 

POPULATION STRUCTURE AND GENE FLOW 
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1. Population structure can mimic bottleneck signals 

 

2. The signal is particularly strong when  

1. Genetic differentiation is high (gene flow is limited) 

2. Genetic diversity is high 

3. The number of loci used is large 

 

3. The effect is less important when more than one 

population is sampled 

 

4. Asymetrical gene flow, social structure ? 

Population structure and  

Population size changes 



How should populations be modelled? 



Integrating social structure in pop gen models 

PhD defence:  

26 April 2016  

Fac. Ciência Univ. Lisboa 



INTEGRATE SPACE AND TIME: 

SINS: (Simulating INdivivuals in Space) 
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EXPANSION 

(Neolithic) FRAGMENTATION 



COMPARATIVE ANALYSES ACROSS 

SPECIES AND REGIONS 



Understand the properties of genetic data 

under simple structured and population size 

change models 
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Structured symmetrical island model (StSI) 

versus  

Single step population size change (SSPSC) 

n-island 

Wright (1931) 

Population size 

change 

Present Past 

N 

alpha*N 

alpha < 1 

alpha > 1 



1. If population structure mimics bottleneck signals, 

doesn’t that mean that structured populations cannot 

be summarised by a single effective size ? 

 

2. When is the concept of effective size useful and 

biologically meaningful ? 

 

3. Gene flow = 0  Infinite Ne ? 

 

4. What about Asymetrical gene flow, social structure ? 

Population structure and  

Population size changes 



Li and Durbin (2011): THE PSMC 

(Pairwise Sequentially Markovian Coalescent) 



Li and Durbin (2011): THE PSMC 

(Pairwise Sequentially Markovian Coalescent) 

J Prado-Martinez et al. 2013 





What history of population size change would we 

infer in a n-island model without population size 

change? 

1. Simulate under any model  

2. Compute this statistic (IICR: Inverse Instantaneous Coalescence Rate)  

3. Plot the IICR 



What history of population size change would we 

infer in a n-island model without population size 

change? 

Comparison with the PSMC: 

Pop structure 

NO population size change 



What history of population size change would we 

infer in a n-island model without population size 

change? 

n = 50 islands 

M: number of migrants 



What history of population size change  

would we infer? 

Simple validation: 

No pop structure 

Just population size change 



What history would we infer  

under more complex models? 

Pop structure 

Change in gene flow 

No Pop size change 

Pop structure 

No change in gene flow 

Increase in pop size 



Human evolutionary history with structure and 

changes in migration rates? 



CONCLUSIONS AND PERSPECTIVES 

• Genomic data increase our ability to do inference but 

under the wrong model (wrong family of models) they may 

be misleading 

 

• Still preliminary: we need to move towards inference of 

population structure (this is already done to some extent) 

 

• Our models are very simplistic: no change in the number 

of islands, and pop size. 

 

• How other aspects of population structure (social, spatial, 

asymetrical gene flow) should be integrated remains an 

under-studied area. 





Estimation of the number of islands (n)  

And ratio of population size change (alpha) 

A
lp

h
a
 =

 1
0
 

n
 =

 1
0

 



Data simulated under the SSPSC 



There is information in genomic data to separate 

two simple models (pop structure versus pop 

size change) 

 

But there are “deep” connections between model 

parameters: the number of islands is “similar” to 

the population size ratio: 

 

 

 

 

 

What about more complex models ? 



Why Madagascar? 



HOTSPOTS   

Earth’s 35 

Richest and  

Most Endangered Ecoregions 



bilocality matrilocality patrilocality 

Future: 

 

Integrating 

various mating 

systems 



Various scenarios of 

habitat fragmentation 





   



SIFAKAS 

(Propithecus) 

P. verreauxi 



Still much to study 

Russ. Mittermeier for these pictures 


