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Fine-scale spatial genetic structure of a protected forest insect
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Both landscape features and intrinsic life history traits are the key features to 

understand how molecular diversity of a species is spatially distributed.

Knowledge of the connectivity within and outside nature reserves is needed, as 

protected areas often present lower habitat quality than surroundings, thus 

acting as a population sink maintained by dispersal from external sources.

The herbivore-host association formed by 

Graellsia isabellae (Lepidoptera, Saturniidae) 

and Pinus sylvestris (Pinaceae) in the National 

Park of Ordesa y Monte Perdido (NPOMP), 

its buffer zone, and surroundings was used as a 

model system.

G. isabellae is a protected moth (Habitats 

Directive) that mainly flies in montane forests 

of eastern Spain and French Alps. 
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Materials & Methods

· A mean of 22.3 individuals per site were collected from 13 sites.

· Patterns of genetic diversity accross the studies area were described 

using a set of 9 polymorphic microsatellite loci.

· Different bayesian approaches were used to: 

 estimate contemporary gene flow (BAYESASS)

 assign individuals to clusters (STRUCTURE, BAPS, TESS)

· We calculated pairwise FST between populations.

· Chord genetic distances were graphically represented by BARRIERS.

· Isolation by Distance was tested using the Mantel test by comparing 

the use of Euclidean distances with geographic distances adjusted 

to the flyway distance along P. sylvestris patches (IBDWS).

Figure 1. Pine forest map of the NPOMP and surroundings with sampling sites. Different 

colours correspond to the vegetation composition: P. sylvestris forests are indicated in 

red (Scots pine forest), green (pine-beech forest), and blue (pine-fir forest).

Figure 1: 

  · normal lines delimit 3 areas of high genetic differentiation identified by 

    BARRIERS,

  · dashed line separates 2 clusters obtained by BAPS,  

  · pie-diagrams show the proportion of individuals of each sampled site assigned 

    to each inferred cluster by STRUCTURE (K = 2),

  · arrows represent direction of significative migration rates from BUJ to DIA, 

     ORD, FON, BAN and ESC.

Figure 3:

  · Despite the overall low genetic differentiation (FST = 0.02), a clinal genetic 

    pattern was detected between western and eastern part of the national park.

Figure 4:

  · IBD explained better the variation in genetic differentiation between sites when

     using the adjusted geographic distance (Fig. 4 right).

 

Results

Figure 3. Spatial output from TESS: lighter yellow or darker red 

areas show the highest posterior probabilities of individual clustering.

Figure 4. IBD analysis using different geographical distances.

· Dispersal patterns in G. isabellae are dependent on topography, as 

the major barrier to gene flow coincides with the Monte Perdido 

massif (Fig. 1), and configuration of suitable habitat, as revealed 

by IBD and structure analyses.

· The genetic differentiation of ORD may bear a signal of past 

demographic and spatial changes, as detected with BOTTLENECK.

· BUJ, located in the buffer zone of the Park, act as a source of 

migrant individuals to the western localities.

· This connectivity within and outside the National Park emphasizes

the importance of considering buffer zones to preserve genetic 

diversity within natural reserves. 

Conclusions
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Figure 2. Non-lethal sampling of 

adult males of Graellsia isabellae.


