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Introduction 
Habitat fragmentation, loss and alteration might not be the sole threats to amphibian population viability, 
but they are considered as some of the main causes of the declines. Human land-use has changed 
landscapes tremendously, progressively reducing sizes and increasing isolation of habitat patches for 
amphibian populations.  Effective dispersal is a crucial process in metapopulation persistence, both in terms 
of colonization-extinction dynamics and as a means to counter genetic drift and inbreeding in local demes. 

 We therefore investigated effective dispersal in a coastal dune metapopulation of 
Natterjack Toad (Epidalea calamita Laurenti). Because spatial landscape heterogeneity is 
expected to influence dispersal and genetic structure, we analyzed which landscape features 
affect functional connectivity and to what degree. 

Material and methods 
• Study site: the highly fragmented grey dune area on the West-Coast of Belgium where the last Belgian 

coastal metapopulation of Natterjack Toad resides.  

• Sampling tail clips of 256 larvae in 4 potential subpopulations + genotyping with 11 microsatellites. After 
removing members of the same full-sib family except one from the dataset, 152 individuals remained. 

• Population structure analysis: principal component analysis (PCA), a spatial PCA1 and the calculation of population 

differentiation (FST and Dest) 

• Detection of recent gene flow (GeneClass22 and BIMr 1.03) 

• Estimating genetic diversity, fixation index and effective number of breeders (Nb; sibship assignment method 

in COLONY 2.0.5.84,5 and linkage disequilibrium method LDNe with a bias correction6) 

• Landscape genetics: 

– Land use map NARA-T 2014 of Flanders + different categories of waterways, train and tramway tracks 
→ 16 land use classes that could influence dispersal 

 

 

 

 

 

 

 

 

 

 

 

 

– Resistance distances among locations calculated with Circuitscape7 (the distance metric is based on the 

circuit theory and takes the habitat configuration between samples into account). Euclidean distances were used 
for the isolation-by-distance (IBD) model. 

– Patch-based landscape genetics approach because of clusters of individuals per location/pond → 
mean inter-individual Rousset’s a genetic distances for each pair of locations.  But: reduced power + 
variable number of individuals per location 

→ Subsampling randomly max. 3 individuals per location  → mean genetic distances of 1000 subsets 

– Genetic distances ~ Resistance distances 

• Maximum-likelihood population effects parameterization8: linear regression with a residual covariance 

structure to account for the non-independence of pairwise distances → likelihood-ratio based pseudo-R² and the 
Akaike's information criteria corrected for small sample sizes (AICc) to evaluate the models 

• Regression of genetic distances ~ Moran’s Eigenvectors Maps9 → adjusted coefficient of determination R² 

(R²adj) 

Variation partioning: the proportion that is spatial and explained by the patterns in the resistance surface and the 

proportion that is spatial and explained by the sample locations and not by the resistance surface 

• The mean model results of the 1000 subsets were compared with those obtained by using the 
mean genetic distances of the total dataset as response variable 

Results 
 

 

• Low genetic differentiation among Ter Yde and Westhoek  

• Congruent with the observed genetic structure,  a high number of migrant alleles 
originating from Westhoek  in Ter Yde (with a min. distance of 8.5 km between them). 

• Few migrant alleles in the geographically intermediate subpopulation Noordduinen-
Oosthoek 

 

 

 

 

 

 

 

 

 

• Landscape genetics: both regression methods shared some resistance models among 
their best performing models. They entailed similar resistance models mostly with higher 
levels of contrast (exponent 4) and the smallest maximum resistance value tested (10), 
e.g. the following classification of land cover classes: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

• IBD was significant, but with a lower model fit  

• Because several models have a similar fit, some uncertainty remains on the influence of 
agricultural fields and roads. 

Conclusion 
• Natterjack Toads seem to have increasing difficulty to disperse in the order of open areas, 

to surfaces covered by vegetation with increasing height, and with the highest resistance 
delivered by urbanized areas.  

• Beach as dispersal route with dunes as corridors between Westhoek and Ter Yde 

• Noordduinen-Oosthoek: small, fairly isolated subpopulation with small and fragmented 
habitat + surrounded by the urban core of the city of Koksijde. Suggestions for 
management: 

– making the private gardens more toad friendly 

– creating dispersal corridors, e.g. toad tunnels 

–  maintaining current, active management (grazing, mowing, …) to preserve habitat 
quality and size 

More information on this study in: Cox, K., Maes, J., Van Calster, H. et al. Conserv Genet (2017) 18: 1359. 
https://doi.org/10.1007/s10592-017-0985-z 
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The effective number of breeders per subpopulation calculated 
with LDNe and COLONY. * This  estimate has an infinite 
confidence interval.   

Per subpopulation, the observed heterozygosity (Ho), the 
expected heterozygosity (He) and rarified allelic richness (Ar). 
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Resistance map  of the classification given above, 
with values raised to the 4th power and with 10 
as the maximum resistance value. 

Cumulative current (or “connectivity”) map 
calculated with Circuitscape.  

Sampling locations (triangles) are 
colored according to the results of 
the genetic structure analyses.  There 
are three subpopulations: Westhoek, 
Noordduinen-Oosthoek and Ter Yde.  
The direction of recent gene flow is 
shown by the green arrows together 
with  the proportion of migrant 
alleles  (modal values) calculated 
with BIMr.  

→ 60 raster maps with 10 x 10 m resolution 

to increase gene flow 


