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Introduction 

 

The tetraploid cytotype of rustyback fern (Asplenium ceterach L. ssp. ceterach) was the 

model species to investigate population processes. This subspecies colonised the Carpathian-

basin during the warming period followed the Pleistocene. According to the cp-DNA and 

nuclear sequence analysis neither of the endemic diploid population of the Carpathian-basin 

could have been the progenitor of these tetraploids. Their immigration could be the result of 

few independent colonization steps from somewhere else.  The population genetic studies 

revealed that the tetraploid populations can be characterized with low level of polymorphism 

and fixed izoenzyme patterns. The genetic variation is rather distributed among populations 

and not within them. The detection of isolation by distance was unsuccessful at that level, but 

the correlation between the genetic and geographic distances is supposed to be at finer scale. 

This question was tried to be answered by investigating the finer scale spatial pattern of a 

tetraploid Asplenium ceterach population on the St. George Hill, in the Transdanubian 

Mountains. 

 St. George Hill has special geomorphological features that makes the habitat suitable for 

analysis of spatial structure related to geomorphological subunits. The spatial points of the 

study site can be separated into suitable and the unsuitable sites. Consequently the gene flow 

has geomorpological obstacles and these spatial hierarchical subunits can appear in the spatial 

genetic structure of the population.  

 Several times in conservation biology and ecology there is not any preliminary genetic 

information on the target species or there are no usable specific and polimorphic primers in 

hand. The application of RAPD markers was a reasonable choice for spatial analysis, since it 

has not needed any preliminary information and supposed to be polimorphic at species level. 

The ploid level of the studied species is also crucial problem in the analysis, since there is no 

mathematical model that describe a polyploid population based on dominant markers, like 

RAPD. Since spatial and multivariate statistical analysis methods were applied for analysing 

the data. 
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The questions to be answered: 

▪ Is the population a homogenous genetic unit?  

▪ Is there any detectable gene flow between the subpopulations?  

▪ Are variables spatially autocorrelated?  

▪ What is the distribution of genetic similarity like within the population? Are there any 

separate subgroups of individuals in the population? 

▪ What is the probability distribution of the multilocus-phenotype like within the population? 

▪ Are the genetic variables independent of each other in the multilocus-phenotype? 

▪ Is the mean genetic distance autocorrelated? Does the geomorphology of the habitat 

influence the mean genetic distance? 

▪ Does it change according to orientation of the distance vector? 

▪ Is RAPD polimorphism suitable for the detection of spatial genetic pattern? 

 

 

 

Materials and methods 

 

1. Sampling design and the spatial coordinates of individuals 

437 individuals were sampled from four southern, two eastern and a western subpopulations. 

The individuals were positioned by GPS coordinates in the 3D space. 11 GPS reference points 

were converted to EOV coordinates and height, according to the Digital Terrain Model of the 

St. George Hill (DTM) in meters. This network was constructed by measuring the length (in 

meters), the angle of inclination, and the azimuth of the vectors between the neighbouring 

individuals. 

 

2. Molecular genetic analysis 

The whole genomic DNA were extracted from leaves with DNeasy Plant Mini Kit. Special 

DNA standard was prepared from fern genomic DNA for DNA quantitation. For PCR 

reactions 10bp random primers were applied (OPA-7, OPA-19, OPB-18, OPK-9, OPK-19, 

OPP-4, OPP-5, OPP-14). 2.625 bands per primer were selected for further analysis. Finally 21 

binary variables were used to determine the multilocus-phenotypes of the individuals.  
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3. The genetic distance 

The polimorphic RAPD bands were used for the estimation of genetic distances. The 

calculation based on simple matching and Nei and Li coefficient.  

 

4. The applied statistical methods 

 

▪ Spatial distances of individuals 

The spatial distances can be calculated based on the coordinates. From the distance matrix the 

frequency distribution can be drawn as histograms. 

 

▪ Genetic structure of the population 

The principle component analysis was carried out and the analysis was repeated on 

permutated datamatrix as well.  

The frequency distribution and the dendrogram of original datamatrix and of the datamatrix 

with permutated variables were compared. 

The distribution of multilocus-phenotype were calculated. The group size of identical 

multilocus-phenotypes can be compared with group size of random data set. 

χ2-test was applied to identify if variables/phenotypes are independent in the multilocus-

phenotypes. 

 

▪ Spatial pattern of the variables  

The distribution of phenotypes among subpopulations were checked with homogeneity test. 

The test of proportion was used to compare the distribution of spatial distances between 

individuals with identical phenotypes and of the individuals of the whole population. The 

variogram of each variable were constructed.  

 

▪ Spatial patterns of the subgroups of individuals 

The spatial distances between individuals that merged at the most 0.15 or 0.4 Nei and Li 

genetic distance (subclusters) were compared to the spatial distances measured within the 

whole population.  

The spatial positions of the individuals of the subclusters were plotted according to the first 

two coordinates of space. 
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▪ The relationship between genetic and spatial distance 

The mean genetic distances of the geomorphological subunits of decreasing size were 

calculated. The mean genetic distances between adjacent individuals and between individuals 

from the whole population were compared. The fine scale dependence of genetic dissimilarity 

on spatial distance was studied by omnidirectional and directional variograms.  

The difference of spatial autocorrelation according to slope were checked with Wilcoxon-test.  

The dependence of similarity between subpopulations on geographical distance was examined 

by Mantel-test. 

 

Results 

 
▪ Genetic structure of the population 

The points representing the individuals of the population were appeared as one point cloud on 

the scatterdiagram resulted from the principal component analysis. There were not any 

separate subgroups of individuals but the points were arranged by subpopulation membership 

along the first component. 

The population dendrograms had more distinct clusters than that of the dendrograms of the 

random data, so individuals could be separated into subgroups based on genetic similarity. 

In the distribution of multilocus-phenotypes the size of clusters were larger than the clusters 

of the random data. The variables were independent of each other in the multilocus-

phenotypes. 

 

▪ Spatial pattern of the genetic variable. 

The distribution of the variables between the subpopulations deviated significantly from the 

expected pattern.  

The distances measured between the same phenotypes was significantly smaller than 100m. 

Neither of the variables displayed autocorrelated pattern. 

 

▪ Spatial patterns of subgroups 

The distances between individuals with identical or close multilocus-phenotypes were 

significantly smaller than 10m.  
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▪ The relationship of spatial and genetic distance 

The smaller was the geomorphological subunit the smaller was the genetic distance between 

individuals. 

The adjacent individuals’ mean genetic distance was significantly smaller than that of the 

individuals of the whole population.  

Mantel-test showed significant correlation between genetic and geographic distances of the 

subpoulations. 

The distance dependence at fine scale was shown by variograms. The spatially dependent part 

was 30% relative to the overall variation. The range was 12 m. According to the Wilcoxon’s 

rank sum test, the indviduals which were located closer than one meter and were separated by 

a slope steeper the 75 degrees, were genetically more similar to each other than those which 

were separated by less steep slope. 

 

 

Discussion 

 

 The identical or closely related MLPs are considered as the geneological connections 

between sporophytes and spores (intrapopulation dispersal) and between gametophytes and 

sporophytes (fertilization). Since the intrapopulational distribution of the genetic variation is 

affected by reproductive properties and spore dispersal of the species. Inheritance and mating 

system render the genetic material that is spatially spreaded by spores.  

 The clusters of the dendrograms are more distinct than that of the random data and the 

distributions of the cluster size of identical multilocus-phenotypes show that the individual 

bands are not independent from each other and there are more similar individuals than 

expected from random pattern. This would not be possible without significant 

intragametophytic selfing that yield RAPD marker co-inheritance. Consequently, 

intragametophytic selfing must play an important role in the formation of the genetic pattern 

of the population. At the same time, the population lacks the sharp distinction between 

lineages that would also indicate the importance of genetic recombination events. The 

mulitlocus-phenotype frequency distribution shows that the bulk of the phenotypes are 

unique. The spatially constrained genetic similarity indicates that the Asplenium ceterach ssp. 
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ceterach reproductive system comprises frequent intragametophytic (or intergametophytic) 

selfing, altered by occasional crossings. 

 Since fertilization can occur exclusively within few cm-s, spore dispersal provides spatial 

dimensions for the genetic pattern. The dynamics of this process determines the spatial 

distance between parents and offsprings. The variogram analysis detected a spatially 

constrained portion of the variation of the multilocus RAPD phenotypes. The cca. 30 percent 

spatial dependence of dissimilarity inside a range of 11-13 m unambiguously showed the 

importance of short-distance spore dispersal in the genetic pattern formation. Since in 

addition to the frequent intragametophytic selfing, the bulk of spores fall close to the mother 

plant. 

 Wind or rainwater are dispersal agents for spores. While wind and the launching of spores 

from the sporangium do not have necessarily a special spatial orientation, rainwater can wash 

the spores vertically along the cracks and rock surfaces. Wilcoxon test on slope effect 

adumbrates slightly more intense vertical spores spreading, indicating the role of water 

transport of the spores.  

 The subdivided characteristic of the geomorphological background has also important 

impact on gene flow. It can create suitable sites for gametophyte germination in the cracks of 

a rock surface. The geomorphological objects, like rocks and cliffs, can serve also as obstacles 

for spore spreading, and influencing the availability of safe-sites. An alternative explanation 

of relatives’ interbreeding could be the separating role of the spatial subdivision. This may 

increase inbreeding among the spatially isolated subgroups of individuals. Since fertilization 

occures mostly between neighbouring individuals, by bringing gametophytes close, spore 

dispersal essentially influences the recombination events (Individuals with different MLPs 

were found in a single crack). However its range is limited in space, i.e. genetic dissimilarity 

is significantly smaller between close neighbours. In this case, inbreeding is originated from 

the finite number of individuals (genotypes) that are allowed to interbreed. 

 The Mantel–test manifested that the closer subpopulations are more related genetically. 

Since the effective factors created two hierarchical subdivisions within the spatial genetic 

pattern. Subpopulations show isolation by distance, and within subpopulations, multilocus 

phenotypes of individuals show a constrained variation up to 11-13 m. 

 The effects of recombination and spore dispersal on spatial genetic pattern are the 

opposite of inbreeding. The influences of limited but continual outbreeding have to be 

compensated with another process that maintains this genetic pattern. The loss of genetic 

diversity is possible within the spatially isolated regions. The subunits are connected with 
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restricted gene flow. The finite individual numbers within the spatially isolated subgroups of 

individuals, together with the restricted spatial range of reproductive process cause 

inbreeding. The coexistance of two breeding types in the heterogeneous environment may 

create a metapopulation structure. Conservation of heterogeneity of natural habitats contribute 

to the maintenance of this special dynamics of natural populations. 
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