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Resum del projecte: cal adjuntar dos resums del document, l'un en anglès i l'altre en la llengua del document, on 
s'esmenti la durada de l'acció 
Resum en la llengua del projecte (màxim 300 paraules) 
The main objectives of this research visit were:  
 
1) To infer population structure and parameters in demographic models using a total of 13 microsatellite loci for 
genotyping approximately 30 individuals per population in 10 Palinurus elephas populations both from Mediterranean and 
Atlantic waters. 
 
2) Develop statistical methods to identify discrepant loci, possibly under selection and implement those methods using the 
R software environment. 
 
It is important to consider that the calculation of the probability distribution of the demographic and mutational parameters 
for a full genetic data set is numerically difficult for complex demographic history (Stephens 2003). The Approximate 
Bayesian Computation (ABC), based on summary statistics to infer posterior distributions of variable parameters without 
explicit likelihood calculations, can surmount this difficulty and an extra main objective of my visit was to learn this 
technique. This would allow me to gather information on different demographic prior values (i.e. effective population sizes, 
migration rate, microsatellite mutation rate, mutational processes) and assay the sensitivity of inferences to demographic 
priors by assuming different priors. 
 
During the first part of my stage (20th January - 15th February) I did improve my programming skills and I did focus on 
mastering new software applications in order to infer posterior probabilities of parameters in demographic models using 
microsatellite markers.  
 
Once the programming achieved, in the next period (15th February - 30th April) I did use the data obtained previously 
(both sequence and microsatellite data), in order to describe the whole structure of the Palinurus elephas populations. 
This data was used as a reference dataset to check the correct performance of the software developed during the first 
part of my stage. 
 
Finally, extending my stage for an extra month (7th May – 30th May) I did write a manuscript on the work carried out with 
the collaboration of prof. Mark Beaumont and which is being reviewed to be submitted to Molecular Ecology. 
 
Our results show that no strong population genetic structuring is present in the European spiny lobster. On the other 
hand, even though the grouping accounted for less than 1% of the genetic variation, Atlantic and Mediterranean basins 
showed significant differences, indicating that some structure could be present when P. elephas is considered at a larger 
scale. Even though over-fishing has reduced catches dramatically all over its distribution area, effective population size of 
P.elephas seems to have remained constant. This result could be related to limitations in methodology or to the 
peculiarities of the biology of the European spiny lobster. 
 
The ABC software is still under development and results will be published in a second manuscript in the near future. 
 
Resum en anglès (màxim 300 paraules) 
      



           

 
 

 
 
Resum en anglès (màxim 300 paraules) – continuació -. 
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POPULATION GENETIC STRUCTURE AND DEMOGRAPHY 

ANALYSIS IN Palinurus elephas POPULATIONS FROM ATLANTIC AND 

MEDITERRANEAN WATERS. 

 

 

 

INTRODUCTION 

 

The European spiny lobster (Palinurus elephas Fabricius 1787) is a species of 

commercial interest present in the Mediterranean and the Eastern Atlantic coast from 

Morocco (28°N) to Norway (60°N). P. elephas commands high prices and its fisheries 

have great socio-economic importance, supporting a large number of small-scale artisanal 

vessels. European decapod crustacean fisheries are poorly managed because stock 

assessments are weak and, as a result management policies may be inadequate. Many 

different European countries exploit Palinurus elephas populations so that a proper 

description of the present population structure of the species is essential in order to 

develop a sustainable management strategy. 

 

Present population genetic structure and distribution of a species is the result of 

both past and present ecological processes acting on populations, such as recent 

paleoecological history (i.e. glaciations) and present pressures (i.e. over-exploitation, 

habitat degradation, introduction of invasive species). Indeed, much of the genetic 

variation that has been accumulating for thousands of years could be under threat due to 

present stock overfishing. It is therefore of utmost importance to consider the genetic 

structuring of species in order to protect those populations with higher genetic diversity 

and ability to export individuals to other areas in an effective way (Palumbi, 2004). 

Besides, identification of population-specific molecular markers can provide an 

alternative to large-scale population monitoring and these data can have important 

implications for determining biologically significant management units. 



MATERIAL AND METHODS 

 

In the present work we have included a total of 13 microsatellites as genetic 

markers to study the variability and genetic differentiation found in fished populations of 

the European spiny lobster. P. elephas individuals from a total of 10 localities, covering 

most of the present distribution of the species were analysed. This sampling scheme will 

allow us to assess the genetic population structure between and within Atlantic and 

Mediterranean basins. Furthermore, we also aim to analyse whether the present genetic 

variability and population structure of P. elephas is influenced by current and/or 

historical factors and infer the effects of overfishing on the historical demography of the 

species.  

 

Tissue samples of P. elephas individuals (n = 240) were obtained from several 

localities covering most of the present distribution of the species. The sampled area 

included 10 different localities: Western Scotland (WSCO): Oban; Western Ireland 

(WIRE): Galway; Brittany (BRIT): Le Conquet; Bay of Biscay (BISC): Gijón; South 

Portugal (SPOR): Sagres; Western Mediterranean (WMED): Cullera; North Western 

Mediterranean (NWME): Cap de Creus; Tunisia (TUNI): Tunis; Sicily (SICI): Isola delle 

Femmine; Greece (GREC), Dia Island.  

 

Genetic variability and population differentiation 

 

We employed CONVERT 1.2 to transform the excel-based dataset into different 

formats to be run by other population genetic programs (Glaubitz 2004). Mean number of 

alleles per locus, and observed (HO) and expected (HE) heterozygosities for each locus 

were estimated with GENETIX 4.04 (Belkhir et al. 2003). Genotype distributions within 

samples were tested for conformity to Hardy-Weinberg expectations with exact tests with 

significance determined by a Markov chain method (GENEPOP v.3.4). Where multiple 

tests were involved, significance levels were adjusted according to the sequential 

Bonferroni procedure. The most suitable means of quantifying microsatellite allele 

frequency differentiation between samples is still a matter of argument, depending upon 



the mutational model adopted, although O'Connell and Wright (1997) have recommended 

a conservative approach of conventional F-statistics. Therefore, pairwise FST values 

obtained with Genepop v3.4 (Raymond and Rousset 1995) were used to determine the 

degree of population subdivision among different populations. Moreover, the patterns of 

spatial genetic structure described as isolation-by-distance (IBD) models (Wright 1943) 

were evaluated using a Mantel test between the matrix of pairwise population 

differentiation in terms of FST/(1−FST) and the matrix of the natural logarithm of 

geographic distance as implemented in GENEPOP v3.4 (Raymond and Rousset, 1995). 

The distribution of genetic variance at different geographical levels was estimated by an 

analysis of molecular variance (AMOVA) using Arlequin v.3.1 (Excoffier et al., 2005). 

We also ran the Bayesian clustering method of STRUCTURE 2.1 (Pritchard et al. 2000), 

by assuming admixture, correlated allele frequencies between K groups, and no prior 

information on sample location for individuals. Models were run at K=1-10, and 

replicated three times at each K to confirm consistency of log-likelihood probabilities 

(Pritchard et al. 2000). 

 

Finally, in order to carry out a multivariate analysis, an allele counting table was 

built and the empty cells with missing data were filled with a kth nearest neighbor 

algorithm implemented by the knn() function in the EMV package under R (Troyanskaya 

et al. 2001). For each individual with a missing value for a particular characteristic 

(locus), the method works by finding k individuals that have been scored for that 

characteristic and that have the smallest Euclidean distance from the target individual as 

measured from the other characters. The missing character value is then replaced by the 

weighted average of the values in the set of k individuals, where the weights are inversely 

proportional to the Euclidean distance. In the analysis here, we chose k = 3. In this way, 

we use 98% of the data at the cost of some approximation, whereas if we excluded the 

individuals that had missing data, a larger proportion would be lost. Ordinations on the 

microsatellite loci were performed with non-metric multidimensional scaling 

implemented in isoMDS from the MASS library in the R statistical package. Euclidean 

distances were used. This method avoids clustering of similar samples into groups as in 

tree building methods, but instead computes co-ordinates for each sample such that the 



distances between points fit as closely as possible to the measured distances between the 

respective samples. The convex hulls for two groups of points were drawn with the 

standard lines() function in R. Ordinations were performed using the individual matrix 

and the population matrix respectively.  

 

Demography analysis.  

 

Understanding the effects of population bottlenecks on genetic variation has 

become increasingly important in population genetics, speciation theory, and 

conservation biology (Cornuet & Luikart 1996). In order to test for genetic evidence of 

population expansion and contraction, we carried out an empirical analysis of 

microsatellite variation using a hierarchical bayesian model. We consider the 

demographic history of a closed population that increases or decreases exponentially 

from an initial size N1 to the current size N0, over a time interval x (Beaumont 1999). 

Allelic frequencies were used to infer the model parameters = {N0, N1, x, μ}. The loci 

are assumed to be evolving according to a strict single-step mutation model, with 

mutation rate μ. Using a Bayesian approach the posterior probability density of the 

parameters is estimated given a prior density and the data. Parameters for each locus were 

assumed to be drawn from log-normal distributions.  

 

Prior distributions for the means were assumed to be specified by normal 

distributions with means αN0 = αN1 = αx = 5 and αμ = -3.5, and SDs σN0 = σN1 = σx = 2 and 

σμ = 0.25. Priors for the SDs were taken to be normal distributions truncated at zero with 

means βN0 = βN1 = βx = βμ = 0, and SDs τN0 = τN1 = τx = 0.2 and τμ = 0.5. To make 

coalescent modelling easier, population size in the demographic models is expressed in 

units of N0 generations with v(t) = N(t)/N0. In addition, we define r = N0/N1 and tf = 

ta/N0 (number of generations over which the population has been changing in size scaled 

by current population size). If r < 1, the population has declined; if r = 1, the population 

has remained stable; and if r > 1, the population has expanded. The hierarchical 

modelling approach used allows the posterior distribution of the mutation rate and the 

demographic parameters to vary among loci. Allowing inter-locus variation in 



demographic parameters makes our analysis more robust, and it enables us to detect 

aberrant loci that could potentially bias the results. In a model where the parameters are 

not allowed to vary, aberrant loci will have a strong effect because the likelihoods for 

individual loci are multiplied together. In contrast, in a hierarchical model the likelihoods 

are combined in a more additive fashion (Storz and Beaumont, 2002).  

 

To achieve reliable convergence in a reasonable amount of time, a random subset of 

100 chromosomes from the whole dataset was taken. The chain was run for 2x109 steps, 

recording parameter values every 105 steps to give 20,000 draws from the posterior 

distribution. Five independent chains were run for each analysis presented in the Results. 

The output was checked for convergence using the Gelman-Rubin statistic calculated in 

CODA (Best et al. 1995), as implemented in R (http://www.r-project.org/). We examined 

plots of the value of the Gelman-Rubin statistic against iteration number to check that it 

was reliably converging toward its final value as recommended by Brooks and Gelman 

(1998). In addition, posterior densities from individual runs were examined to check for 

overall consistency in shape. The last half of each run was then combined to produce an 

overall set of 50,000 points.  

 

Density estimation was carried out using the program Locfit, implemented in R. 

This was used to estimate modes and highest probability density (HPD) limits. The HPD 

limits specify points of equal probability density enclosing a region (or possibly disjoint 

regions in multimodal data) with probability equal to some specified value. The strength 

of evidence of population growth versus population decline was assessed using Bayes 

factors as described in Beaumont (1999). Bayes factors greater than exp(2) are generally 

considered significant. The ratio of posterior probabilities can be estimated from the 

simulated chain by counting the proportion of iterations in which the population has 

expanded and then dividing this by the proportion of iterations in which it has contracted. 

Although extreme ratios vary among replicate chains due to sampling effects, ratios of 10 

or less are generally similar among replicate chains for reasonable values of the Gelman-

Rubin statistic. 

 



 
RESULTS 

 

Genetic variability and population differentiation 

 

Allele number per locus varied from 3 to 55, with a mean value of 18.3. Three loci 

presented particularly high Fis values (PE22 = 0.7295, PE44 = 0.4247 and PE53 = 

0.5963). This result may be due to the presence of null alleles, and further analyses were 

carried out excluding those loci to account for any misleading effect. The mean observed 

heterozygosity value was similar across loci (Mean Ho = 0.674 + 0.21), and the expected 

heterozygosity was 0.790 + 0.182. The amount of genetic variability was homogeneous 

among spiny lobster population samples as indicated by the low standard deviations 

associated to the estimated mean observed (HO = 0.677 ± 0.03) and expected (HE = 0.794 

± 0.06) heterozygosities. Mean Fis value was 0.246 + 0.251 and dropped to 0.148 + 0.173 

after excluding the three loci with extreme values. The mean pairwise Fst value was 

relatively low (Fst = 0.006 + 0.006), indicating that little population structuring is present 

within Palinurus elephas. The only significant Fst values were found between NWME 

and BRIT and between GREC and SICI and between GREC and any Atlantic population. 

The mean pairwise Fst value for comparisons including GREC (Fst = 0.014 + 0.006) was 

3 times larger than the mean pairwise Fst value for comparisons not including GREC (Fst 

= 0.004 + 0.004). Mean Fst value obtained for pairwise comparisons within basins 

(0.0037 + 0.0051) was lower than mean Fst value obtained for pairwise comparisons 

among basins (0.0081 + 0.0062). Interestingly, a comparatively higher population 

structuring within the Mediterranean was observed (Atlantic = 0.0006 + 0.0035; 

Mediterranean = 0.0068 + 0.0046). This higher value was maintained after excluding 

GREC from the within Mediterranean pairwise comparisons (0.0054 + 0.0046). When the 

correlation of pairwise genetic distances (FST) to geographic distances was analyzed 

using the Mantel test, a shallow although significant correlation was detected (R2 = 

0.054; P = 0.009), which indicates a pattern of isolation by distance. However, this 

pattern was caused mainly by the GREC population, since the trend was not significant 

after excluding it from the analysis (R2 = 0.013; P = 0.158).  



 

A Global Analysis of Molecular Variance as a weighted average over loci was 

carried out to compare the Atlantic and Mediterranean populations. The partitioning of 

the genetic variance showed most of the variability to be explained by genetic variation 

within individuals (84.54%) and among individuals within populations (14.82%). 

Nevertheless, the amount of genetic variation explained by differences among 

populations within groups (0.17%) was not significant and smaller than the amount of 

genetic variation explained by differences among groups (0.47%). Thus, even though the 

percentage of the variability explained by differences between Atlantic and 

Mediterranean basins was less than 1%, the differences were statistically significant. 

Similar results were obtained when the GREC population was excluded from the 

analysis. The MDS using the individual matrix did not show any visible structure on the 

data, with individuals from both basins mixing together (supplementary data). However, 

MDS analysis of the population allele frequency matrix indicated that Atlantic and 

Mediterranean populations present some degree of differentiation, since the populations 

within basin can be joined in non-overlapping groups. The Bayesian clustering method of 

STRUCTURE 2.1 was not able to detect any population structure for this dataset, since 

the most likely scenario obtained was that of a single panmictic population (K=1; Ln 

Prob of Data = -9937.73 + 0.35). 

 

Demography analysis.  

 

Even though there is some indication of slight population expansion, our results 

show fairly constant population sizes in Palinurus elephas. The Gelman-Rubin 

convergence statistics for the four demographic and mutational parameters were (upper 

97.5% quantile is given in parentheses) N0: 1.03 (1.08); N1: 1.00 (1.01); μ: 1.00 (1.00); 

and Tf: 1.03 (1.08). The first and third quartiles obtained from the combined runs dataset 

indicate that current population sizes would range from 104.11-104.67, while ancestral 

population sizes would range from 103.03-104.38. The posterior distribution of the mean 

mutation rate μ, had a mean of -3.52 (SD = 0.24) and was therefore very similar to the 

prior. This was not surprising given the broad priors on N0 and N1, and it should be 



emphasized that the results presented here on population sizes (but not their ratios) and 

times of events are highly dependent on the priors set for μ. In addition, we defined r = 

N0/N1. If r < 1, the population has declined; if r = 1, the population has remained stable; 

and if r > 1, the population has expanded. Our results agree with having fairly constant 

population sizes in Palinurus elephas with a slight population expansion, since the r 

values ranged from -2 to 4 and were centered at about 0.5. The Bayes factor for growth 

versus decline was 3.957 (< 7.389), which cannot be considered significant, and the 

posterior probability of growth was 0.79. There is little information on the time scale of 

population change in this species, given that a constant population size would be the most 

likely scenario. When the posterior distributions of the time since the populations started 

to change in size was plotted, a double-peak pattern was obtained. The presence of two 

peaks results from a limited amount of information on the microsatellite dataset about 

population changes occurring in a very recent time frame or extremely long time scales 

(Beaumont, 1999). Mean coalescence time (on log scale) for the loci studied was 4.82 + 

0.88, which would correspond to a range of 8,800-50,000 years ago. 

 
CONCLUSION 

 

Our results show that no strong population genetic structuring is present in the 

European spiny lobster. The most differentiated population is the greek population, which 

is consistent with the isolation of phyllosoma larvae in the large East Levantine Water 

eddy in Eastern Mediterranean. On the other hand, even though the grouping accounted 

for less than 1% of the genetic variation, Atlantic and Mediterranean basins showed 

significant differences, indicating that some structure could be present when P. elephas is 

considered at a larger scale. Even though over-fishing has reduced catches dramatically 

all over its distribution area, effective population size of P.elephas seems to have 

remained constant. These results illustrate the importance of considering historical 

demography and life history parameters when evaluating the possible genetic effects of 

bottlenecks in wild populations. They also offer support to recent arguments that the 

erosion of genetic diversity attributed to bottlenecks may be overemphasized. 
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