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SUMMARY: Evidence for a general lack of genetic differentiation of intertidal invertebrate assemblages in the North 
Atlantic, based on mtDNA sequence variation, has been interpreted as resulting from recent colonization following the Last 
Glacial Maximum. In the present study, the phylogeographic patterns of one nuclear and one mtDNA gene fragments of 
two isopods, Stenosoma lancifer (Miers, 1881) and Stenosoma acuminatum Leach, 1814, from the northeast Atlantic were 
investigated. These organisms have direct development, which makes them poor dispersers, and are therefore expected 
to maintain signatures of past historical events in their genomes. Lack of genetic structure, significant deviations from 
neutrality and star-like haplotype networks have been observed for both mtDNA and nuclear markers of S. lancifer, as well 
as for the mtDNA of S. acuminatum. No sequence variation was observed for the nuclear gene fragment of S. acuminatum. 
These results suggest a scenario of recent colonization and demographic expansion and/or high population connectivity 
driven by ocean currents and sporadic long-distance dispersal through rafting.

Keywords: phylogeography, Stenosoma, direct development, glacial refugia, Pleistocene Glaciations, demographic 
expansion, connectivity.

RESUMEN: El ADN mitocondrial y nuclear revelan patrones de baja diferenciación genética en la costa 
del Atlántico nordeste para los isópodos, Stenosoma lancifer y Stenosoma acuminatum, con baja capacidad de 
dispersión. – Las evidencias sobre la falta general de diferenciación genética en invertebrados intermareales en el Atlántico 
Norte, basadas en la variación del ADN mitocondrial, se han interpretado como el resultado de una colonización reciente tras 
el último máximo glacial del Pleistoceno. En este trabajo se investigan los patrones filogeográficos de un gen nuclear y un 
gen mitocondrial en dos isópodos, Stenosoma lancifer (Miers, 1881) y Stenosoma acuminatum Leach, 1814, capturados en 
el Atlántico noroccidental. Estos organismos tienen desarrollo directo y, por lo tanto su potencial de dispersión es limitado, 
por lo que se espera que sus genomas mantengan señales de acontecimientos históricos. Se ha observado la falta de estructura 
genética, desviaciones significativas de la neutralidad y redes de haplotipos en forma de estrella para ambos fragmentos 
de ADN mitocondrial y nuclear de S. lancifer, así como para el ADN mitocondrial de S. acuminatum. En el fragmento del 
gen nuclear de S. acuminatum no se observó variación en las secuencias genómicas. Estos resultados sugieren un escenario 
de colonización reciente y expansión demográfica y/o de alta conectividad entre poblaciones impulsada por las corrientes 
oceánicas y la dispersión ocasional a grandes distancias mediante rafting.

Palabras clave: filogeografía, Stenosoma, desarrollo directo, refugio glaciar, glaciaciones del Pleistoceno, expansión 
demográfica, conectividad.

Scientia Marina 76(1)
March 2012, 133-140, Barcelona (Spain)

ISSN: 0214-8358
doi: 10.3989/scimar.03373.29A



134 • R. XAVIER et al.

SCI. MAR., 76(1), March 2012, 133-140. ISSN 0214-8358 doi: 10.3989/scimar.03373.29A

INTRODUCTION

Pleistocenic glaciations are known to have played 
a major role in shaping the phylogeographic pat-
terns of many organisms, particularly during the Last 
Glacial Maxima (LGM) (e.g. Hewitt 2004, Maggs 
et al. 2008). It is generally accepted that in temper-
ate regions, species have had to contract their range 
into warmer southern areas during glacial periods, 
whereas during interglacials they were able to re-col-
onize warming northern areas (Hewitt 1996). These 
distributional changes resulted in a typical latitudinal 
gradient of genetic diversity, with higher levels of 
diversity in southern locations, which served as gla-
cial refugial areas, and with low genetic diversity in 
the north, where extinctions followed by (re)coloni-
zations have occurred (Taberlet et al. 1998, Hewitt 
1999, Luttikhuizen et al. 2008).

For the northeast Atlantic fauna, glacial refugial ar-
eas of marine species have been found in the southern 
regions such as the Macaronesian islands, the Atlantic 
coasts of North Africa, and the Mediterranean Sea 
(Coyer et al. 2004, Maggs et al. 2008, Campo et al. 
2010, Kettle et al. 2010). However, recent phylogeo-
graphic studies have challenged the classical perspec-
tive of strictly southern glacial refuges and several stud-
ies have uncovered patterns suggesting the existence of 
glacial refuges for cold-water species in northern areas 
(Provan and Bennett 2008). These findings showed 
that the entire northeast Atlantic region has played an 
important role in the diversification of species, espe-
cially in the case of cold-water species. Examples of 
such refugial areas are located in the northwest of the 
Iberian Peninsula, in the Bay of Biscay, in the English 
Channel and even in the North Sea (see for a review 
Kettle et al. 2010). However, for some species, alter-
native explanations were advanced for the high allelic 
richness and levels of divergence observed in some of 
these locations, particularly in the case of the Brittany 
and English Channel areas, which are thought to have 
had dryer or low salinity conditions during the LGM 
(Ménot et al. 2006). Secondary contact between dif-
ferent re-colonizing lineages originating in southern 
glacial refuges could also explain the patterns observed 
in those regions (Coyer et al. 2003, Gómez et al. 2007, 
Maggs et al. 2008). 

A powerful approach to inspect regional patterns 
associated with either the presence of past glacial re-
fugia or re-colonized areas is to conduct comparative 
phylogeographic analyses between co-distributed spe-
cies (Zink 2002). Results from several studies focusing 
on intertidal species assemblages led several authors 
to infer that these organisms (especially those with 
low dispersal ability) were generally more prone to 
extinction during glacial periods than subtidal species, 
since the latter could have coped better by migrating 
to deeper and more stable habitats (Wares and Cun-
ningham 2001, Coyer et al. 2003, Marko 2004, Palero 
et al. 2008, Rivadeneira et al. 2011). 

Species from the genus Stenosoma (Isopoda: Per-
acarida) are direct-development, brood-caring isopods 
for which long distance dispersal is thought to be main-
ly achieved by rafting on floating algae (e.g. Miranda 
and Thiel 2008). Therefore, their low potential for dis-
persal makes them a good model to study past vicari-
ance events associated with glacial survival. Previous 
studies in Stenosoma nadejda (Rezig 1989), which oc-
curs in the Mediterranean and in the Atlantic, where it 
ranges from the Moroccan coast (Xavier et al. 2011) up 
to central Portugal (Pereira et al. 2006), showed well-
preserved signatures of a North African vicariance 
during glacial periods in their mitochondrial genome 
(Xavier et al. 2011). Stenosoma lancifer (Miers, 1881) 
and S. acuminatum Leach, 1814 are strictly Atlantic 
species that find their northernmost distributional limit 
in southern England (Leach 1814, Miers 1881). While 
S. acuminatum has never been found south of central 
Portugal (Pereira et al. 2006), S. lancifer has recently 
been observed on the Atlantic coast of Morocco. Both 
species are usually found among intertidal algae (e.g. 
Arrontes and Anadón 1990a) and seem to have no pref-
erence for any type in particular (Pereira et al. 2006).

The aim of the present study was to investigate 
the phylogeographic patterns of S. acuminatum and S. 
lancifer across a south-north gradient along most of 
their distributional range. Expectations are that glacial 
refugial areas were likely to occur either in the south-
ern part of their range, as has been hypothesized for 
the Moroccan populations of S. nadejda (Xavier et al. 
2011), or in other putative northern refugial areas such 
as the northwest of the Iberian Peninsula and the Bay 
of Biscay (e.g. Kettle et al. 2010). The population ge-
netic patterns expected to be present in glacial refuge 
areas encompass the existence of high genetic diver-
sity coupled with high genetic differentiation and the 
prevalence of private haplotypes (Maggs et al. 2008). 
To accomplish this goal, phylogeographic analyses of 
one mitochondrial and one nuclear marker were con-
ducted, by examining the DNA sequence variation of 
the subunit I of the mitochondrial gene cytochrome c 
oxidase and of a fragment of the nuclear gene Elonga-
tion factor 1-α, as both have proved to be useful for 
detecting population structure in other crustacean spe-
cies (see Fransen and De Grave 2009).

MATERIALS AND METHODS

Sample collection, DNA extraction and PCR 
amplification

A total of 31 localities were sampled along the distri-
butional range of both species from Wenbury (southern 
England) to Essaouira (Morroco) (Fig. 1). Sampling 
was conducted in summer (June-August) and winter 
(December-February) between 2008 and 2010. Algae 
were collected during low tide in the lower intertidal 
zone, where these species are known to occur (Arrontes 
and Anadón 1990a, 1990b). Because a previous study 



PHYLOGEOGRAPHY OF S. ACUMINATUM AND S. LANCIFER • 135

SCI. MAR., 76(1), March 2012, 133-140. ISSN 0214-8358 doi: 10.3989/scimar.03373.29A

by Pereira et al. (2006) suggested that neither species 
shows a preference for a particular type of algae (but see 

Arrontes and Anadón 1990a), all algal species present in 
each locality were collected. Algal material was kept in 
bags until it was washed with fresh water and Stenosoma 
specimens were collected. Individuals of S. lancifer and 
S. acuminatum were identified according to the key pro-
vided by Castellanos and Junoy (2005) and preserved in 
96% ethanol. Due to the inconspicuous nature of these 
species (see Xavier et al. 2009, for a brief discussion on 
this topic) only 50 individuals of S. lancifer were col-
lected from 11 localities and a total of 26 S. acuminatum 
from 6 localities (Table 1, Fig. 1). 

Genomic DNA was extracted from legs or from the 
whole animal when it was too small, using the Jetquick 
commercial kit (Genomed). A region of the mitochon-
drial gene subunit I of the cytochrome c oxidase (COI) 
was amplified as described in Xavier et  al. (2009). 
Several attempts were made to amplify the Elongation 
factor 1-α gene (EF1α) using previously published 
primers. Successful amplification of a portion of this 
gene was achieved using EF1AR and EF1AF from the 
Crandall lab online primer database (http://crandalllab.
byu.edu/PrimerDatabase.aspx). Elongation factor 1-α 
was amplified using the following PCR conditions: ini-
tial 4 min denaturation at 94°C, followed by 30 cycles 
of 45 sec at 94°C, 45 s at 55°C and 1 min at 72°C. Final 
extension was achieved at 72°C for 12 min. PCR reac-
tions were conducted in a volume of 20 µl with a magne-
sium concentration of 3 mM. Platinum Taq (Invitrogen, 
Carlsbad, CA, USA) was used for all PCR amplifica-
tions. PCR products were sequenced by a commercial 
company (High-Throughput Genomics Unit – HTGU, 
Department of Genome Sciences of the University of 
Washington). Sequences were checked and edited using 
CodonCode Aligner (CodonCode, Dedham, MA, USA). 
The software PHASE v.2.1.1 (Stephens et al. 2001; 
Stephens and Donnelly 2003; Stephens and Scheet 
2005) was used to resolve haplotypes. Command line 
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Fig. 1. – Map of sampling localities: 1, Wenbury; 2, Landuvez; 3, 
Croisic; 4, Biarritz; 5, San Juan de Gastelugatxe; 6, San Vicente 
de la Barquera; 7, Ribadesella; 8, La Caridad; 9, Espasante; 10, 
Toriñan; 11, Moledo do Minho; 12, Vila Praia de Âncora; 13, Viana 
do Castelo; 14, Vila do Conde; 15, Mindelo; 16, Baleal; 17, São 
Bernardino; 18, Santa Cruz; 19, Praia das Avencas; 20, Portinho da 
Arrábida; 21, Queimado; 22, Oliveirinha; 23, Castelejo; 24, Porto 
de Mós; 25, Olhos d’Água; 26, Chipiona; 27, Ksar-es-Seghir; 28, 

Cap Malabata; 29, Assilah; 30, Rabat; 31, Essaouira

Table 1. – Estimates of genetic diversity parameters for COI and EF1α sequence data of S. lancifer and S. acuminatum. N, number of indi-
viduals; Nhap, number of haplotypes; Hd, haplotype diversity; π, nucleotide diversity.

			   COI				    EF1α			 
Species	 Locality	 N	 Nhap	 Hd	 π	 N	 Nhap	 Hd	 π

S. lancifer	 Biarritz	 11	 4	 0.48	 0.00193	 2	 1	 -	 -
	 San Juan de Gastelugatxe	 3	 1	 -	 -	 3	 3	 -	 -
	 La Caridad	 1	 1	 -	 -	 -	 -	 -	 -
	 Espasante	 2	 1	 -	 -	 2	 3	 -	 -
	 Touriñan	 4	 2	 -	 -	 3	 3	 -	 -
	 Viana do Castelo	 9	 4	 0.58	 0.00157	 1	 1	 -	
	 Vila do Conde	 3	 1	 -	 -	 1	 1	 -	 -
	 Mindelo	 9	 4	 0.58	 0.00160	 1	 1	 -	 -
	 Castelejo	 2	 2	 -	 -	 -	 -	 -	 -
	 Rabat	 6	 3	 0.60	 0.00118	 2	 3	 -	 -

	 Overall	 50	 14	 0.46	 0.00141	 15	 8	 0.59	 0.00226

S. acuminatum	 Wenbury	 1	 1	 -	 -	 1	 1	 -	 -
	 San Juan de Gastelugatxe	 1	 1	 -	 -	 2	 1	 -	 -
	 La Caridad	 9	 6	 0.88	 0.00271	 2	 1	 -	 -
	 Touriñan	 3	 1	 -	 -	 3	 1	 -	 -
	 Vila doConde	 2	 2	 -	 -	 -	 -	 -	 -
	 Mindelo	 10	 3	 0.60	 0.00130	 2	 1	 -	 -

	 Overall	 26	 10	 0.71	 0.00209	 10	 1	 0	 0
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and input files for this software were attained by running 
SeqPHASE (Flot 2010). Sequences were deposited in 
GenBank (accession numbers JN652027-JN652125)

Estimates of diversity indices, tests of selective 
neutrality and recombination

All sequences were translated into amino acids to 
confirm the integrity of the sequenced genes and dis-
card the presence of pseudogenes. Estimates of hap-
lotype and nucleotide diversities were calculated for 
all specimens together and for each sampled locality 
separately (whenever the number of sampled individu-
als was more than 4). 

To investigate putative selective pressures and 
demographic history, Tajima’s D (Tajima 1989b, a), 
Fu’s Fs (Fu 1997) and Ramos-Onsins and Rozas’s R2 
(Ramos-Onsins and Rozas 2002) were estimated. In 
populations in which a recent expansion had occurred, 
Fu’s Fs and Taijima’s D are usually large negative val-
ues, due to an excess of singletons or recent mutations. 
Additionally, low values of R2 also indicate a popula-
tion expansion. To test the statistical significance of D, 
Fs and R2 estimates, 1000 coalescent simulations were 
done. Moreover, Harpending’s raggedness index (r) 
(Harpending 1994) was also calculated to test the fit of 
the data to a population expansion model. This index 
is calculated under the null hypothesis of population 
expansion. The minimum number of recombination 
events (Rm) (Hudson and Kaplan 1985) and linkage 
disequilibrium ZZ statistic (Rozas et al. 2001) were 
also estimated for the nuclear dataset. All the afore-
mentioned analyses were conducted using the DNASP 
software package (Librado and Rozas 2009).	

Estimates of population structure and isolation by 
distance

Estimates of population differentiation were ob-
tained from pairwise Fst calculations for the mitochon-
drial dataset, except when the number of individuals 
sampled was less than four. Significance of pairwise Fst 
values was tested by performing 300 permutations of 
haplotypes between locations under the null hypothesis 
of no differentiation using Arlequin 3.11 (Excoffier et 
al. 2005). Spatial genetic structure at the mitochondrial 
level was further investigated with BAPS 5 (Corander 
et al. 2004). This software uses Bayesian statistics to 
test mixture and to define clusters of populations, re-
quiring no a priori knowledge on the geographic struc-
ture of populations (Corander et al. 2008). Isolation 
by distance was tested on the mitochondrial dataset 
using the non-parametric Mantel test as incorporated 
in the IBDWS v. 3.15 (Jensen et al. 2005), using Fst 
genetic and geographical distances (calculated as the 
approximate linear distance along shoreline) between 
population pairs and 30000 randomizations. Haplotype 
networks were obtained using the TCS 1.21 software 
(Clement et al. 2000).

RESULTS

Estimates of diversity indices, tests of selective 
neutrality and recombination

Alignments for the COI gene included a total of 
512 bp for S. acuminatum, and 566 bp for S. lancifer. 
The EF1α gene fragment comprises an intronic region, 
which in the case of S. lancifer showed considerable 
size-length polymorphism. To attain more power in 
the haplotype phase estimates, the intronic region was 
removed from the final alignment and a 415 bp align-
ment was produced for 15 individuals of this species, 
representative of all sampling localities. For S. acumi-
natum, the EF1α gene fragment was sequenced for 10 
individuals representative of the localities included in 
the present study. This fragment, including the intron, 
showed no variation and the final alignment included 
a total of 905 bp. The number of individuals analyzed 
for the nuclear gene fragment, EF1α, is a subset of that 
used for the mtDNA due to the difficulties in obtaining 
good amplicons and respective sequencing data from 
all sampled individuals.

Only phased haplotypes with a probability of more 
than 90% were included in the analysis. For S. lancifer 
the parameter Rm was zero and the ZZ statistic was 
non-significant, indicating the absence of recombina-
tion (ZZ=0.0031, P>0.05). Since there was no variation 
in nuclear sequences of S. acuminatum, recombination 
parameters were not estimated. Overall estimates and 
partial estimates (for locations with more than 4 indi-
vidulas) of haplotype and nucleotide diversity indices 
for COI and EF1α are given in Table 1 for both S. lan-
cifer and S. acuminatum. For the mtDNA gene COI, 
both haplotype and nucleotide diversity estimated over 
all sampled individuals were highest for S. acumina-
tum, with values of 0.708 and 0.00209, respectively. 
For S. lancifer, these same estimates obtained over all 
sampled individuals were 0.460 and 0.00141, respec-
tively. For the nuclear gene EF1α, sequence variation 
was observed only for S. lancifer and estimates of hap-
lotype and nucleotide diversities obtained over all indi-
viduals surveyed were 0.59 and 0.00226, respectively.

Due to the lack of regional structure (see results giv-
en by BAPS), selective neutrality tests were estimated 
over all sampled individuals. At the mitochondrial 
level, all tests of selective neutrality were significant 
(P=0.05) for both S. lancifer and S. acuminatum (Ta-

Table 2. – Results of selective neutrality tests and Harpending’s 
Raggedness index, for COI and EF1α sequence data of S. lancifer 
and S. acuminatum. In the case of S. acuminatum lack of variation 
at the nuclear level prevented the determination of these estimates. 

* indicates significant values (P<0.05).

Species	 Gene	 Tajima’s D	 Fu’s Fs	 R2	 r

S. lancifer	 COI	 -2,523 *	 -14,093*	 0.030*	 0.12
	 EF1α	 -0.700	 -4,255*	 0.12	 0.06
S. acuminatum	 COI	 -1.542*	 -7.042*	 0.065*	 0.08
	 EF1α	 N.A.	 N.A.	 N.A.	 N.A.
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ble 2). For the EF1α of S. lancifer, Tajima’s D and R2 
were not significant, which contrasts with significance 
in Fu’s FS, and the Harpending’s raggedness index 
(Table 2). 

Population differentiation, isolation by distance 
and phylogenetic analyses

For S. lancifer, observed pairwise Fst values be-
tween localities were not significantly different from 
zero (for P=0.05) (results not shown). In the case of 
S. acuminatum, significant differentiation was found 
between Mindelo and La Caridad (Fst=0.27, P<0.05).

The spatial Bayesian analysis of population struc-
ture failed to detect significant genetic structure for 
both species and all individuals of each species were 
grouped in one single cluster. For S. acuminatum, 
log(ml) for one cluster equaled -65.3901, with a prob-
ability of 1.0, whereas for S. lancifer, the log(ml) for 
one cluster was -134.028, also with a probability of 1.0.

Results of the isolation by distance test showed 
no significant correlation between genetic distance 
and geographic distance (S. acuminatum: r2 =0.0334, 
one-sided P=0.6677; S. lancifer: r2 =0.192, one sided 
P=0.2906). Phylogenetic relations between haplotypes 
are depicted in Figure 2 for S. lancifer and in Figure 

3 for S. acuminatum. Star-like phylogenies were re-
trieved for COI in both species. In the case of S. lan-
cifer, a total of 14 haplotypes were observed. Only the 
central and most common haplotype was shared by all 
sampled localities. The remaining 13 haplotypes were 
private to a specific locality (Fig. 2). In the case of S. 
acuminatum, a total of 10 haplotypes were found. Sim-
ilarly to S. lancifer, only the central and most common 
one was shared by all localities, except Wenbury where 
only one individual was collected. A star-like phylog-
eny was also recovered for the EF1α gene fragment 
of S. lancifer. A total of 8 haplotypes were observed, 
the most common also being the central one shared by 
most locations, except Rabat. A second haplotype was 
shared by locations from northern Spain: Espasante, 
San Juan de Gastelugatxe and Toriñan. The remaining 
haplotypes occurred in a single locality. For S. acumi-
natum no variation was observed for the EF1α gene.

DISCUSSION

Species with low dispersal abilities have been 
shown to be prone to maintaining signatures of genetic 
drift caused by vicariant events (Petit et al. 2003; Pelc 
et al. 2009). However, in the present study, a general 
lack of genetic differentiation was observed along the 
northeast Atlantic coast for two species with direct 
development: S. lancifer and S. acuminatum. MtDNA 
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Fig. 2. – A) Mitochondrial (COI) haplotype network of S. lancifer; 
B) Nuclear (EF1α) haplotype network of S. lancifer. Circles are 
proportional to the number of haplotypes and localities are coded 
by filling patterns. Each branch connecting haplotypes represents 
one nucleotide substitution. The smallest open circles represent 

unobserved haplotypes.
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Fig. 3. – Mitochondrial (COI) haplotype network of S. acuminatum. 
Circles are proportional to the number of haplotypes and localities 
are coded by filling pattern. Each branch connecting haplotypes 

represents one nucleotide substitution. 
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data analyses revealed one central haplotype that was 
also the most common along the entire study area, and 
no relation was found between genetic and geographic 
distances. 

A similar pattern of lack of genetic differentiation in 
the same geographic region has been observed in other 
intertidal species, such as Patella rustica Linnaeus, 
1758 (Ribeiro et al. 2010), Pollicipes pollicipes (Gme-
lin, 1789) (Campo et al. 2010) and Nassarius reticula-
tus (Linnaeus, 1758) (Couceiro et al. 2007), which is 
not surprising given their high potential for dispersal 
during the larval stage. In the case of P. rustica, it was 
hypothesized that the prevailing current patterns during 
the reproductive season could be responsible for the 
observed genetic homogeneity (Ribeiro et al. 2010). 
In general, the mean flow on the surface is southward 
along the Portuguese coast, but seasonal winds can re-
sult in both northward and southward flows (Martins 
et al. 2002). During summer months, currents along 
Iberia are mainly southward, while during the winter 
there is a predominant poleward current along the west 
coasts of Portugal and Spain up to the Armorican shelf, 
near the French coast (Frouin et al. 1990, Haynes and 
Barton 1990, Castro et al. 1997). 

Long-distance dispersal in species with putative 
low dispersal abilities, such as Stenosoma, is thought to 
depend mostly on rafting on floating substrata, particu-
larly on algae where these species are commonly found 
and on which they possibly feed (Thiel and Gutow 
2005, Fraser et al. 2010). The general absence of ge-
netic differentiation throughout the distribution of both 
S. acuminatum and S. lancifer suggests that random-
ness and regional hydrographic patterns may be pro-
moting high population connectivity, both northwards 
and southwards. The lack of genetic differentiation is 
evident for both species (despite the limited number of 
individuals analyzed), suggesting that the mechanisms 
and the intensity of processes leading to the high con-
nectivity observed are similar in the two species.

Thiel and Haye (2006) suggested that there may 
be convergence zones where multiple rafts arrive, 
thus favouring high levels of gene flow between dis-
tant populations and erasing the genetic signatures of 
founder effects. According to the arguments of Thiel 
and Haye (2006), to maintain high levels of population 
connectivity, like the ones observed for S. lancifer and 
S. acuminatum, rafting events must be frequent along 
the northeast Atlantic coast. Given that for another 
Stenosoma species (S. nadejda) a significant level of 
population structure was found in the same region 
(Xavier et al. 2009), high connectivity through rafting 
is probably not the only explanation for the patterns 
observed in the present study.

An alternative explanation for the observed genetic 
patterns of S. lancifer and S. acuminatum, which is not 
mutually exclusive with a scenario of high gene flow 
and high frequency of rafting events, is the occurrence 
of a recent population bottleneck or even extinction 
followed by a founder event during re-colonization. 

Neutrality tests corroborate this hypothesis, because 
demographic changes (or selective pressures) were 
found to be affecting the mtDNA of both species. A 
scenario of recent demographic expansion (or selec-
tive sweep) is in line with the results of a comparative 
phylogeographic study of intertidal invertebrate as-
semblages in the North Atlantic by Ilves et al. (2010), 
who concluded that patterns of genetic variation for 
most species indicated recent re-colonization follow-
ing the LGM. However, the latter study, like many oth-
ers, relied solely on mtDNA so the possible effects of 
a mitochondrial selective sweep could not be entirely 
excluded (e.g. Marko 2004; Ilves et al. 2010). Even if 
mtDNA is considered as a neutral and fast-evolving 
marker which can give insights on historical demog-
raphy, the variation it contains does not necessarily re-
flect the history of a species. Phylogeographic studies 
may benefit from the inclusion of several markers to 
unveil the true evolutionary history of species. In the 
present study, the inclusion of a nuclear marker allows 
for a better acknowledgment of the possible causes 
(demography or selection) of the observed patterns of 
mtDNA genetic variation. It is now widely established 
that demographic events are expected to affect the 
whole genome, whereas selection affects specific loci 
(Andolfatto 2001). 

The comparison of the levels of genetic diversity 
between species and molecular markers prompts for 
caution in their interpretation and suggest that, for S. 
acuminatum, demographic expansion may not be the 
only plausible explanation. In fact, S. acuminatum 
shows no genetic variation in EF1α, whereas for COI 
it has a level of genetic diversity higher than that of S. 
lancifer. Although a more detailed analysis is due for a 
better understanding of the evolutionary processes that 
shaped the observed genetic structure and diversity of 
these species, different constraints could be affecting 
the patterns of genetic variation of S. acuminatum.

Results from the present work contrast with the ones 
obtained for the congeneric species Stenosoma nade-
jda. This species was shown to display high levels of 
genetic structuring, with almost no mtDNA haplotype 
sharing between sites, from southwest Iberia to the Mo-
roccan coast (Xavier et al. 2009, 2011). These discord-
ant patterns may be attributed to different evolutionary 
histories and/or biological features (e.g. behaviour, 
ecology). S. nadejda was recently hypothesized to have 
survived during the Pleistocene glaciations in multiple 
areas of southern Iberia and North Africa (Xavier et al. 
2011). That, together with a long evolutionary history 
in this region, could explain its strong population ge-
netic structure. On the other hand, S. acuminatum and 
S. lancifer may have retreated to a single refuge in the 
north (in Biscay, Brittany or the English Channel), as 
was proposed for many cold-water taxa (e.g. Kettle et 
al. 2010) and have a more recent colonization history, 
which would explain their lower genetic diversity and 
differentiation compared to those observed for S. nade-
jda. Yet again, a better understanding of the differences 
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in evolutionary history between these congeneric, and 
partially co-distributed species, requires the study of a 
larger set of individuals using a larger set of molecular 
markers.

The patterns of genetic diversity and structure de-
scribed for S. lancifer and S. acuminatum appear to be 
best explained by a demographic expansion in their 
recent past. It is even plausible to suggest that such an 
event might be related to the climatic changes of the 
LGM. At least for S. lancifer, this is supported by the 
observations in the English Channel (Isle of Wight, 
Brighton) of Bamber (1992), who observed an east-
ward progression of this species. Based on the present 
data, the hypothesis that both S. acuminatum and S. 
lancifer retracted to a northern glacial refugium, be it 
in the Gulf of Biarritz, Brittany or the English Channel 
cannot be discarded. However, glacial refugia may be 
difficult to pinpoint in the marine environment, since it 
is known that species with subtidal distributions could 
have survived during glaciations by migrating to deep-
er and more stable habitats, thus avoiding the more ex-
treme environmental conditions typical of the intertidal 
(e.g. Marko 2004, Gómez et al. 2007, Rivadeneira et 
al. 2011). In fact, while S. acuminatum has been re-
ported to occur up to 9 m, S. lancifer occurs between 
the sublittoral fringes down to 19 m depth (Saldanha 
1974, Anadón 1975). 

Hence, more detailed distributional and molecular 
surveys, with an emphasis on the northernmost dis-
tributional limit of S. acuminatum and S. lancifer, are 
needed to provide more assertive conclusions regard-
ing the location of putative glacial refugia and whether 
both species are responding similarly to environmental 
and evolutionary constraints. Additionally, the present 
results indicate that either in a scenario of high connec-
tivity or in a scenario of a recent range expansion in the 
northeast Atlantic, after the LGM, the rafting events in 
this region must be frequent.
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