
polymorphic, whereas the L. truncatula primer was mono-
morphic. Locus LAURMIC1 had 14 different alleles and locus
LAURMIC2 had 18 alleles. A total of 79 individuals were 
analysed for each locus and the overall observed (Ho) and
expected heterozygosity (Ht)

11 was calculated (Table 1) using
Fstat, version 2.9.3.12

Although the applied enrichment procedure was specifically
designed to enrich for microsatellites, the sequenced fragments
often contained minisatellites, highly complex longer stretches
of repetitive DNA.13 Similar patterns of inadvertent minisatellite
isolation have been observed in the snails Bulinus obtusispira14,
Physa acuta (P. Jarne, personal communication), Buccinum
undatum and Potamopyrgus antipodarum (D. Weetman, personal
communication) and the freshwater bivalve Utterbackia imbecilis
(J. P. Curole, personal communication). Application of mini-
satellites is attractive as genotyping of individuals can be
achieved on basic agarose gels, without the need of expensive
and time-consuming labelling. However, minisatellite evolution
is poorly understood (but see 13,15) and may thus pose analytical
difficulties. Moreover, the minisatellites we analysed were mono-
morphic, confirming theoretical predictions that minisatellites
are less variable than microsatellites.16

In conclusion, we isolated two useful and highly polymorphic
microsatellite loci for L. auricularia. The three minisatellite
primer sets we developed did amplify, but the loci were mono-
morphic in our samples. Minisatellites may prove more useful in
detecting variation between species.

Our attempt to use primers from the closely related species 
L. truncatula did not yield usable results as only one of the six
primer pairs amplified and, unfortunately, this locus was mono-
morphic in our samples. This underscores the importance of
species-specific development of genetic tools such as micro-
satellite primers in population genetics.

The authors would like to thank Katya Mamonova, Tanya
Sitnikova, Hans Breeuwer, Dirk Erpenbeck, Peter Kuperus,
Patrick Meirmans and Dmitry Sherbakov for technical assist-
ance.
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Extinction risk and harbours as marine reserves?

J. M. Guerra-García1, J. Corzo1, F. Espinosa1, D. Fa2 and J. C. García-Gómez1
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The mollusc Patella ferruginea Gmelin, 1791 is the most endan-
gered marine invertebrate species on the list of the European
Council Directive 92/43/EEC on the Conservation of Natural
Habitat of Wild Fauna and Flora,1 and is considered to be in 
danger of extinction.2 Although its relative abundance in
Palaeolithic and Neolithic deposits indicates an extensive for-
mer distribution in the Western Mediterranean, its range has
progressively contracted.3 These population regressions have
been generally attributed to increasing pollution levels along
the marine coastline and, especially, to human predation
through the collection of specimens for food, fishing bait and
decorative purposes, as this mollusc is one of the most attractive

limpets of the Mediterranean. Today, the species has practically
disappeared in the Iberian Peninsula and the North African
coast of the Strait of Gibraltar. Strikingly, at the coast of Ceuta,
and especially inside the harbour, we have found dense and 
stable populations of Patella ferruginea (Fig. 1).

The harbour of Ceuta is unusual from an environmental
point of view, differing substantially from other conventional
harbours. It is located between two bays connected by a channel,
which increases the water movement and exchange, contribut-
ing to the maintenance of rich and diverse communities of
marine invertebrates (Fig. 2).

After assessing the presence of P. ferruginea in Ceuta, a total of
70 stations were selected along the coast, inside the harbour and
outside (North Bay and South Bay). The density of P. ferrugineaCorrespondence: J. M. Guerra-García; e-mail:jmguerra@us.es

http://www-genome.wi.mit.edu/genome_software/other/primer3.html
http://www.unil.ch/


in each station was measured at low tide by counting the number
of specimens found in a transect placed parallel to the coast with
a length of 10 m and a width corresponding with the whole inter-
tidal belt4 (1.25 m on Ceuta’s coast). A mean density of 11.33
individuals/10 m was measured inside the harbour, while out-
side the harbour the mean was 5.54 (North Bay) and 6.96
(South Bay), respectively. The values registered inside the har-
bour were significantly higher than those registered outside
(one-way ANOVA, F2,69 = 3.50, P < 0.05) (Fig. 1). These values
inside the harbour are even higher than the densities recorded
in the Mediterranean relict populations of P. ferruginea, located

in protected areas (7.9 ind/10m in Corsica4 and 7 ind/10 m in
Zembra Island, Tunisia5).

The unusual environmental structure of the harbour of
Ceuta, together with the fact that people consider harbours 
as ‘non-attractive’ places to collect specimens for food and fish-
ing, have contributed to the maintenance of high densities of 
P. ferruginea. Taking into account that P. ferruginea is considered
a K-strategist species, with a low rate of growth and reproduc-
tion, and that it has been traditionally associated with high
hydrodynamism and low levels of pollution,3,5 the high densities
of this mollusc reported inside a harbour is even more striking.
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Figure 1. A. Location of Ceuta in North Africa. B. Density of Patella ferruginea (mean values ± standard deviation) in North Bay (n = 33), South Bay (n = 29) and
the harbour (n = 8) of Ceuta.



Consequently, the design of the harbour of Ceuta, provided
with a channel which increases the water renovation, should be
taken into consideration for future civil engineering projects 
in order to reduce the negative impact of harbour building 
on marine environments. Furthermore, a harbour displaying
adequate environmental features can offer useful monitoring
and protection facilities (e.g. vigilance and installation of anti-
pollution artificial barriers). This is particularly interesting in
areas, like the Strait of Gibraltar, which have a high risk of envi-
ronmental disaster because of intense maritime traffic.
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Figure 2. A. Schematic comparison between a conventional harbour and the harbour of Ceuta. B. Comparison of physicochemical and biological parameters
between Algeciras harbour7 (black) and the harbour of Ceuta8 (dotted). Species richness and Shannon diversity were measured for sediment macrofaunal
assemblages.Abbreviations: O2, oxygen in water column; OM, organic matter in sediment; P, total phosphorus in sediment; N, total nitrogen in sediment. 


