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Abstract The intertidal gastropod Phorcus sauciatus is a
subtropical grazer that reaches its northern boundary in the
Iberian Peninsula. Distribution of P. sauciatus along the
Iberian Peninsula shows, however, gaps in its distribution.
The present study was aimed at detecting possible recent
changes on the population structure and distribution of
P. sauciatus along the north-west Atlantic coast of the Iberian
Peninsula. To achieve this aim, we adopted a qualitative
sampling design to explore the presence of P. sauciatus
along a region within its historical gap of distribution
(north Portuguese coast). In addition, a quantitative sam-
pling design was adopted to test hypotheses about the
abundance and size structure of P. sauciatus populations
among regions with different historical records of its
abundance and among shores with different exposure.
Results showed that P. sauciatus was present along the
north Portuguese coast. However, the abundance and size
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structure of the newly settled populations were signifi-
cantly different to those of the historically recorded pop-
ulations. Moreover, P. sauciatus was able to establish
populations at sheltered shores. Considering these results,
we propose models for the distribution of P. sauciatus
along the Iberian Peninsula, based on effects of sea surface
temperature, and to explain the size-frequency of their
populations based on their density.

Keywords Phorcus sauciatus - Iberian Peninsula -
Distribution gaps - Rias - Distribution shifts

Introduction

The intertidal gastropod Phorcus (Osilinus) sauciatus
(Koch 1841) is a common grazer along the rocky shores of
subtropical east Atlantic and Macaronesia (i.e. Canary and
Madeira islands, Dautzenberg 1910; Ramirez et al. 2005).
The taxonomy of this species is complicated especially
because of the many synonyms found across the literature
(Donald et al. 2012). The northern boundary of its distri-
bution is found at the warm-water Lusitanian area (i.e.
north coast of the Iberian Peninsula and south Atlantic
French coast) (Fischer-Piétte 1963). The first records of
P. sauciatus (as Monodonta sagittifera) at the Iberian
Peninsula were those by Hidalgo (1917) at different sites
along the Atlantic coast. Later, Nobre (1940) found
P. sauciatus on the south coast of Portugal (as Trochoc-
ochlea colubrina), but he did not find this species at the
northernmost Portuguese localities referred by Hidalgo
(1917). The inconsistence between the observations by
these authors led Fischer-Piétte (1958) to propose that the
distribution of P. sauciatus along the Iberian Peninsula had
changed during the first half of the twentieth century.
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Fig. 1 a Atlantic coast of the Iberian Peninsula. b Location of the studied regions along the north-west Iberian Peninsula. ¢ Location of the

studied shores. Codes as in Table 1

Studies of the distribution of P. sauciatus along the Iberian
Peninsula by the previous author reported the presence of
P. sauciatus (as Monodonta colubrina) on the Atlantic
Basque coast of France and along the north coast of the
Iberian Peninsula (Fischer-Piétte and Kisch 1957; Fischer-
Piétte 1963). However, the abundance of this species
declined from A Coruiia to Muros (Galicia, NW Iberian
Peninsula; Fig. 1) and disappeared south from Muros to
Sesimbra (central coast of Portugal; Fig. 1) with the excep-
tion of one individual found at Baiona (southern Galicia)
(Fischer-Piétte and Kisch 1957; Fischer-Piétte 1963).

After these studies by Fischer-Piétte, most of the records
and data about P. sauciatus in the Iberian Peninsula came
from the Galician coasts. In 1975, an extensive survey
along the Galician coast by Ansemil et al. (1977) found a
similar distribution pattern as that described by Fischer-
Piétte (1963). Later studies done by the end of the 1980s
recorded the presence of P. sauciatus south of Muros, i.e.
at the Ria de Arousa (Otero-Schmitt and Trigo-Trigo 1987)
and the Ria de Pontevedra (Trigo-Trigo and Otero-Schmitt
1987) (Fig. 1).

Unfortunately, no record of the distribution of P. sauc-
iatus on the Portuguese coast is available after the afore-
mentioned studies by Fischer-Piétte. Boaventura et al.
(2002) published an extensive survey about the main rocky
intertidal organisms, but they did not discriminate between
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P. sauciatus and Phorcus (Osilinus) lineatus (da Costa
1778). Similarly, recent data on the distribution of
P. sauciatus in the north of the Iberian Peninsula are
scarce; in fact, it has only been highlighted that this species
has not been found in the intertidal of the Basque coast in
the last 22 years (Borja 1987; Borja and Muxika 2001).
Therefore, bibliographic information shows that the distri-
bution of P. sauciatus along the Iberian Peninsula shows gaps
on its distribution and they seem to be variable through time.

Fischer-Piétte (1963) related changes in distribution and
abundance of intertidal organisms along the Iberian Pen-
insula with fluctuations in climate in general, and with
those of surface seawater temperature (SST), in particular.
Considering that P. sauciatus is a subtropical species, the
distribution pattern found by Fischer-Piétte in the Iberian
Peninsula could be explained by the upwelling regime. The
actual presumed gaps on the distribution of P. sauciatus fit
well with the area where the spring—summer upwelling is
stronger and where sea water temperature decreases
(Alvarez et al. 2011). The upwelling regime at the Iberian
Peninsula has, however, decreased in frequency and
intensity during the last decades (Lemos and Pires 2004;
Gomez-Gesteira et al. 2008), and this upwelling relaxation
has been related to recent changes on the distribution pat-
terns of the subtropical limpet Patella rustica Linnaeus,
1758 on this area (Lima et al. 2006; Ribeiro et al. 2010).



Helgol Mar Res (2014) 68:169-177

171

Moreover, the sea surface temperature (SST) has been
increased at the north-east Atlantic due to global warming
(Burrows et al. 2011; Lima and Wethey 2012). These
changes in oceanographic conditions could result in shifts
on the distribution and abundance of P. sauciatus along its
northern boundary; such patterns have already been
reported for other gastropods at this area (Lima et al. 2006)
and other Phorcus species at northern latitudes (Mies-
zkowska et al. 2006, 2007).

Along the Atlantic coast of the Iberian Peninsula,
P. sauciatus shares habitat with its co-generic P. lineatus
and usually both can be found on the same shores (Ansemil
et al. 1977). Many authors have proposed that P. sauciatus
is more frequent at exposed habitats, while P. lineatus is
more frequent at sheltered ones (Ardré et al. 1958; Fischer-
Piétte and Seoane Camba 1962; Crothers 2001). Previous
work has also reported the absence of P. sauciatus at the
inner part of the Galician rias where P. lineatus is present
instead (Ardré et al. 1958; Fischer-Piétte and Seoane
Camba 1962; Ansemil et al. 1977). Significant environ-
mental gradients are present along the rias, mainly related
to salinity and exposure (Ardré et al. 1958). In the inner-
most areas of the rias, salinity is low and can fluctuate
markedly; both P. sauciatus and P. lineatus do not occur
there. Therefore, the lack of P. sauciatus in inner areas of
the rias where salinity values are fully marine may be
explained by the more sheltered conditions found there,
when compared to outer, wave-exposed areas (Ansemil
et al. 1977).

The overall aim of present study was to detect possible
changes on the distribution pattern of P. sauciatus along
the north-west Atlantic coast of the Iberian Peninsula.
Therefore, differences in abundance and size structure of
P. sauciatus populations from regions with different his-
torical records of its abundance (i.e. absent, rare and
abundant) and with different exposure conditions (i.e. outer
and inner shores of rias) were tested. To achieve these
aims, we adopted a qualitative sampling design to explore
the presence of P. sauciatus along a region within its his-
torical gap of distribution (north Portuguese coast). In
addition, a quantitative sampling design was adopted to test
hypotheses about the abundance and size structure of
P. sauciatus populations among regions and among shores
with different exposure.

Materials and methods
Study area
This study was carried out during August and September

2012 along the north-west Atlantic coast of the Iberian
Peninsula (i.e. Galicia and north Portugal) (Fig. 1a). This

area was selected due to the higher number of historical
records of the presence and abundance of P. sauciatus in
comparison with other areas. Three regions with different
historical records of P. sauciatus were defined a priori
(Fig. 1b): A Marifia (AM), where stable and abundant
populations of P. sauciatus have been recorded since the
last century (Fischer-Piétte and Kisch 1957; Fischer-Piétte
and Seoane Camba 1962; Ansemil et al. 1977); South
Galicia (SG), where P. sauciatus has occasionally been
recorded during the last decades (Trigo-Trigo and Otero-
Schmitt 1987; Otero-Schmitt and Trigo-Trigo 1987) and
North Portugal (NP), where P. sauciatus has never been
recorded to date (Fischer-Piétte, 1963). Moreover, to
explore the distribution of P. sauciatus at wave-exposed
and sheltered shores, we selected different sites out and
within the rias de Vigo and Aldan (Fig. Ic), where P.
sauciatus has been previously recorded (Fischer-Piétte and
Kisch 1957; Ardré et al. 1958; Ansemil et al. 1977).

Sampling design and collection of data
Qualitative sampling

An extensive survey was done at the main rocky shores
along North Portugal to explore the presence of P. sauci-
atus in this region, where this species had not been previ-
ously reported (Fig. 1c). Rocky shores (Table 1) were
visited at low tide and a group of 4 people searched for
P. sauciatus individuals approximately for an hour.

Quantitative sampling for comparisons among regions

At each of the three aforementioned regions, seven rocky
shores (Table 1) were selected (Fig. 1c). Each rocky shore
was visited at low tide, and the abundance of P. sauciatus
was quantified counting the number of individuals within
10 quadrats (50 x 50 cm) that were randomly placed along
the high shore because snails were usually present there.
The maximum length of all individuals in any quadrat was
measured with callipers to the nearest millimetre to quan-
tify population size structure.

Quantitative sampling for comparisons among shores
with different exposure

We selected two rocky shores at three different positions
with respect to the inner part of the rias de Vigo and Aldan
(Fig. 1c): two shores at the open coast (out of both rias),
two shores at the outer part of both rias and two shores at
the inner part of the Ria de Vigo showing salinity values
similar to those in fully marine environments. The open
shore sites are exposed to wave height from NW of about
3 m, with maximum values of around 7 m from SW during
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Table 1 Location of the studied shores along the Iberian Peninsula. Quantitative sampling is indicated with “Q” and qualitative sampling with

7Pt}

q

Region Shore Sampling Latitude Longitude

A Marifia (AM) Rinlo (Ri) Q 43°33/38.76''N 7°6'36.80"W
Llas (LI) Q 43°34'50.86''N 7°15'56.70"W
Peizas (Pe) Q 43°35'20.02"'N 7°16'48.22"W
Burela (Bu) Q 43°40/37.55"N 7°22/49.33"W
San Cibrao (Sc) Q 43°41'38.44"'N 7°26'11.79"W
Moras (Mo) Q 43°43'21.66''N 7°28'6.02""W
Esteiro (E) Q 43°42/47.66''N 7°33/29.38"'W

South Galicia (SG) Corrubedo (Co) Q 42°34/39.68"'N 9°5/25.33"W
Aguifio (Ag) Q 42°31'5.65"'N 9°0'42.07"W
Aldan (Al) Q 42°17'54.52''N 8°50'52.43"W
Limens (Li) Q 42°15'22.95"N 8°48/35.80"W
Patos (P) Q 42°9'12.77"N 8°50/2.58""W
Samil (Sa) Q 42°12'3.95"N 8°47'6.94"W
Cabo Silleiro (Cs) Q 42°6'37.50"N 8°54'0.87"W
Roca Vista (R) Q 42°3'11.58"N 8°5322.23"W
Oia (Oi) Q 42°00'10.88"'N 8°52/45.57"W

North Portugal (NP) Moledo (M) Q/q 41°50'29.53"”"N 8°52/28.67"W
Ancora (A) Q/q 41°49'27.49'N 8°52/28.51"W
Gelfa (G) Q/q 41°47'44.32"'N 8°52/27.71"W
Carreco (C) Q/q 41°42'50.43"N 8°51'53.21"W
Viana (Vi) Q/q 41°41'49.79"N 8°51'10.52"W
Amorosa (Am) q 41°38'34.97"N 8°49'29.17"W
Belinho (B) Q/q 41°34'10.16"N 8°47'52.48"W
Cabo do Mundo (Cm) Q/q 41°13/31.36"N 8°43'3.55"W
Lega (L) q 41°12'15.98'"N 8°42/57.36"W
Foz (F) q 41°09'15.55""N 8°40/'50.46""W
Madalena (Ma) q 41°07'19.95"N 8°40/5.32""W

storms (Dias et al. 2002). In the outer part of the ria, swell
is normally from NW and wave height decreased from
1.6 m in the outer part of the ria to 0.6 m in the inner part
of the ria (Bernabeu et al. 2012). Each rocky shore was
visited at low tide, and the abundance and size structure of
P. sauciatus populations were quantified as previously
described.

Data analyses

Analyses of variance (ANOVA) were used to test the
hypothesis that the abundance of P. sauciatus will differ
among the three considered regions with different his-
torical records of its abundance. The analysis was based
on a two-way model, including the factors Region (fixed,
with three levels: AM, SG and NP) and Shore (random,
nested in Region, with seven levels) with n = 10. To test
the hypothesis that the size structure of P. sauciatus
populations will differ among the studied regions, the
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length-frequency of P. sauciatus at each area was indi-
vidually compared with those of the other two regions by
means of Kolmogorov—Smirnov tests (KS). The KS test
is a nonparametric test that allows comparing two dif-
ferent one-dimensional continuous distributions consider-
ing differences both in the location and shape of two
samples.

To test the hypothesis that the abundance of P. sauciatus
will differ among the three considered types of shores
according to position and exposure, abundance data were
explored with analyses of variance. These were based on a
two-way model, including the factors Exposure (fixed, with
three levels: Open Shore, Outer part of the ria and Inner
part of the ria) and Shore (random, nested in Exposure,
with two levels) with n = 10. To test the hypothesis that
the size structure of P. sauciatus populations will differ
among shores with different exposure, length-frequency of
P. sauciatus at each type of shore was individually com-
pared with those of the other two by means of KS tests.
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Results

Qualitative sampling showed that in 2012, P. sauciatus was
present at all sampled rocky shores in North Portugal,
filling, at least partially, the historical gap described by
Fischer-Piétte (1963). The abundance of P. sauciatus dif-
fered, however, among shores in North Portugal. We found
just a few individuals at Amorosa (4 individuals), Leca (2),
Foz (1) and Madalena (6). Therefore, these shores were not
considered for the quantitative sampling.

Quantitative sampling showed a clear pattern in the
abundance of P. sauciatus along the three regions studied
(Fig. 2a) with the highest densities in A Marifia and the
lowest densities in North Portugal. ANOVA (Table 2)
showed that the abundance of P. sauciatus was signifi-
cantly different among the three (Fig. 2a). Moreover, KS
analyses showed that the size distribution frequencies of
P. sauciatus were also significantly different among regions
(Fig. 2b). In general, sizes from 6 to 12 cm were more
frequent in A Marifa indicating recent recruitment while
sizes of 14-24 cm were more frequent in North Portugal;
sizes of 12-14 cm were more frequent in South Galicia.

ANOVA analysis made to explore the distribution of
P. sauciatus at shores with different exposure (Table 3) did
not show significant differences in abundance among the
three studied types of shore (Fig. 2a). However, abundance
showed a conspicuous trend consisting in higher densities
at inner shores of the ria decreasing towards open shores.
Finally, the KS analyses showed that size frequencies were
significantly different among open shores and those placed
at the outer and inner part of the rias (Fig. 2b). Sizes
smaller than 14 ¢cm were more frequent in Outer Ria and
Inner Ria, while larger sizes (i.e. 14-26 cm) were more
frequent in Open Shore. Outer Ria and Inner Ria did not
show significant differences between their size frequencies
(Fig. 2).

Discussion

The present study provided the first records of P. sauciatus
in North Portugal, showing that this species has colonized,
at least partially, its historical distribution gap as described
by Fischer-Piétte (1963). Similar gap colonization was
recently reported for P. rustica in North Portugal (Lima
et al. 2006; Ribeiro et al. 2010). Moreover, results showed
that historically recorded populations of P. sauciatus in A
Marifia had similar densities and size-frequency structure
than populations at its centre of distribution, i.e. Canary
Islands (Ramirez et al. 2005). Therefore, we can consider A
Marifia populations as reference for comparisons with the
most recent populations found in South Galicia and North
Portugal.
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Population densities and size-frequency structure were
significantly different among the three studied regions,
supporting our first hypothesis. The observed decrease in
number of individuals from A Marifia to North Portugal
suggests that colonization occurred from the east and north
in westward and southward direction. We found P. sauci-
atus populations at all studied shores in South Galicia with
a mean density of 4.6 individuals per 0.25 m? whereas
early studies by Fischer-Piétte never recorded more than
one individual of P. sauciatus at Baiona (Fischer-Piétte and
Kisch 1957) and at the Ria de Vigo (Ardré et al. 1958).
Ansemil et al. (1977) sampled 14 shores in South Galicia
but only found four individuals of P. sauciatus among three
shores within the Ria de Vigo. In the present study, we re-
sampled four shores studied by Ansemil et al. (1977) where
they had not found any individual of P. sauciatus (i.e. Co,
Ag, Sa and Oi); we found, however, that nowadays these
shores harbour important densities of P. sauciatus. There-
fore, it seems that by the end of the 1970s, P. sauciatus was
not present in South Galicia with the exception of sparse
individuals at the Ria de Vigo, previously recorded by
Fischer-Piétte and Kisch (1957) and Ardré et al. (1958).
This scenario changed by the end of the 1980s with the
record of P. sauciatus at the outer shores of the rias de
Arousa and Pontevedra (Trigo-Trigo and Otero-Schmitt
1987; Otero-Schmitt and Trigo-Trigo 1987). These studies
did not provide quantitative estimations of the density of
P. sauciatus, but authors considered its abundance as rare
or very rare. Therefore, by the end of the 1980s, the dis-
tribution of P. sauciatus had extended in South Galicia but
populations were still reduced.

Considering the available bibliographic information, we
can approximately date the beginning of the expansion in
the distribution of P. sauciatus in South Galicia by the end
of the 1980s and early 1990s. This expansion period
coincides with a warming in the north-east Atlantic region,
following the relatively cool period from late 1960s to
early 1980s, that induced similar range expansion of warm-
water species in the English Channel (Hawkins et al. 2003;
Southward et al. 2005). Due to the lack of previous studies,
it is more difficult to estimate the arrival of P. sauciatus to
North Portugal. Considering the methods proposed by
Williamson and Kendall (1981) to estimate the age of
individuals of P. lineatus, the oldest specimen of P. sauci-
atus found in North Portugal in this study was about
8-9 years old and thus, we could date the arrival of this
individual to the early years of this century. Considering
that the expansion of P. sauciatus in South Galicia started
at the end of the 1980s and early 1990s, it seems reasonable
that this species had reached North Portugal during the first
years of this century. This information should be consid-
ered with caution because the error estimating the age for
old animals is higher than for young ones and animals older



Helgol Mar Res (2014) 68:169-177

175

Table 2 Analysis of variance on the abundance of Phorcus sauciatus
among the three studied regions

Source SS df MS F p F versus
Re 47.1 2 23,5 13.8 <0.001 Sh (Re)
Sh (Re) 30.7 18 1.8 472 <0.001 RES
RES 68.3 189  0.36

TOT 146.2 209

Cochran’s test C = 0.1297 (not significant) Transform: Ln(X)

Bold values indicate significant differences

Table 3 Analysis of variance on the abundance of Phorcus sauciatus
between sheltered and exposed shores

Source SS df MS F )4 F versus
Ex 47.1 2 37.1 151  >0.05 Sh (Ex)
Sh (Ex) 73.5 3 245 188 >0.05 RES
RES 704.8 54 131

TOT 8524 59

Cochran’s test C = 0.3611 (not significant)

than 10 years were very uncommon at P. lineatus popu-
lations studied by Williamson and Kendall (1981). There-
fore, individuals of P. sauciatus that had reached North
Portugal previously to 2002 were probably not found
during our sampling. It is remarkable that Mieszkowska
et al. (2007) recorded a range extension of P. lineatus at the
same time in Britain. In addition, Lima et al. (2006) found
that P. rustica filled its historical gap in North Portugal
around a similar date as we proposed for P. sauciatus.
Moreover, they found that size-frequency distribution dif-
fered between historical populations and those found in
North Portugal, the latter lacking small-sized individuals.
We found a similar situation when comparing the size-
frequency of P. sauciatus among the three studied regions
because large-sized individuals were more frequent in
North Portugal and South Galicia than in A Marifa his-
torically recorded populations. Lima et al. (2006) consid-
ered that the lack of small size classes may indicate that
populations of P. rustica in North Portugal resulted from
sporadic settlement events (Lewis 1986; Zacherl et al.
2003). We also found a lack of individuals of P. sauciatus
for the sizes between 1 and 4 mm in North Portugal.
However, we should consider that growth of Phorcus
species is very fast after settlement; P. lineatus can reach
15 mm in size during their first year of life (Crothers 2001).
When considering all size classes till 14 mm, populations
from North Portugal show lower frequencies than those
from A Marifia but animals of these sizes were present, and
probably included new recruits within sizes from 6 to
8 mm. Shell shape and size of gastropods may be strongly
influenced by abiotic (e.g. currents, exposure) and biotic

factors (e.g. predation); however, the low frequencies of
small size classes found in South Galicia and North Por-
tugal could be related to a lower larvae supply or higher
mortality during settlement, due to adverse environmental
conditions at those regions. The importance of environ-
mental conditions (especially temperature) on recruitment
of the warm-water P. lineatus was observed by Crothers
(1998). This author found that hot summer enhances the
recruitment of P. lineatus and thus is reasonable to expect
that low SST due to upwelling could reduce the recruitment
of the subtropical P. sauciatus in South Galicia and North
Portugal. This limited recruitment could explain the lower
densities found in South Galicia and North Portugal.
Moreover, the high frequency of large-sized classes in
South Galicia and especially at North Portugal could be the
result of low intra-specific competition due indeed to the
low density found at these regions. The importance of the
intra-specific competition on the size structure of the
population of P. lineatus was proposed by Williamson and
Kendall (1981). These authors found that high densities of
P. lineatus resulted in slower growth rates but, after
transplantation of specimens from high density populations
to low density ones, their growth rate suffered a dramatic
increase, despite the high abundance of other grazers and
worse environmental conditions (Williamson and Kendall
1981).

During recent years, many studies reported an increase
in the abundance and range of expansion for subtropical
species such as P. rustica (Lima et al. 2006), Stramonita
haemostoma (Linnaeus 1767) (Souto et al. 2008) and Si-
phonaria pectinata (Linnaeus 1758) (Rubal et al. 2013) at
the Iberian Peninsula. These studies related the changes on
the abundance and distribution of subtropical species
directly or indirectly to climatic and oceanographic events
that resulted in an increase in SST. Similar studies in the
British islands have shown poleward range shifts of warm-
water species in relation to SST increase (e.g. Hawkins
et al. 2003; Southward et al. 2005; Mieszkowska et al.
2006, 2007). Temperature seems to play a major role
shaping the range distribution of P. sauciatus. Low SST
due to upwelling events seemed to be responsible for the
absence of P. sauciatus in North Portugal and South Ga-
licia. The summer cold-limitation hypothesis (Hutchins
1947) could be a plausible explanation for the historical
gap in North Portugal and South Galicia. Similar results
were proposed by Wethey and Woodin (2008) to explain
the absence of the onuphid polychaete Diopatra neapoli-
tana Delle Chiaje, 1841 in North Portugal. Basically, this
theory proposes that low SST due to upwelling events
during spring and summer prevents the recruitment of
subtropical species (e.g. P. sauciatus) in North Portugal
and South Galicia. However, the weakening of the
upwelling since the 1940s has led to an increase in the SST
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on the coast about +0.01 °C per year (Lemos and Pires
2004). This progressive increase in SST in South Galicia
and North Portugal could be the responsible for the recent
colonization of these regions by P. sauciatus but future
manipulative experimental studies will be needed to test
these models.

Secondly, we explored the abundance and population
size structure of P. sauciatus at shores with different levels
of exposure. Results showed that there were not significant
differences in the abundance of P. sauciatus among shores
with different exposure. Moreover, we found well-estab-
lished populations of P. sauciatus on sheltered inner shores
(i.e. Li and Sa) than those proposed by Ardré et al. (1958)
as the limit of its distribution at the Ria de Vigo. Therefore,
it seems that exposure is not a major constraint for
P. sauciatus, because the range of distribution has extended
colonizing sheltered shores where rocky substrate was
available and salinity at fully marine values. However,
size-frequency structure among the studied shores showed
significant differences and, thus, supported partially the
second hypothesis of this study. Populations from outer and
inner parts of the ria did not show significant differences in
size-frequency structure, and both the latter and their
density values were similar to those from A Marifia.
Therefore, it seems that sheltered conditions may be more
favourable to P. sauciatus.

Conclusions

Recently, P. sauciatus has colonized its historical distri-
butional gap in North Portugal, increasing its abundance
and colonizing shores in South Galicia. This evolution on
the distribution of P. sauciatus took place during the 1990s
and the early years of the present century, probably related
to changes on the SST due to the weakness of upwelling at
these regions. However, the abundance and size structure
of the newly found populations in South Galicia and North
Portugal were significantly different to those of the his-
torically recorded populations in A Marifa. Moreover,
results showed that P. sauciatus was also able to establish
populations at sheltered shores. The latter were very similar
to those from exposed shores with the exception of slight
differences in the size-frequency structure. Considering
these results, we propose models to explain the distribution
of P. sauciatus along the Iberian Peninsula, based on direct
and indirect effects of SST, and to explain the size-fre-
quency of their populations based on their density. These
models should be experimentally tested in future studies.
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