+ model

ARTICLE IN PRESS

Palaeogeography, Palaeoclimatology, Palaeoecology xx (2005) xxx – xxx
www.elsevier.com/locate/palaeo

Pliocene Atlanto-Mediterranean biogeography of Patella pellucida
(Gastropoda, Patellidae): Palaeoceanographic implications
Carlos Marques da Silva a,*, Bernard M. Landau a,b, Rosa Domènech c, Jordi Martinell c
a

Departamento e Centro de Geologia, Faculdade de Ciências, Universidade de Lisboa. Edifı́cio C6. Campo Grande. 1749-016 Lisboa, Portugal
b
International Health Centres. Avenida Infante Dom Henrique 7, Areias de São João. 8200-261 Albufeira, Portugal
c
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Abstract
Patella pellucida is a north-western Atlantic shallow water grazing gastropod typically living and feeding on laminarian algae.
It is an Upper Cenozoic species, known from the Icelandic and Iberian Pliocene to Recent. Today the species is usually considered
to be primarily a northern cooler water species, inhabiting the Atlantic coasts of Europe, but rarely found off the Atlantic NW
African coast and westernmost Mediterranean. Its presence in the warm, subtropical to tropical, Pliocene Atlantic and Mediterranean Iberian waters is thus unexpected. P. pellucida lives on laminarian algae, which occur in cold or temperate nutrient-rich
ocean waters. At higher sea surface temperatures laminarian algae become physiologically stressed and are found only where
seasonal upwelling of cooler nutrient-rich waters occurs. Such oceanographic conditions exist today, e.g., off the western coast of
Iberia. It is suggested that similar upwelling conditions were already in place in western Iberia and in the Alboran Sea during
Pliocene times and that the distribution of P. pellucida was dictated by upwelling of nutrient-rich, cooler waters, and high
productivity conditions rather than sea surface temperature alone. Thus, the unexpected Pliocene geographic distribution of P.
pellucida demonstrates that high productivity associated with upwelling may, at least in the Atlanto-Mediterranean area, override
the dominant biogeographic pattern resulting from the latitudinal sea surface temperature gradient of water masses.
D 2005 Elsevier B.V. All rights reserved.
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1. Introduction
Patella pellucida Linnaeus, 1758= [Helcion (Ansates)
pellucidum], the blue-rayed limpet, is a well-known and
easily recognised NE Atlantic herbivorous grazing gastropod species nowadays commonly occurring in almost
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all Atlantic European coasts, typically living and feeding
on laminarian algae.
Despite its abundance in present day European Atlantic coastal environments, it is seldom referred to in
the palaeontological literature. The species is known in
the fossil record from the European Pliocene (Zanclean)
to Recent (Harmer, 1921; Knight et al., 1960; Gladenkov et al., 1980; Silva, 2001; Landau et al., 2003). Until
recently, it had been recorded in the Pliocene only from
the Tjörnes deposits of Iceland, Serripes zone (Gladenkov et al., 1980), dated as Middle Pliocene (see Leifsdóttir and Sı́monarson, 2002).
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Extensive sampling works on the Neogene of the
Iberian Peninsula have yielded P. pellucida from the
Lower–Middle Pliocene of the Atlantic Mondego basin,
central-west Portugal, (Silva, 2001) and the Lower and
Middle Pliocene (Guerra-Merchán et al., 2002) of the
western Mediterranean, southern Spain, Estepona basin
(Vera-Peláez et al., 1995; Landau et al., 2003).
In the Pleistocene it is recorded from the Atlantic
coasts of the British Isles, in Selsey, Bridlington, Scotland and in Ireland (Harmer, 1921; Glibert, 1962), and
from the bAncient QuaternaryQ of the Atlantic coast of
NW Morocco (Lecointre, 1952). It also occurs in the
French Pleistocene, in the bMarnes du Bosc d’AubignyQ
of Marchésieux (Normandy, Manche department) (A.
Janssen, pers. comm., 2003). P. pellucida is also
reported from the post-glacial deposits of Christiania
fiord, Norway (Harmer, 1921).
Today P. pellucida is usually considered to be a
northern cooler water species. It occurs in all European
Atlantic coasts (Fig. 1), from northern Norway to Portugal and south-western Spain, including Iceland and
the British Isles (Fretter and Graham, 1976; Graham,

1988). In the western Mediterranean it is very rare
(Thorson, 1941; D’Angelo and Gargiullo, 1978) and
is not recorded in several major taxonomic works
(Bucquoy et al., 1882; Giannuzzi-Savelli et al., 1994).
P. pellucida was recorded from the Canaries (Nordsieck
and Garcı́a-Talavera, 1979) and northwest Africa, at
least as far as Essaouira, Morocco (Harmer, 1921;
Lecointre, 1952). It is absent off the east coast of
England surrounding the Wash (Tyler-Walters, 2000),
where laminarian algae are also absent (Birkett et al.,
1998). P. pellucida is not present along the coasts of
Belgium, Holland, the east coast of Denmark, and the
Baltic Sea (Fretter and Graham, 1976; Poppe and Goto,
1991), nor is it present in the Azores (S. Ávila, pers.
comm., 2003) or Madeira (D. Abreu, pers. comm.,
2003).
The typical association of P. pellucida with laminarian algae stresses its cooler water character. Its presence
in the warm, subtropical to tropical, Early–Middle Pliocene Atlantic and Mediterranean Iberian waters is thus
unexpected, its palaeoceanographic implications being
discussed herein.

Fig. 1. Geographic distribution of Patella pellucida Linnaeus, 1758 in the north-eastern Atlantic.
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2. General geological and stratigraphical setting
2.1. Vale de Freixo, Mondego basin, W Portugal
Vale de Freixo is located in the Pombal region,
central-west Portugal in the Mondego Cenozoic basin
(Fig. 2). This locality is Pliocene, uppermost Zanclean
to lower Piacenzian, in age. The calcareous nannofossils assemblage from its fossiliferous beds indicate
placement in biozone CN12a of Okada and Bukry
(1980), after Cachão (1990). For more details, general
stratigraphical setting, graphic columnar section, and
additional references see Gili et al. (1995), Nolf and
Silva (1997), Silva et al. (2000), and La Perna et al.
(2003).
The Atlantic marine malacofauna of Vale de Freixo,
and of all the Pliocene sites of the Mondego basin,
corresponds to the Mediterranean Pliocene Molluscan
Unit 1 (MPMU1) as defined by Monegatti and Raffi
(2001) for the Mediterranean (Silva, 2001).
2.2. Padrón, Velerı́n and El Lobillo, Estepona basin,
SW Spain
Padrón, Velerı́n and El Lobillo are located in the
Malaga region, Southern Spain, in the Estepona basin
(Fig. 2). Until recently the Estepona–Málaga Upper
Neogene deposits were considered to represent a single
sedimentary cycle of Lower Pliocene age by some
authors (Aguirre, 1995) and Lower Pliocene to lower
Middle Pliocene age by others (Sanz de Galdeano and
Lopez Garrido, 1991).
Guerra-Merchán et al. (2002) suggested these deposits were comprised of three lithostratigraphic units,
which in turn represent three transgressive cycles. The
first (Lower Pliocene I unit) they assigned to the Mediterranean Pliocene MPL1 zone as defined by Cita
(1975), which corresponds to lowermost Zanclean.
The second (Lower Pliocene II unit) is lower Zanclean
in age (MPL2 zone). No deposits corresponding to the
upper part of the Zanclean (MPL3 and MPL4a) were
found in the study area by Guerra-Merchán et al.
(2002). The third (Middle Pliocene unit) was dated as
lower Piacenzian (upper part of the MPL4b zone).
In the Estepona basin, specimens of P. pellucida
where found in three localities, Rio del Padrón, dated
as lower Zanclean, Lower Pliocene II unit; Velerı́n
conglomerates, dated as lower Piacenzian, Middle Pliocene unit, and El Lobillo (also known as Finca). This
Pliocene locality has not yet been formally assigned to
any of the lithostratigraphic units so far defined (for
further details see Landau et al., 2003).
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The malacofauna of all these deposits fall within the
unit MPMU1, as defined by Monegatti and Raffi
(2001).
3. Material and methods
The fossil material examined and discussed in this
study results from extensive field samplings performed
over the last 20 years in the main Pliocene western and
south-western Iberian sedimentary basins (Mondego:
Gili et al., 1995; Silva et al., 2000; see Silva, 2001
for extensive references; Guadalquivir: Landau, 1984;
Estepona: Landau et al., 2003, also see Landau et al.,
2004 for extensive references) and consists of five wellpreserved specimens and two partials from Vale de
Freixo, Mondego basin, four well-preserved shells
from Padrón, three well-preserved shells, from the
Velerı́n conglomerates, and three well-preserved shells
from El Lobillo, all from the Estepona basin.
The Recent material used for comparison was collected in Portugal, both on the western (Peniche region,
Estremadura) and southern shores (Lagos region,
Algarve).
For the identification, systematics and the present
day geographic distribution of P. pellucida the following works have been used: Wenz (1938), Nordsieck
(1968), Powell (1973), Nordsieck and Garcı́a-Talavera
(1979), Rolán (1983), and Graham (1988).
4. Results. The Iberian Pliocene specimens of P.
pellucida
4.1. P. pellucida Linnaeus, 1758
The shells of the blue-rayed limpet exist in two forms:
one found on the fronds and stipes of laminarian algae,
the other in the holdfast under the stipe (Fig. 3.1–3.8).
The former, referred herein as the bP morphQ, is usually
known as bP. p. pellucidaQ or bpellucida morphotypeQ,
the latter as the bL morphQ, is known as bP. p. laevisQ or
blaevis morphotypeQ (see, e.g., Fretter and Graham,
1976; Graham, 1988; Tyler-Walters, 2000).
The Iberian Pliocene bP morphQ shells are small to
medium in size (Table 1), patelliform, antero-posteriorly elongated, fragile, translucent, without marginal fissura, apical orifice or internal septum. Protoconch not
preserved. The aperture is elliptical, base slightly concave in profile. Apex consists of a small rounded
eminence, somewhat narrower in the large specimen
from Padrón (Estepona), placed mid-line, far towards
the anterior margin, but not surpassing it. The surface is
covered by numerous, fine, concentric growth lines and
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Fig. 2. Main Cenozoic basins of south-western Iberia and location of Mondego and Estepona Pliocene basins. Dark grey areas: Cenozoic basins;
white areas: Mesozoic sediments; light grey areas: Palaeozoic sediments.

very fine radial striae almost restricted to the anterior
and posterior margins, only visible under magnification; shell margin simple, sharp and internally smooth;
inner aspect smooth and shiny; muscle scar, clearly
marked in the specimen from Padrón, horse-shoe
shaped, open at the anterior end.
Our specimens show well-preserved remnants of the
typical original colour pattern, consisting of about 23
radial rows of minute elongated to rounded dark purple
spots, originating at the apex and continuing to the
edge. The width of the spots is variable, often alternating from row to row, but always narrower than the
intervals between the rows.
The colour pattern preserved in our bP morphQ Pliocene specimens from Portugal and Spain are similar to
that seen in Recent specimens. There are some minor
differences. The radial colour pattern seen in the modern
shell consists of an interrupted line, whereas in the fossil
specimens, from both Estepona and Vale de Freixo, the
rays are made up of a series of elongated dots.
The bL morphQ shells are medium-sized (Table 1),
somewhat conico-truncated, antero-posteriorly elongated, fragile (although less so than bP morphQ shells),
without marginal fissura, apical orifice or internal septum. Protoconch not preserved. The aperture is elliptical, base slightly concave in profile. The dorsal side is
rounded, rather truncated in profile. Apex mid-line,
placed very anteriorly, almost overhanging the anterior
edge. The shell is covered by numerous, fine growth

lines; shell margin simple, sharp and internally smooth;
inner aspect smooth and shiny; muscle scar horse-shoe
shaped, open at the anterior end, but not clearly preserved. The upper part of the shell is smooth resembling
a small specimen of a bP morphQ shell placed on top of
a truncated cone. The lower portion, below a strong
growth line, ornamented by evenly spaced, numerous,
fine radial ribs, of alternate strength.
5. Discussion
5.1. The west and south Iberian Pliocene malacofaunas
It has long been recognised that the Mediterranean
and adjacent Atlantic Early–Middle Pliocene waters
were significantly warmer than in the present, with
mean sea surface temperatures (SST) 1 to 5 8C higher
than today, and supported a molluscan fauna with a
strong thermophilous character (e.g., Dowsett et al.,
1996, 1999; Monegatti and Raffi, 2001; Silva, 2001).
The presence of P. pellucida, considered to be a northern cooler water species in the warm, subtropical to
tropical, Early–Middle Pliocene Atlantic and Mediterranean Iberian waters is thus unexpected.
The Iberian Pliocene malacofaunas from the Mondego and Estepona basins, as expected, show strong
affinities with the typical Mediterranean ones found,
e.g., in Italy. However, some remarkable differences are
also evident.
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Fig. 3. Patella pellucida Linnaeus, 1758. (1) L morph shell, a — dorsal view, b — lateral view, Lagos, Algarve (S Portugal), Modern; (2) L morph
shell, a — lateral view, b — dorsal view, Vale de Freixo, Mondego Basin, Pliocene; (3) L morph shell, a — dorsal view, b — lateral view, Vale de
Freixo, Mondego Basin, Pliocene; (4) P morph shell, a — dorsal view, b — lateral view, Lagos, Algarve (S Portugal), Modern; (5) P morph shell,
a — dorsal view, b — lateral view, Padrón, Estepona Basin; (6) P morph shell, a — dorsal view, b — lateral view, Vale de Freixo, Mondego Basin; (7)
P morph shell, El Lobillo, Estepona Basin, Pliocene; (8) P morph shell, Vale de Freixo, Mondego Basin, Pliocene. Measurements of all specimens
are given in Table 1.

In the Atlantic Pliocene of the Mondego basin the
presence of gastropod taxa, such as Cymbium Röding,
Scaphella Swainson, Amalda H. and A. Adams, and
Persicula Schumacher must be explained (Silva, 2001).

These are all thermophilous genera. They are present in
the Atlantic Mondego basin, but they do not penetrate
into the warmer Pliocene Mediterranean further than the
Alboran Sea region (i.e., the Estepona basin).
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Table 1
Measurements (mm) of representative specimens of Patella pellucida
studied herein
Specimen

Fig. Locality Chronology

Shell H L
type

CMS coll.
CMS coll.
CMS coll.
VFX.03.014
BML coll.
BML coll.
BML coll.
BML coll.
CMS coll.
CMS coll.
CMS coll.
CMS coll.
VFX.03.267
BML coll.

2.4 LAG
– LAG

Modern
Modern

P
P

2.7 8.8 5.8 1.52
3.5 11.8 7.4 1.59

2.6
–
2.8
2.7
2.5
2.1
–
–

L./M. Pliocene
L./M. Pliocene
L./M. Pliocene
L. Pliocene
L. Pliocene
Modern
Modern
Modern

P
P
P
P
P
L
L
L

5.1
4.1
3.6
3.2
5.5
7.4
7.3
6.0

VFX
VFX
VFX
ELB
PDR
LAG
LAG
LAG

2.2 VFX
2.3 VFX

L./M. Pliocene L
L./M. Pliocene L

10.0
9.8
12.4
14.4
17.9
13.4
14.7
10.9

W

6.9
6.8
7.7
7.4
10.5
10.4
11.5
8.3

L/W

1.44
1.44
1.61
1.95
1.70
1.29
1.28
1.31

6.8 14.4 8.2 1.76
7.8 15.0 10.9 1.38

Specimens: CMS coll. — Carlos Marques da Silva collection; BML
coll. — Bernard M. Landau collection.
Localities: VFX — Vale de Freixo; PDR — Padrón; VLR — Velerı́n;
ELB — El Lobillo; LAG — Lagos.
Measurements: H — Height; L — Length; W — Width.

In the Estepona basin the malacofauna is even more
remarkable, not only in the wealth of taxa of tropical
affinity, common to other typical Lower Pliocene Mediterranean assemblages, but by a greater biodiversity, by
the presence of thermophilous taxa which do not extend
further into the Mediterranean, by the occurrence of
taxa suggesting an Atlantic influence and the existence
of a Miocene relict fauna (Landau and Marquet, 2000;
Landau et al., 2003, 2004).
Although the molluscan assemblages of both these
basins suggest significantly higher water temperatures
during Pliocene times than nowadays, the Estepona
waters, located in the western Mediterranean, were, as
today, warmer than those of western Iberia. Nevertheless,
the Mondego and Estepona assemblages share some traits
not found elsewhere in the Pliocene Mediterranean basin.
First, they share genera such as Cymbium, Persicula, and
Amalda, second, they share taxa suggesting a northern
Atlantic influence, e.g., Scaphella, and third, the unexpected presence of dcooler water’ taxa, such as P. pellucida. It is this last question we mean to address herein.
5.2. Laminarian algae, kelp forests and P. pellucida
Laminarian algae are large photophyllic brown seaweeds, also known as kelp, which dominate much of
the shallow rocky sublittoral habitats of the world’s
cold to temperate-water mid-latitude coasts, approximately between 408 and 608 (Little and Kitching,
1996; Birkett et al., 1998; Steneck et al., 2002). The

distribution of laminarian forests is basically constrained by light penetration at high latitudes and by
nutrient availability, temperature, and other macroalgae
at low latitudes. Warm sea water temperatures, higher
than 20 8C, and low nutrient concentrations generally
prevent kelp from developing in subtropical or tropical
regions (Steneck et al., 2002).
Nowadays, laminarian beds occur in warmer waters,
at lower latitudes, lower than 408, only when ocean
currents flowing toward the equator, or periodic upwelling, advect cooler, nutrient-rich water to the kelp
(Steneck et al., 2002).
P. pellucida typically lives and feeds on laminarian
algae, though it has also sporadically been reported from
other algae (Vahl, 1971; Fretter and Graham, 1976;
McGrath, 1992; Poppe and Goto, 1991; Tyler-Walters,
2000). In the British Isles, e.g., other than the kelp
species themselves, P. pellucida is deemed to be highly
typical of kelp beds, being among the keystone species
of kelp biotopes (Birkett et al., 1998). Its modern distribution, therefore, follows that of its host laminarian
algae. For example, although the Azores are at the same
latitude as the western coast of Portugal, rich in laminarian beds, P. pellucida does not occur in the Azores
(S. Ávila, pers. comm., 2003), where laminaria beds are
practically absent, due to reduced nutrient availability
and higher medium SSTs (Tempera and Cardigos,
2001). The only restricted occurrence of laminarian
algae in the Azores, the Formigas Islets, is associated
with the local upwelling of deeper, cooler, nutrient-rich
waters (Tempera and Cardigos, 2001). Similarly, P.
pellucida does not occur along the coasts of Belgium,
Holland, and the east coast of Denmark, and in the
Baltic Sea, where laminarian algae are rare or absent.
The presence, albeit not common, of P. pellucida
along the present day West African coast of north-western Morocco (Lecointre, 1952) and the Canary Islands
(Nordsieck and Garcı́a-Talavera, 1979), in areas where
shallow water kelps, namely the warm-temperate species
Phyllariopsis brevipes (C. Agardh) Henry and South,
Laminaria ochroleuca de la Pylaie, and the opportunist
Saccorhiza polyschides (Lightfoot) Batters (Little and
Kitching, 1996; Birkett et al., 1998), are found in association with upwelling currents, demonstrates that both
P. pellucida and laminarian algae can live in warmer
waters, provided nutrient availability is high.
5.3. P. pellucida in the European Pliocene: palaeoceanographic implications
Today, the Icelandic malacofauna is part of the north
Atlantic Boreal–Celtic molluscan province (after Raffi
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et al., 1985) and kelp forests with P. pellucida are a
common feature in the Icelandic shallow waters (TylerWalters, 2000; Steneck et al., 2002). Due to the extreme
northern geographic location of Iceland, a similar biogeographic situation would be expected in the Pliocene.
Therefore, the presence of P. pellucida in the Icelandic
northern Atlantic Pliocene is not controversial.
The western Iberian coast today is subject to
moderate seasonal upwelling (e.g., Cachão and
Moita, 2000). Upwelling occurs in the spring and
summer along the coasts of Portugal and western
Galicia, and summer mean monthly SSTs do not
exceed 20 8C. Laminarian beds, mainly with S. polyschides, but also with Laminaria hyperborea and L.
ochroleuca, whenever the substrate is adequate, are a
normal feature of the western Iberian margin, hence
the frequent occurrence of P. pellucida.
The presence of the species in the Pliocene Mondego basin, with estimated summer mean maximum
SSTs reaching 23.5 8C (Silva, 2001), suggests that in
the Early to Middle Pliocene laminarian beds already
existed and, therefore, that the Pliocene western Iberian
subtropical coast was subject to seasonal upwelling of
cooler, nutrient-rich deep waters, giving rise to high
biological productivity. Cachão (1995) reached a similar conclusion based on the abundance of Coccolithus
pelagicus (Wallich) Schiller in the Pliocene marine
sediments of the Mondego basin. C. pelagicus is a
coccolithophore that seems to consistently occupy a
particular ecological niche related to moderate turbulence conditions combined with higher nutrient avail-
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ability. Therefore Cachão and Moita (2000) propose
that C. pelagicus can be used as a proxy for the
location of productivity enhanced areas, namely upwelling induced ones.
Today in the Alboran Sea, unlike most of the Mediterranean, a similar oceanographic situation occurs
with two systems of high biological productivity associated with the Western Anticyclonic Gyre (WAG) and
the Almeria–Oran density front. In the northern extremity of the WAG an upwelling of cooler, nutrient-rich
subsurface waters occurs, the North Alboran upwelling
system (the high productivity cell of the Malaga Front
of Colmenero-Hidalgo et al., 2004), which fertilises the
sea surface levels along the Mediterranean coast of
Andalusia, in the Estepona–Malaga–Almuñecar sector
(Fig. 4) (Bárcena et al., 2001).
The present day occurrence of laminarian algae in
the Mediterranean is scarce and very localised, most
often found in the Alboran Sea, represented by Laminaria rodriguezii Bornet, L. ochroleuca, P. brevipes,
Ph. purpurascens (C. Agardh) Henry et South, and S.
polyschides (Birkett et al., 1998), hence explaining the
possible occurrence, albeit very rare, of P. pellucida in
this westernmost restricted area of the Mediterranean.
Moreover, in a study on the biodiversity patterns of
marine benthic fauna on the Atlantic coast of tropical
Africa, Le Loeuff and Cosel (1998) found that on coasts
under the influence of periodical upwelling of cooler,
nutrient-rich waters the biodiversity was higher than in
those where hydrological structure remains stable, stratified, and warmer SSTs prevail. Therefore, the occur-

Fig. 4. Predominant oceanographic features of the Alboran Sea, the western Anticyclonic Gire (WAG) and the Almeria–Oran density front. Shaded
areas represent today’s high fertility zones. Adapted from Bárcena et al. (2001) and Colmenero-Hidalgo et al. (2004).
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rence of P. pellucida in the Estepona deposits implies
the presence of laminarian algae. This, together with the
very high gastropod biodiversity, strongly suggest that
similar hydrological conditions were present in the
Pliocene Alboran Sea.
According to Monegatti and Raffi (2001), during
Early–Middle Pliocene time (during MPMU1), the Mediterranean was a tropical sea, with mean maximum SSTs
over 24–25 8C for at least five to six months every year.
In the western end of the Mediterranean, in the Alboran
Sea, although tropical conditions prevailed, slightly
lower SSTs would be expected due to the occurrence
of periodical upwelling, as observed today in some
coastal areas of tropical West Africa (Le Loeuff and
Cosel, 1998).
The fact that, seemingly, back then P. pellucida was
more common in this westernmost area of the Mediterranean Sea than nowadays, since its fossils are found in
several fossiliferous outcrops of the Estepona basin,
suggests that during Pliocene times the North Alboran
upwelling system could have been more active than
today and the productivity rates higher.

e.g., in the tropical northern Alboran Sea, dramatically
boosting molluscan biodiversity.
These findings are consistent with the conclusions of
Suc et al. (1995), Fauquette et al. (1999), and Dowsett et
al. (1996, 1999). According to these authors Early to Mid
Pliocene times represent the last interval of earth history
when climate was significantly warmer than today, yet
many other boundary conditions, i.e., position of the
continents, general oceanographic conditions, faunal
and phytogeographic provinces, etc., were essentially
unchanged.
In this context, the unexpected Pliocene geographic
distribution of the bcooler waterQ gastropod P. pellucida,
present in the subtropical to tropical waters of Atlantic
and Mediterranean Iberia, demonstrates that high productivity associated with upwelling may, at least in
specific areas, namely in the Atlanto-Mediterranean
area, override the dominant biogeographic pattern generally resulting from the latitudinal SST gradient of
water masses.

6. Conclusion
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of Lisbon), Arie Janssen, curator in the Palaeontology
Department of the National Museum of Natural History
of Leiden (The Netherlands), Pierre Lozouet of the
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Although sea surface temperature plays a major role
in controlling the latitudinal distribution of shallow
marine benthic molluscs (Monegatti and Raffi, 2001),
other factors influence, sometimes dramatically, their
biogeography.
The Mediterranean and adjacent Atlantic Early–
Middle Pliocene waters were significantly warmer
than they are in the present, tropical to subtropical,
and supported a molluscan fauna with a strong thermophilous character (e.g., Monegatti and Raffi, 2001;
Silva, 2001).
The grazing gastropod P. pellucida lives and feeds
on laminarian algae. Kelp, although generally present
only in cold to temperate mid-latitude waters, can thrive
at lower latitudes and in warmer water conditions,
warmer than 20 8C, provided there is a high enough
supply of nutrients, normally conveyed by the upwelling of cooler nutrient-rich waters.
The occurrence of upwelling is a feature of the
present day Atlantic west Iberian coast and upwelling
also occurs today, albeit at a lesser scale, in the Alboran
Sea. The presence of P. pellucida in the Pliocene of
western Iberia and in the westernmost Mediterranean
suggests that, back then, although SSTs where significantly warmer, periodical upwelling conditions where
already active in these areas, enhancing nutrient availability, enabling the existence of laminarian algae and,
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