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The southern limit of distribution of Patella vulgata

El limite sur de distribucidn de Patella vulgata
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ABSTRACT

Samples of Patella vulgata were collected along the Portuguese continental and the south-
ern Spanish coast. Specimens were identified using shell and radula characteristics.
Patella vulgata was abundant at sites north of the river Douro whereas, to the south, its
abundance decreased markedly. Patella vulgata was not observed at Portinho da
Arrébida; however, near Cape S@o Vicente, at Ponta Ruiva and Telheiro, the species was
again abundant. Passing Cape Sdo Vicente, the species became scarce. The last signifi-
cant population was observed at Ingrina, and the last specimen at Rocha. It was proposed
that these sites constitute the present day limit of distribution of P. vulgata, replacing Ode-
ceixe, reported in the literature fifty years ago. The distribution of P. vulgata is not a simple
function of the maximum or minimum seawater surface temperature, but appears to
depend directly on the temperature in May, the species being absent when the tempera-
ture is higher than ca. 18°C.

Two hypotheses were formulated to explain the influence of seawater temperature in May
on the distribution of P vulgata:

1. Inhibition of the beginning of gametogenesis due to high temperature stress during the
resting period.

2. Death of the spat due to high temperature stress, with concomitant failure of the settle-
ment of new generations on the substrates. In addition, the absence of upwelling waters in
the eastern part of the Algarve coast could hinder the larval stage of P. vulgata, and
severe competition with Patella intermedia and Patella ulyssiponensis could prevent the
establishment of those few individuals of the spat that survived. Tonel, Mareta, Martinhal,
Barranco and Ingrina sites are candidates to be used as reference points to follow future
changes in seawater surface temperature.

RESUMEN

Muestras de Patella vulgata fueron recogidas a lo largo de la costa continental Portuguesa
y de la costa sur de Espaiia. Los ejemplares fueron identificados utilizando las caracteristi-
cas de la rddula y de la concha. P. vulgata es abundante en las localidades al norte del
rio Duero. Hacia el sur, la abundancia disminuye acusadamente. No se observo P. vul-
gata en Portinho da Arrébida pero, cerca de Cabo San Vicente, en Ponta Ruiva y Tel-
heiro, la especie se vié nuevamente en abundancia. Pasando el Cabo San Vicente, la
especie vuelve a ser escasa. La Gltima poblacién significativa fue observada en Ingring, y
el dltimo ejemplar en Rocha. Se propone que éstas localidades constituyen actualmente el
limite sur de la distribucion de P. vulgata, en substitucion de Odeceixe, indicado en la bib-
liografia hace cincuenta afos. La distribucién de P. vulgata no es una funcién simple de la
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temperatura méxima o minima del agua de mar, sino que parece depender directamente
de la temperatura del agua en Mayo. Lla especie no aparece cuando la temperatura
sobrepasa ca. 18°C.

Dos hipétesis se han formulado para explicar la influencia de la temperatura del agua de
mar en la distribucion de P. vulgata:

1. Inhibicién del desarrollo de la génada, causado por stress de altas temperaturas
durante el periodo de reposo en el inicio del proceso.

2. Muerte de los juveniles, causado por stress de altas temperaturas, con el subsiguiente
fracaso del establecimiento de nuevas generaciones en el substrato. Adicionalmente, la
ausencia de upwelling en la costa oriental del Algarve puede perjudicar el estadio larval
de P vulgata y la competencia severa con Patella intermedia y Patella ulyssiponensis
puede evitar el establecimiento de los pocos juveniles que hubieran podido sobrevivir.
Tonel, Mareta, Martinhal, Barranco y Ingrina parecen localidades idoneas para ser uti-
lizadas como puntos de referencia al objeto de seguir futuras alteraciones en la temper-

atura del agua de mar.
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INTRODUCTION

Mapping the geographical distribu-
tion of a mollusc, specially its boundary
limits, is important, since it gives infor-
mation about ecological conditions that
allow good growth and reproduction of
individuals, but also about conditions that
are not favorable for the species’ survival.

Continental Portugal, at the conflu-
ence between the Atlantic and the
Mediterranean, displays a rich interplay
between the northern and southern flora
and fauna of Europe. Indeed, the pres-
ence, on our rocky shores, of four Patella
species, one northern (Patella vulgata
Linné 1758), two southern (Patella rustica
Linné 1758 and Patella ulyssiponensis
Gmelin 1791), and one with an interme-
diate character (Patella intermedia
Murray in Knapp 1857) (CHRISTIAENS,
1973, CLEMAM, 2002), attest and illus-
trate this convergence of influences.

The paper by FISHER-PIETTE AND
GAILLARD (1959) on the distribution of
limpets along the Iberian and Moroccan
coasts established Odeceixe, on the
southwest coast of continental Portugal,
as the southern limit of distribution of P.
vulgata. Almost half a century after this
work, we felt that it was worth and
opportune to re-analyze the issue of the
southern limit of this species. Marine
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and coastal environments have changed
substantially, seawater temperature is
rising. These factors might have changed
the distribution of P. vulgata since the
1950s. There is at present a considerable
amount of detailed data on environmen-
tal variables, such as atmospheric and
seawater temperatures. We are now in a
better position to formulate hypothesis
on factors involved in the southern limit
of distribution of this northern Patella
species. The aims of this investigation
were therefore twofold. Firstly, to deter-
mine, in detail, the present day southern
limit of distribution of P. vulgata, updat-
ing the information of FISHER-PIETTE
AND GAILLARD (1959), and complement-
ing the recent studies of BOAVENTURA
(2000), BOAVENTURA, RE, FONSECA AND
HawkINs (2002a) and SANTOs (2000).
Secondly, to explain or formulate
hypothesis on the main factors involved
in determining the southern limit of dis-
tribution of P. vulgata.

MATERIAL AND METHODS

Sampling was carried out along the
Portuguese continental coast, from the
far northern to the far southern rocky
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Figure 1. Localization of sampling sites on the Portuguese continental coast (#1 - #35) and in the
Huelva region (#36 - #37). Abundance of Patella vulgata at each sampling site.

Figura 1. Localizacidn de las localidades de muestreo en la costa continental portuguesa (#1 - #35) y en
la costa de la region de Huelva (#36 - #37). Abundancia de Patella vulgata en cada localidad de

muestreo.

shores. In addition, three beaches with
rocky substrates in the southern coast of
Portugal (the pontoon of Vila Real de
Santo Anténio) and Spain (the collapsed
towers of Torre del Oro and Torre de la
Higuera) were examined. The identifica-

tion and localization of all studied sites
is presented in Figure 1 and Table L.
Only beaches accessible by walking
were examined. Rocky zones between
beaches only accessible by boat were not
surveyed.
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Observations were carried out by
walking along the beach, generally
starting 1 hour before and ending 1
hour after the lowest tide. All ecological
niches were examined, from those fully
exposed to wave action to protected
sites, and from sunny to damp, shady
sites, including caves (particularly abun-
dant on the Algarve coast). A prelimi-
nary identification of P. vulgata speci-
mens was carried out in the field using
conchological characters. Representative
P. vulgata specimens of all sizes and
from all shore levels were then collected,
transported to the laboratory and frozen
until analysis. Specimens were analyzed
for shell and radula characteristics. In
the laboratory, the animals were
immersed for a few minutes in boiling
water to separate the shell from the soft
part. The radula was removed from the
visceral mass by dissection, immersed
in household bleach to remove
mucilaginous substances, and washed
in distilled water. External and internal
shell surfaces were examined and their
characteristics recorded. After air-
drying, the radula was observed using a
binocular microscope. The morphology
of the pluricuspid teeth was observed in
detail with 80 x final magnification. The
final identification of specimens was
based on characteristics of the shell and
radula, by comparison with data
reported in the literature (FISHER-PIETTE,
1934, 1935; FISHER-PIETTE AND GAIL-
LARD, 1959; EvAaNs, 1947, 1953; ROLAN,
1993; ROLAN AND OTERO-SCHMITT, 1996)
and in previous publications (CABRAL,
2003, 2005). The great majority of pre-
liminary identifications were confirmed
after examining the radula. The abun-
dance of P. vulgata was then estimated
for each sampling site using the follow-
ing classification: 1. Abundant, if many
individuals were present, and evenly
distributed. 2. Not very abundant, if
more than 25 individuals were
observed, but these were not regularly
distributed. 3. Scarce, if only 5 - 25 speci-
mens were found in the survey. 4. Very
scarce, if less than 5 individuals were
observed. 5. Absent, if no specimen was
observed.
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In order to correlate the distribution
of P. vulgata with environmental vari-
ables, a preliminary search was carried
out in reference literature — oceano-
graphic atlases (MAILLARD, 1986;
OCEANOGRAPHIC ATLAS OF THE NORTH
ATLANTIC OCEAN; WORLD OCEAN
ATLAS) and Portuguese Metereological
Institute on-line publications (IM, 2006),
focusing on the region between Brittany
(France) and Huelva (southern Atlantic
Spain), and examining the most impor-
tant candidate variables: coastal air tem-
perature; air temperature and relative
humidity at ocean surface; seawater
surface temperature (SST); salinity, dis-
solved oxygen, alkali-chloride coeffi-
cient and phosphates of the seawater.

SST along the Atlantic coast between
Brittany and Huelva was examined in
detail. Three different sources of infor-
mation were used.

1. Shore SST data provided by the
Portuguese Metereology Institute,
Lisbon. These temperatures were mea-
sured every day, at 9 am local time,
directly from the seashore, in shallow
water. On the Portuguese continental
coast, data are available from seven sites
(Cape Santa Maria, Cape Santa Marta,
Forte do Cavalo, Leixdes, Peniche,
Rocha and Sines), as means of the
period 1981-2000 (CARVALHO AND
SOARES, 2001).

2. Nearshore SST data provided by
the Portuguese Hydrographic Institute
(Lisbon) and the Spanish Puertos del
Estado. These temperatures were mea-
sured at regular intervals (usually every
hour), in buoys located near the coast,
and are displayed as monthly means.
For the Portuguese continental coast,
data are available from three buoys
(Faro, Leixdes and Sines), but spanning
very different periods:

- Faro, from 2000 to 2004, with most
years complete

- Leixdes, from 1998 to 2004, but
most years were incomplete.

- Sines, from 1996 to 2004, with most
years complete.

The raw information was purchased
from the Hydrographic Institute. For the
Spanish Atlantic coast, data are avail-
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Table . Identification of sampling sites. Maximum shell length of Parella vulgata and number of
analyzed specimens collected at each sampling site.

Tabla 1. Identificacion de las localidades de muestreo. Extension longitudinal mdixima de la concha y
niimero de ejemplares de Patella vulgata recogidos en cada localidad.

#  |dentification Coordinates:W /N Maximum shell length ~ Number of specimens  Near AVHRR #
1 insuo -8.8740  41.8701 49.7 365 -1
2 Moledo -8.8702  41.8452 39.7 49 +]
3 Ado -8.8756  41.7818 41.9 46 +2
4 Nfife -8.8754  41.7798 39.7 42 42
5 Agucadoura/A Ver-o-Mar 8.7821 414319 49.4 366 +14
6 Figueira da Foz -8.9060  40.1773 41.1 b +62
7 Sdo Martinho do Porto 13608 395159 42.9 21 +85
8  Baleal 93382 39.3742 41.2 16 +88
9 Friceira 94182 38.9648 38.9 33 +100
10 Sdo Jodo do Estoril 93722  38.6940 49.6 27 +113
11 Oeiras 93240 38.6773 459 18 +114
12 Portinho da Arrdbida -8.9715  38.4840 - Not found +126
13 Odeceixe -8.7944  37.4478 435 15 +167
14 Amoreira -8.8434  37.3553 42.2 18 +171
15 Monte Clérigo -8.8521  37.3423 47.9 27 +171
16 Bordeira -8.8987  37.2022 45.3 41 +177
17 Amado -8.9036  37.1682 45.0 56 +177
18  Ponfa Ruiva -8.9672  37.0691 52.3 62 +182
19 Telheiro -8.9781  37.0478 49.5 15 +182
20 Tonel -8.9471  37.0082 55.9 8 +187
21 Mareto -8.9383  37.0065 47.4 8 +187
22 Marfinhal -8.9266  37.0166 418 10 +188
23 Baranco do Benagoitdio -8.8937  37.0421 56.6 10 +188
24 Ingrina -8.8778  37.0477 44.7 25 +188
25  Iavial -8.8705  37.0477 - Not found +189
26 Solema -8.8233  37.0661 43.6 4 +190
27 luz -8.7250  37.0879 ) 1 +192
28 Lagos - Dona Ana -8.6679  37.0932 - Not found +194
29  Trés Irmios -8.5763  37.1199 - Not found +195
30 Rocha -8.5410 37.1182 3950 2 +196
31 Carvoeiro-Vale de Centianes -8.4503  37.0911 - Not found +199
32 Marinhg -8.4109  37.0912 - Not found +199
33 Armago de Pera -8.3534  37.1019 - Not found +200
34 Olhos d'Agua -8.1912  37.0905 - Not found +205
35 Vila Real de Santo Antdnio -7.4092  37.1770 - Not found +222
36 Torre del Oro -6.7349  37.0941 - Not found +237
37 Torre de la Higuera -6.5623  37.0071 - Not found +241
able from two buoys (Bilbao and Gijon), Resolution Radiometer) on board the

for March to November, 2004, and NOAA series polar orbiting satellites.
downloaded from the Puertos del The AVHRR measures emitted and
Estado site (www.puertos.es). reflected radiation in two visible and

3. Nearshore SST data estimated three infrared channels. SST estimates
from the AVHRR (Advanced Very High use the infrared channels information,
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calibrated with in situ determinations
measured using moored and drifting
buoys (SMITH, VAZQUEZ, TRAN AND
SUMAGAYSAY, 1996). AVHRR measures
the ocean’s «skin» temperature, corre-
sponding to the uppermost millimeter
of the ocean (SMITH ET AL., 1996). Buoys
measure the temperature of the underly-
ing mixed layer, the ocean’s «bulk» tem-
perature (SMITH ET AL., 1996). The ocean
skin temperature can be as much as
0.7°C cooler than the bulk temperature,
due to evaporation or radiative cooling
(SMITH ET AL., 1996). However, since
AVHRR measurements are calibrated
using buoys’ determinations, the final
estimate resembles more closely a bulk
temperature estimate than a skin tem-
perature estimate (SMITH ET AL., 1996).
Data were downloaded from the
AVHRR Pathfinder v5 data set, at
http:/ /poet.jpl.nasa.gov, as monthly
means, from 1985 to 2004, with night-
time retrieval. Each pixel corresponds to
a square with a 4 km side. Data were
first downloaded in sets corresponding
to squares with 1° longitude x 1° lati-
tude. The closest, or the two pixels
closer to the coast were then selected,
and the other values discarded. This
procedure resulted in 350 SST pixels
along the northern French and Spanish
coast, and 243 SST pixels along the Por-
tuguese and southern Spanish coasts
(Fig. 2). Two sets of data were built. One
set, with mean maximum (August) and
mean minimum (February) SST for the
period 1984-2004, along the entire set of
pixels (-350 to +243). Another set, with
monthly means for the year 2000, along
the Biscay coast, and from Galicia to the
furthest pixel +243. One of the limita-
tions of the AVHRR measurements is
cloud cover, which results in several
absences of estimates, especially in
winter months. For the calculation of
maximum and minimum means, only
pixels with more than 50% determina-
tions were used. For comparison
between shore or buoys SST determina-
tions, and AVHRR SST estimates, those
pixels closest to the shores or buoys
were chosen, and were for, Cape Santa
Maria, Cape Santa Marta, Forte do
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Cavalo, Leixoes, Peniche, Rocha and
Sines, pixels +211, +112, +123, +21, +90,
+196 and +114, respectively, and for the
buoys of Faro, Leixdes, Sines, Bilbao and
Gijon, pixels, +211, +18, +145, -169 and -
111, respectively. These three sources of
information on the SST have advantages
and limitations. Shore and buoys data
were available only at a few sites along
the examined coast, and were particu-
larly scarce in the Portuguese and
Spanish southern coast. Both sources are
expected to be accurate, since determi-
nations were carried out with measur-
ing instruments. Shore data were deter-
mined on the beach (only once a day),
but buoys were near the coast (several
readings per day). AVHRR data are con-
tinuous along the studied coast, but the
values are estimates, with several
months missing due to cloud cover, and
measured pixels were near the coast, not
on the shore.

In order to correlate the distribution
of P. vulgata with the geology of the Por-
tuguese continental coast, the rocks of
the sampling sites were identified using
reference literature (CARTA GEOLOGICA
DE PORTUGAL).

To test if the slope and intercept of
the regression lines were significantly
different from one and zero, respec-
tively, the procedure of ZAR (1984) was
used. Significance level was set at 0.05.

RESULTS

I Distribution, abundance and size
of P. vulgata

P. vulgata shells are shown in Figures
3 and 4, including the four specimens
collected from the extreme far sites of
Salema, Luz and Rocha (Figs. 3, 4, H-K).
Shells had an ellipsoidal, slightly eccen-
tric base. Shell conicity was variable, but
shells were usually neither very flat nor
very tall. The margin of the shell was
entirely or slightly indented. The exter-
nal surface was smooth at the apex,
with spaced discreet ribs below. Shells
from high shore levels were usually bare
(Figs. 3, 4, A-C), but those from mid and
low shore levels were completely
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Figure 2. Localization of the AVHRR pixels used to estimate nearshore SST, from Brittany

(France) to Huelva (Spain). Representative mainland coastal sites near the AVHRR pixels are dis-

played.

Figura 2. Localizacion de los pixels AVHRR utilizados para estimar la SST cerca de la costa, desde
Bretajia (Francia) hasta Huelva (Espafia). Se muestran localidades representativas de la costa cerca de

los pixels AVHRR.
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J

Figure 3. Representative shells of specimens of Patella vulgata found along the Portuguese conti-
nental coast. A-C, from Ericeira; D, from Sao Martinho do Porto; E, from Figueira da Foz; E from
Ponta Ruiva; G, from Ingrina; H, from Salema; I, from Luz; J-K, from Rocha. A-C, specimens
from high shore levels. D-K, specimens from mid-low shore levels.

Figura 3. Conchas representativas de ejemplares de Patella vulgata encontrados en la costa continental
de Portugal. A-C, de la Ericeira; D, de Sdo Martinho do Porto; E, de Figueira da Foz; F de la Ponta
Ruiva; G, de Ingrina; H, de Salema; I, de Luz; J-K, de la Rocha. A-C, ejemplares de niveles altos de la
playa. D-K, ejemplares de niveles medios y bajos de la playa.

covered with algae (Figs. 3, 4, D-K).
Almost all shells had a silvery head scar,
in the interior. A few specimens showed
a whitish-silver head scar. Below the
head scar, most specimens had alternat-
ing dark and orange/yellow/green
rays, but a few specimens were almost
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totally yellow (Fig. 4C) or dark (Fig. 4D).
The most notorious and constant char-
acteristics of P. vulgata shells were the
smooth external surface at the apex and
the silvery interior head scar. No consis-
tent morphological trend was observed
in specimens from north to south, and
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Figure 4. Interior of shells shown in Figure 3. Same localities.
Figura 4. Interior de las conchas de la Figura 3. Mismas localidades.

no peculiar characteristics were
observed in specimens collected at the
extreme sites of Salema, Luz and Rocha.
The morphology of pluricuspid teeth in
the radula was similar to the types
reported in the literature (FISHER-PIETTE,
1934, 1935; FISHER-PIETTE AND GAIL-
LARD, 1959; EvaANs, 1953; HAWKINS,
WaTsoN, HiLL, HARDING, KYRIAKIDES,
HutcHINSON AND NORTON, 1989;
CABRAL, 2003). The most notorious and

constant characteristic of the radula was
a pointed extension on the outer side of
cusp 3. The size of this pointed exten-
sion varied between specimens, and in a
tew, was very reduced, but was always
present, including in specimens col-
lected at the extreme sites of Salema,
Luz and Rocha.

The abundance of P. vulgata showed
a generally decreasing trend from north-
ern to southern sites, till Cape Sao
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Figure 5. Relationship between nearshore SST estimated from AVHRR (means 1985-2004) and
shore SST measured by instruments (means 1981-2000). Insert, results for testing if the slope and
intercept were significantly different from 1 and 0, respectively.

Figura 5. Relacidn entre la SST cerca de la costa estimada por AVHRR (media 1985-2004) y la SST
medida por instrumentos (media 1981-2000). En recuadro, resultados para testar si la pendiente y
ordenada son significativamente diferentes de 1 y 0, respectivamente.

Vicente, and then from western to
eastern sites (Fig. 1). However, this
pattern was not regular. P. vulgata was
abundant at sites north of the river
Douro. To the south, abundance
decreased pronouncedly, but near Cape
Sao Vicente, at Ponta Ruiva and Telheiro
(#18 and #19), P. vulgata was abundant.
P. vulgata was not observed at Portinho
da Arrabida (#12). Passing Cape Sao
Vicente, the species became scarce, and
the last significant population was at
Ingrina (#24). The species was observed
even to the east, at Salema, Luz and
Rocha, but only very few specimens
were observed.

Maximum shell size varied between
sites (Table I), and no trend was
observed from northern to southern
sites. Even at the far extreme site of
Salema (#26), shells reached consider-
able dimensions. Only at Luz and Rocha
(#27 and #30), shells were small, but not
minute. Therefore there was no correla-
tion between abundance and maximum
size of P. vulgata along the Portuguese
continental coast. The relative size of
radula to shell length was usually in the
range 1.5-2.0. Similar values have been
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reported in the literature (CABRAL, 2003,
2005). No trend in radular relative size
was observed from northern to southern
sites.

Il Patterns of SST variation along
the French, Spanish and Portuguese
coasts

A preliminary search carried out in
reference literature revealed that for the
region considered between Britanny and
Huelva, out of all possible variables,
only two exhibited a clear trend from
north to south till Cape Sao Vicente, and
then from west to east — the air tempera-
ture along the coast and ocean surface,
and the sea surface temperature (SST).

The relative humidity of air at the
ocean surface displayed no significant
trend in this region. Salinity of seawater
at the surface decreased slightly along
the Brittany coast, Bay of Biscay, and the
northern and central Portuguese coast
due to the output of fresh water from
large rivers in these regions, but from
the southern coast of Portugal to south-
ern Spain, water salinity was constant.
Dissolved oxygen and the alkali-chlo-
ride coefficient were constant between
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Table II. Regression analysis of nearshore SST estimated by AVHRR versus measured by instru-
ments in buoys. Tests if the slope is significantly different from 1 and the intercept from 0.
Tabla II. Andlisis de regresion de la SST cerca de la costa estimada por AVHRR versus medida por
boyas. Muestra si la pendiente es significativamente diferente de 1 y la ordenada diferente de 0.

Site,/Buoy Slope Intercept r

Bilbao 1.02 ns 0.39 ns 0.987*

Gijon 1.15ns -3.12 ns 0.963*

Leixdes 112355 -3.23s 0.872*

Sines 1.22s 297 s 0.934*

Faro 0.874 ns 2.77ns 0753
(*)P < 0.001

Galicia and southern Spain. Phosphates
decreased slightly until the central Por-
tuguese coast, but were then constant to
the south.

The air temperature in the southern
Portuguese coast increased, slightly
from Sines (near AVHRR pixel +144) to
Sagres (near AVHRR pixel +184), and
then pronouncedly from Sagres to
Rocha (near AVHRR pixel +196) and
Faro (near AVHRR pixel +211). The
August mean/maximum air tempera-
tures (for the period 1961/71-1990) for
these coastal stations were 19.0/21.4,
20:2/23.4, 23.1/28.2, 23.4/28.8 (IM,
2006). The southern limit of distribution
of P. vulgata therefore corresponds to an
area with a marked eastward increase in
air temperature. However, for the
reasons presented in the discussion, it
seemed unlikely that this environmental
factor was directly involved in the dis-
appearance of P. wvulgata from the
western Algarve coast.

In order to test the involvement of
the SST in the southern limit of distribu-
tion of P. vulgata, this variable was
examined in detail, using three sets of
data from three different sources. Signif-
icant correlations were found at all com-
parisons between = AVHRR and
nearshore or buoys data, and for most of
the comparisons, the slope and intercept
of the regression line were not signifi-
cantly different from 1 and 0, respec-
tively (Fig. 5, Table II), indicating that
these three sources of information gave
comparable results. However, for both

Leixdes and Sines buoys, the slope and
intercepts were significantly higher than
1 and lower than 0, indicating either an
under-estimation by the buoys or an
over-estimation by the radiometer. In
light of these findings, and considering
the fine detail and continuity of AVHRR
data in the region of study, this source of
information was explored in detail.
Firstly, we examined the distribution
of the maximum (August) and minimum
(February) SST along the Atlantic coast
between Brittany and Huelva (Fig. 6). In
August, SST was high in Bay of Biscay,
decreasing until the northwestern corner
of the Iberian peninsula in Galicia, and
then increasing until Huelva, at first
slightly until Cape Sao Vicente area, and
then pronouncedly eastwards to Huelva
region. The region between Cape Finis-
terre (near AVHRR pixel -24) and Cape
Sao Vicente (near AVHRR pixel +184) is,
in summer, affected by a vigorous
upwelling regime, driven by strong
northerly winds associated with the
northward displacement of the Azores
high-pressure cell and the weakening of
the Iceland low (FERREIRA, 1984, 1986,
2005; RELVAS AND BARTON, 2002, 2005).
Between April-May and September-
October, cold, less saline and nutrient-
rich subsurface waters emerge at the
surface, near the coast in this region, low-
ering the SST (FERREIRA, 1984, 1986, 2005;
Froza, HAMANN, AMBAR, DIAZ DEL RIO,
GONZALEZ AND CABANAS, 1998; RELVAS
AND BARTON, 2002, 2005). On occasions,
water upwells on the west coast, extends
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Figure 6. Maximum (August) and minimum (February) nearshore SST estimated from AVHRR
(means for 1985-2004) between Brittany and Huelva. The localization of the pixels is presented in
Figure 2. Only pixels with more than 10 values are represented. The arrow indicates the end of dis-

tribution of Patella vulgara.

Figura 6. SST cerca de la costa, mdxima (Agosto) y minima (Febrero), estimada por AVHRR (medias
1985-2004) desde Bretania (Francia) hasta Huelva (Espana). La localizacion de los pixels estd represen-
tada en la Figure 2. Solamente pixels con mds de 10 valores estdn representados. La flecha indica el final

de la distribucidn de Patella vulgata.

around Cape Sao Viente, eastward along
the Algarve shelf (FERREIRA, 1984, 1986,
2005; RELvAs AND BARTON, 2002, 2005).
The intensity and frequency of these
upwellings decreases from west to east
along the Algarve south coast (RELVAS
AND BARTON, 2002, 2005). The upwelling
phenomenon explains the relatively low
SST along the western coast of the Iberian
peninsula, in August, shown in Figure 6.
Considering the distribution of P. vulgata
observed in the present work, and the
data reported in the literature indicating
the presence of this species on the French
and northern Spanish coast, including
Bay of Biscay, it became clear that neither
the maximum nor the minimum SST per
se could explain the distribution of P.
vulgata. Maximum SST in Bay of Biscay
were higher then in Salema - Rocha
(AVHRR pixels +190 - +196), where the
last specimens of P. wvulgata were
observed. Minimum SST in eastern
Algarve and Huelva (where P. vulgata
was not observed) were not higher than
in the region of Salema — Rocha.
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Guided by the published information
on the life cycle of P. vulgata, in particular
the study of PENA, YAGUE AND IBANEZ
(1987) showing, for Bay of Biscay, a cor-
relation between the gonadal stages and
SST three months before, we examined
the monthly distribution of the SST, in
Bay of Bascay and from Galicia to Huel-
va, for the year 2000 (Fig. 7). Data for Feb-
ruary and August agreed with previous
observations for the 1985-2004 means. The
upwelling phenomenon is evident be-
tween May and September, with a rela-
tively low SST along the west coast of the
Iberian peninsula, as referred above. When
comparing the distribution of P. vulgata
and each of the monthly graphs, we found
a close similarity between the distribu-
tion of the SST in May and the occur-
rence/absence of P. vulgata along the coast.
The species occurs for SST lower than ca.
18°C. In Bay of Biscay and along the coast
up to Salema —Rocha (AVHRR pixels +190
- +196), the SST was lower than this val-
ue, except the AVHRR pixels +120 - +130,
which slightly exceeded this value. Re-
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Figure 7. Monthly nearshore SST estimated from AVHRR (for the year 2000), for Bay of Biscay,
and from Galicia to Huelva. The localization of the pixels is presented in Figure 2. Missing values
were not available in the AVHRR Pathfinder v5 database. The arrow indicates the end of distribu-
tion of Patella vulgata.

Figura 7. SST cerca de la costa, media mensual, estimada por AVHRR (para el afio 2000), para el
Golfo de Vizcaya, y desde Galicia hasta Huelva. La localizacion de los pixels estd representada en la
Figure 2. Los valores no representados no estaban disponibles en la base de datos del AVHRR Pathfinder
v5. La flecha indica el final de la distribucién de Patella vulgara.

69



Iberus, 25 (1), 2007

markably, in Portinho da Arrabida
(AVHRR pixel +126) we found no P. vul-
gata specimens. Sites beyond Salema —
Rocha displayed SST values higher than
18°C, and the values increased pro-
nouncedly to the east. From November
to April, SST’s in the eastern Algarve and
Huelva (where P. vulgata was not ob-
served) were not higher than in the re-
gion of Salema — Rocha. From June to Oc-
tober, SST’s in Bay of Biscay were similar
or higher than in Salema — Rocha (AVHRR
pixels +190 - +196), where the last speci-
mens of P. vulgata were observed.

DISCUSSION

The results presented in this work
complement the recent studies of
BOAVENTURA (2000), BOAVENTURA ET AL.
(2002a) and SANTOS (2000), and allow an
updating of the information presented
in FISHER-PIETTE AND GAILLARD's (1959)
paper on the distribution of limpets
along the Iberian and Moroccan coast.

Our results agree with BOAVENTURA
(2000), BOAVENTURA ET AL. (2002a) and
SANTOs (2000) that, at present, P. vulgata
is frequent or abundant at sites north of
the river Douro, and that abundance
sharply decreases towards southern
sites. Our results are in general agree-
ment with data reported by SANTOS
(2000), who surveyed sites north of the
Tejo river. However some differences
exist between SANTOS’s (2000) results
and our survey. At Afife, where SANTOS
(2000) found only one specimen, we
reported P. vulgata as abundant. At Sao
Martinho do Porto and Baleal, SANTOS
(2000) reported the absence of P. vulgata,
and we scored the species as scarce (5-25
individuals). These differences are most
probably due to the sampling methods
used. Whereas SANTOS (2000) used the
transect method, we have made searches
by walking along the site, covering
therefore a much wider area. BOAVEN-
TURA (2000) and BOAVENTURA ET AL.
(2002a) only reported mean abundances
for the north, centre and south sites, and
therefore a detailed comparison with the
present work is not possible.
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Important differences (but also some
similarities) were found between the
present day distribution, abundance
and size of P. vulgata along the Por-
tuguese continental coast, and the situa-
tion fifty years ago described by FISHER-
PIETTE AND GAILLARD (1959). As
reported by FISHER-PIETTE AND GAIL-
LARD (1959), we were unable to find the
species at Portinho da Arrédbida.
However, we observed this species at
Figueira da Foz (although it was scarce),
whereas FISHER-PIETTE AND GAILLARD
(1959) reported it as absent.

FISHER-PIETTE AND GAILLARD (1959)
reported that P. vulgata occurred at Ode-
ceixe (very scarce), but was not found at
Sagres, Lagos, Portimdo and Armacéo
de Pera, and concluded that the south-
ern limit of distribution of the species
was Odeceixe. In the present survey, P.
vulgata was scarce or very scarce, but
was observed, at Tonel and Mareta (#20
and #21), near Sagres, and at Rocha
(#30), near Portimao. The last significant
population was found at Ingrina (#24),
between Sagres and Lagos, and the last
specimens were observed precisely at
Rocha (#30). We have also not found the
species at Lagos and Armacao de Pera
(#28 and #33). Based on these observa-
tions, we propose here, therefore,
Ingrina as the present day southern
limit of distribution of P. vulgata (as a
significant population), replacing Ode-
ceixe, as reported by FISHER-PIETTE AND
GAILLARD (1959).

We envisage two causes to explain
these differences between Fisher-Piette
and Gaillard (1959) and our results and
conclusions. We have surveyed a much
higher number of sampling sites than
these malacologists. FISHER-PIETTE AND
GAILLARD (1959) apparently did not
survey the region between Odeceixe and
Sagres, and therefore were not aware of
Amoreira, Monte Clérigo, Bordeira,
Amado, and specially, Ponta Ruiva and
Telheiro (#18 and #19), which, at present,
have abundant P. vulgata populations.
The region between Sagres and Lagos
was also not studied, and this is precisely,
at present, the most important zone in
the southern limit of distribution of this
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species. In addition to this cause, essen-
tially methodological, environmental
factors, such as pollution, habitat degra-
dation and SST changes can be involved
in the differences found between the
present day distribution of P. vulgata and
the situation fifty years ago.

Our results agree with FISHER-PIETTE
AND GAILLARD’s (1959) observations
that P. vulgata reaches the southern
boundary of distribution without
decreasing in size. Indeed, only at the
three far extreme sites of Salema, Luz
and Rocha, shells were considerably
smaller than in the other sites. It should
be remembered, however, that popula-
tions from these sites were minute, and
therefore the statistical significance of a
maximum value is restricted.

Is there a main cause for the ending
of the species at Ingrina? What is the
factor determining this southern limit of
distribution of P. vulgata?

«Geographical limits may be set by in-
ability to withstand physical conditions di-
rectly or to compete successfully where effi-
ciency is somewhat impaired; or they can be
set by a failure in the reproductive/recruit-
ment process; the higher sensitivity of repro-
ductive then somatic processes to tempera-
ture conditions has long been known in ma-
rine species» (BOWMAN AND LEwIS, 1977).
Guided by these concepts, we consid-
ered, firstly, general factors that influ-
ence the growth and survival of the ani-
mals, such as the substrate, food supply,
and wave exposure.

We ruled out substrate geology as a
likely cause for the disappearance of P.
vulgata in Algarve for the following
reasons. 1. In sampling sites #1-#34,
limpets occurred throughout on hard or
very hard rocks, independently of their
precise composition. Patella spp. were
observed on granites (#1-#5), limestones
(#6-#8, #16, #19-#34), basalts (#17) and
sanstones (#10, #11). However, limpets
were not found in very soft rocks such
as marls and soft clays present in sam-
pling sites #6 and #8. 2. In sampling sites
#19-#34 (corresponding to the southern
area of distribution of P. vulgata), lime-
stone was the dominant substrate, and
no appreciable difference was observed

between the geology of sampling sites
with and without P. vulgata. In addition,
P. intermedia, P. rustica and P. ulyssiponen-
sis, were abundant in all these sites,
including those where P. vulgata was
absent.

Limpets are herbivorous and graze
on algae. Lack of appropriate algal cov-
erage of the substrate can limit popula-
tions. Limpets are usually found both in
calm and exposed sites, although the
degree of exposure influences the
animals’ density. P. vulgata prefers shel-
tered sites, but also occurs on exposed
sites. Considering the observed distribu-
tion of P. vulgata, our field observations
indicated that these factors were also
unlikely to be involved in the southern
limit of distribution of P. vulgata.

Limpets are molluscs of the inter-
tidal zone, and P. vulgata can occur
between low and high shore levels. This
environment is dominated by the direct
influence of the tidal cycles. The animals
are alternatively out of water and
immersed, and therefore are influenced
by both atmospheric conditions (sun
exposure and air temperature) and sea-
water composition and temperature.

We therefore considered, secondly,
these factors, and found that only two
exhibited a clear trend from north to
south till Cape Sao Vicente, and then
from west to east — the air temperature
along the coast and at the ocean surface,
and the SST. We consider it unlikely that
the first factor is involved in the south-
ern limit of distribution of P. vulgata for
the following reasons. Both high sun
exposure and air temperature can result
in dehydration, which beyond a certain
threshold value, results in death of the
animal. At Ingrina, the observed
animals were located on a fully exposed
surface. The animals were exposed to
solar radiation almost all day long. At
sites to the east of Rocha, we searched
all ecological niches on the shores,
including shady areas and caves, where
the animals were never exposed to
direct sunlight. No specimen was found.
Although air temperature on the south
coast increases markedly from west to
east, it seemed unlikely that at Ingrina,
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dehydration stress was lower than in a
cave of Carvoeiro or Marinha, for
instance. If sun exposure and air tem-
perature were determinant factors in the
distribution of P. vulgata, ongoing to the
limit of distribution, we would have
expected to find the animals in an
increasingly sheltered and shady envi-
ronment, a pattern which was not
observed. We therefore considered this
factor no further in our research.
Thirdly, we studied in detail the
variation of the SST between Bay of
Biscay and Huelva region, and found a
close relation between May means and
the observed distribution of P. vulgata.
Since reproduction and the life cycle of
P. vulgata are directly dependent on sea-
water temperature, we analyzed data
reported in the literature on this issue.
In the northern Portuguese coast, go-
nads are inactive from May to July.
Ripening of the gametes begins in Au-
gust. Spawning begins in September-Oc-
tober, is at maximum in November-Janu-
ary, and then decreases. In April-May, the
gonads are again in the neuter resting
condition (GUERRA AND GAUDENCIO,
1986). According to BOWMAN AND LEWIS
(1986), the main spawning time displays
a north/south gradient, being in the
summer in northern Europe (July-August
in Norway, August-October in Scotland),
and in the winter in northern Iberia. Pub-
lished information confirms this rule. ORr-
TON, SOUTHWARD AND DODD (1956) stud-
ied the breeding cycle at several sites in
the British Isles, from Aberdeen in the
north to Plymouth in the south, and
found that maximum gonad develop-
ment occurred in August-September at
northern sites, and in September-October,
at southern sites. At Robin Hood Bay, on
the north-east coast of England, BOWMAN
AND LEWIS (1977) reported maximum go-
nad index in October-November. In
Bantry Bay, on the southwest coast of Ire-
land, THOMPSON (1980) found maximum
gonad index in September-January. On
the south coast of England, Evans (1953)
observed full reproduction in late au-
tumn-early winter. At the Orkney Is-
lands, BAXTER (1983) reported spawning
occurring in December-February. At Saint
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Malo (France), FISCHER-PIETTE (1948)
found maximum gonad development in
October-January. On the Basque coast,
IBANEZ AND FELIU (1983) and FELIU AND
IBANEZ (1984) observed reproduction in
November-January. On the coasts of Bay
of Biscay, PENA ET AL. (1987) found maxi-
mum gonad development in October-De-
cember. It is therefore plausible that in
the south coast of Portugal, the maxi-
mum gonad index is reached in Decem-
ber-January or slightly later.

The larval cycle is brief. Sex cells, sper-
matozoa and eggs, are discharged into the
sea. One day after fertilization, the animals
are pelagic trochophores; in two-three
days, they are early veligers; in four-five
days, torsion is completed, and at nine
days, they have reached 0.2 mm length
and become sedentary veligers, starting
metamorphosis (DoDD, 1957; CHOQUET,
1968; LEwIs AND BOWMAN, 1975; BOWMAN
AND LEwIS, 1977). The definitive shell then
replaces the larval early shell (CHOQUET,
1968). After settlement and until the pro-
duction of a calcified shell (with ca. 0.7
mm length), spat is very sensitive to low
and high temperatures, desiccation, and
rough seas, and therefore is only found in
protected, damp and shady habitats
(JoNEs, 1948; BOWMAN AND LEwis, 1977,
1986). This critical period can vary
between six weeks and five months
(BOWMAN AND LEWIS, 1986). In northern
Portugal, juveniles are visible to the naked
eye only in late October (GUERRA AND
GAUDENCIO, 1986).

How can the SST in May affect
directly the breeding cycle of P. vulgata?
We envisage two hypotheses. The first is
related to the maintenance of the breed-
ing cycle, and the second to the settle-
ment of the juveniles.

In May, gonads are in full resting
condition. To the east of Ingrina — Rocha
(AVHRR pixels +188 - +196), nearshore
SST was higher than 17.5°C (Fig. 7). All
western sites, up to Bay of Biscay,
display lower SST values (Fig. 7). It is
conceivable that the beginning of the
resting period demands a threshold
limit of temperature, above which sub-
sequent development of sex cells in the
gonad will be inhibited.
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In May, spat resulting from last
phase of reproduction is at a critical
phase of sensitivity to high temperature
stress. To the east of Ingrina — Rocha
(AVHRR points +188 - +196), nearshore
SST increases pronouncedly with longi-
tude (Fig. 7). It is possible that these
higher temperatures eliminate the spat,
and therefore no new generation is able
to establish itself on the substrates. In
May, nearshore SST in Bay of Biscay is
only slightly lower than in Ingrina -
Rocha (Fig. 7). However, in this region,
reproduction is presumably earlier, and
therefore, spat is older, and more resis-
tant to temperature stresses.

A third cause may also be operating
and acting synergistically with the first
two, this is competition between P.
anleata,'| P, antermedia - and . P.
ulyssiponensis. These two latter species
occur in high densities at all sites
(except #35 - #37) where P. vulgata was
not observed. It is possible that a few
individuals of the spat survived, but did
not succeed in establishing themselves
on the substrate. This interpretation is
supported by results reported by
BOAVENTURA (2000) and BOAVENTURA,
FonsecA AND HAWKINS (2002b). In an
experimental study carried out in a
northern shore of the Portuguese coast
on the competition between P. intermedia
and P. vulgata, it was found that both
species, in increased densities, showed
higher mortality, and reduced size,
weight and gonad development. The
addition of P. intermedia to P. vulgata
populations and vice versa had results
similar to increasing the density of each
species. It was concluded that inter- and
intraspecific competition were occurring
amongst P. intermedia and P. vulgata.

In summer, on some occasions,
upwelled waters extend around Cape
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