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a b s t r a c t
A high-resolution sedimentary sequence sampled from the Portlligat Bay (NE Iberian Peninsula) has been
studied in order to assess its palaeoecological potential. This sedimentary sequence is considered a very
particular one, as it is a peat-like deposit derived from the accumulation of the belowground dead parts of
the marine phanerogam Posidonia oceanica through the last 1600 years. This study represents the ﬁrst
attempt to explore the palaeoecological potential of such deposits from a palynological point of view, and has
allowed the reconstruction of the vegetation dynamics and changes, human impact and the palaeoclimatic
characteristics, demonstrating the value of these sedimentary records in palaeopalynological studies.
© 2008 Elsevier B.V. All rights reserved.

1. Introduction
Pollen analyses on Holocene sedimentary records have been
carried out in very different contexts, but they share two main
characteristics: 1) the long-term accumulation of biogenic and/or
minerogenic material; and 2) the preservation of pollen, spores, and
other non-pollen microfossils. Peat-bogs and lakes provide the best
examples of terrestrial palaeoenvironmental reconstruction from
pollen analysis (Aaby and Berglund, 1986), although palaeosoils,
caves, rockshelters and archaeological sites are also investigated
(Carrión et al., 1999; Carrión, 2001; López-Sáez et al., 2003). In
contrast, most of the studies carried out in oceanic environments
come from the exploration of the sea bed (e.g. Tzedakis et al., 1997).
In marine environments, the in situ accumulation of organic
materials is fairly uncommon, but it has been described in swamps,
sapropels and marine phanerogam meadows (e.g. Mateo et al., 1997;
Rossignol-Strick, 1999; Rull, 2001). Palaeorecords of the only angiosperms that have invaded the submarine realm, seagrasses, are virtually
lacking because, apparently, the appropriate preservation conditions
have been very rarely met and because, with a few exceptions, seagrass
pollen lacks exine, the outermost coat of the pollen grain. The endemic
Mediterranean seagrass Posidonia oceanica is the most abundant
marine phanerogam in the Mediterranean Sea, spreading over ca.
25,000–50,000 km2 in waters of up to 45 m of depth (Bethoux and
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Copin-Montegut, 1986), and it shows the peculiarity of generating
great amounts of organic litter from its roots, rhizomes and foliar
sheaths, giving rise to a peat-bog-like biologic structure, known as
‘matte’ (Boudouresque et al., 1980; Mateo et al., 1997) (Fig. 1). The
accumulation rate of these deposits, derived from the balance between
the production, decomposition and erosion of the material, has been
estimated as 0.1.–0.4 cm year− 1, remaining as an organic sediment for
millenia (Romero et al., 1994; Mateo et al., 1997, 2002). Thus, since the
organic accumulation in the matte follows a coherent chronological
pattern, interesting possibilities arise in the ﬁeld of the ecology (Mateo
et al., 2002; López-Sáez et al., 2006); given the fact that these
sedimentary records are exclusive of Posidonia oceanica and that, up to
date, they have not been exploited from a palaeopalynological point of
view.
Previous studies using radiocarbon techniques have revealed that
these peats, which stratigraphy accurately reﬂect their formation
chronology, constitute unique organic records comprising thousands
of years (Boudouresque et al., 1980; Romero et al., 1994; Mateo et al.,
1997, 2002). Damblon and Vanden Berghen (1993) carried out pollen
analysis on a Posidonia oceanica supra-littoral deposit of only 15 cm
located in the Djerba Islands in the south of Tunisia, in which they
studied several speciﬁc samples dated ca. 4300–4200 BP, but not
obtained from a single drill core.
This study evaluates, for the ﬁrst time, the palaeoenvironmental
potential of a matte core of 482 cm underneath the meadow of Posidonia oceanica, in the NE Iberian Peninsula. A pollen analysis (pollen
grains, spores and non-pollen palynomorphs (NPPs)) of the uppermost
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2. Description of the studied area
The Portlligat Bay (42°17′32″N; 3°17′28″E) is a small inlet located
on the NE coast of the Iberian Peninsula, in the province of Girona,
oriented to the NE towards the Mediterranean Sea (Fig. 2); and has
average minimum and maximum water depths of 2.2 m and 7.1 m,
respectively. It is connected to the sea through a wide opening to the
NW of ca. 213 m. The maximum length and width of the bay are
1373 m and 252 m, respectively. About 68% of the bottom of the bay is
covered by living beds of Posidonia oceanica (ca. 9 ha) with shoot
densities ranging from 100 to 900 shoots m− 2.
Geologically, the Cape Creus and the Portlligat Bay are old
formations that originated ca. 400 million years ago along with the
Pyrenees. The substrate is of igneous and sedimentary origin, later
transformed through metamorphism and faulting, particularly during
the Hercynian period. The bay receives episodic freshwater inputs
from a typical Mediterranean temporary stream that ﬂows into the
bay from its NE shore. The annual precipitation ranges between 500
and 800 mm and mainly occurs from October through December
(average range for the period 2000–2006, as recorded by the
meteorological station of Roses, Servei Meteorològic de Catalunya).
Fig. 1. Top: A Posidonia oceanica matte as viewed in a reef barrier off the island of
Formentera (Balearic Archipelago, Spain). The matte wall in the image is 3 m high.
Bottom: Detail of the core sampled in Portlligat Bay. The image shows a partial length of
the uppermost 123 cm of the core, from which the pollen samples for this study were
isolated.

123 cm is presented here. The aim of this work is to evaluate the
palaeoecologic potential of these marine deposits due to the
unprecedented possibilities to perform detailed studies of vegetation
and palaeoenvironmental history that the Posidonia peats offer.

3. Materials and methods
3.1. Sediment retrieval and dating
The core (482 cm) was sampled in Portlligat Bay (Girona, NW
Mediterranean Sea; Fig. 1) from a light ﬂoating drilling rig using a rotary
drilling pneumatic hammer and a 150 cm long, 8.8 cm diameter (inner)
stainless steel corer. Sheath debris was dried at 70 °C to a constant
weight and milled to a ﬁne powder in a porcelain mortar prior to
accelerator mass spectrometry (AMS) 14C determination. Radiocarbon

Fig. 2. Situation map of Portlligat Bay in the NE Iberian Peninsula and location of the palynologic drill of the Posidonia oceanica beds.

J.A. López-Sáez et al. / Palaeogeography, Palaeoclimatology, Palaeoecology 271 (2009) 215–224

dating was performed at the National Ocean Sciences AMS Facility
(Woods Hole Oceanographic Institution, Woods Hole, MA). For each of
the 5 samples dated (Table 1), the carbon dioxide obtained from the
combustion of ca. 1 mg of powdered Posidonia oceanica sheath material
was reacted to graphite using a Fe/H2 catalytic-reduction. Graphite was
analyzed in the accelerator along with the NBS Oxalic Acid I (NIST-SRM4990) standard and an appropriate blank sample, namely a JohnsonMathey 99.9999% graphite powder. Age control of the Portlligat core is
based on ﬁve different AMS 14C dates obtained from plant sheath
detritus (Table 1). Ages were calculated using the internationally
accepted modern value of 1.176 ± 0.010 × 10− 12 (Karlen et al., 1968) and
a ﬁnal 13C-correction was made for the measured δ13CVPDB values of each
sample. Radiocarbon dates were calibrated using CALIB software v.4.4
(Stuiver et al., 1998), and all dates reported in this paper are expressed in
calendar years AD. A correction for the marine radiocarbon reservoir
effect was made taking into account the average local anomaly reported
for the Western Mediterranean Sea (average for Banyuls, ΔR = 116;
Stuiver and Braziunas, 1993). From the resulting chronological model, a
1.3 mm year− 1 accretion rate and a ca. 8 year cm− 1 of resolution could be
calculated (Fig. 3). Full details on core sampling, processing, age
determination and chronological model of the matte are reported in
Mateo et al. (1997, 2002).
3.2. Microfossil analyses
The palynorecord (plant sheath detritus) was constructed from
alternate slices of the uppermost 123 cm of the 482 cm matte core. The
pollen analysis (32 samples) was conducted using standard palynological methods (Faegri and Iversen, 1989). Pollen identiﬁcation was
facilitated by reference to Moore et al. (1991) and Reille (1992, 1995),
and by comparison with the reference collection of the Archaeobiology Laboratory (CCHS, CSIC, Madrid, Spain). NPPs were identiﬁed
according to van Geel (2001). The total pollen count ranged between
200 and 300 pollen grains per sample, excluding spores, non-pollen
microfossils and hydro-hygrophyte species, all expressed as percentages of the total pollen sum. The pollen diagrams (Fig. 4A–C) were
plotted using Tilia 2.0 and TGView softwares (Grimm, 1992). An
exaggeration of 5% was applied to the percentage curve of every taxon.
The zonation of the pollen diagrams was performed using an
agglomerative approach based on the Coniss routine within the Tilia
program (Grimm, 1987).
4. Results and interpretation
Both the pollen and non-pollen palynomorphs showed an
excellent degree of preservation, and great pollen diversity was
documented: 17 arboreal types, 15 shrub types, 32 herbaceous types,
8 hydro-hygrophyte plant types and 26 NPPs (Fig. 4A–C).
In the sedimentary record of Posidonia oceanica three main
biozones were distinguished (PL-1 to PL-3), that were in turn divided
into three subzones (a to c) (Fig. 4A–C).
4.1. Biozone PL-1 (120–77 cm): VIIIth to XIIth centuries AD
Between the VIIIth and XIIth centuries AD, the prevailing arboreal
vegetation consisted of trees of Quercus pyrenaica type and Quercus
Table 1
Radiocarbon dating for the sedimentary record of Portlligat
Depth
(cm)

Age
BP

Age
cal. AD (2 sigma)

34
51
63
90
119

710 ± 45
895 ± 45
975 ± 40
1430 ± 40
1600 ± 45

1517–1705
1402–1545
1333–1469
908–1105
724–954
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Fig. 3. Chronological model of the sedimentary record of Portlligat.

suber. Their combined percentage (ca. 20%) shows the existence of a
relatively open oakwood with cork oaks, in which several mesophile
elements, such as the birch (Betula) or the chestnut (Castanea), might
have been important, just the same as the alder tree (Alnus) among the
riparian trees of the region.
In the case of the chestnut, it is known that Castanea sativa was
cultivated in the region at least from 2700 BP, thus, in spite of showing
lower percentages than 1%, it is likely that its presence in the area is
due to regional cultivation during the VIIIth–XIth centuries AD
(Burjachs and Schulte, 2003; Conedera et al., 2004; Burjachs et al.,
2005).
The low percentage of Pinus halepensis/pinea type (N5%), even in
a coastal area, could be a sign of a short period of development of the
coastal thermomediterranean pine forests in the area. On the other hand,
the predominant arboreal type was the Pinus sylvestris type, with
percentage that progressively increases from 20% in the base, to more
than 30% just before 1430 ± 40 BP. These data point to a great
development of the pinewoods (P. sylvestris and P. uncinata) around the
central-oriental foothills of the Pyrenees (e.g. Sierra del Cadí and Sierra
del Catllar), due to the anemophilous character of this palynomorph.
The shrub vegetation shows a remarkable importance, with good
growth of heaths of Erica arborea type and Cistus ladanifer rockroses,
as well as a xerothermophilous macchia mainly composed of myrtles
(Myrtus), Phillyrea and wild olive trees (Olea europaea). Heathers and
rockroses could be the predominant bushes during the deterioration
stages of the local woodlands, the oak and wild olive forests, and this
could explain the previously described open-woodland condition, in
which a wide diversity of shrubs would grow in the clearings. The
anthropization of the area would have favoured the spread of this
shrubland to the detriment of the deciduous forest formations.
Furthermore, the xerothermophilous macchia would have been
occupying the most xeric and sunny sites, over lithosoils or areas
with a scarce edaphic development, where the arboreal elements
would hardly thrive. In fact, the coastal location of this record would
have allowed a greater preponderance of the thermophilous elements,
such as Myrtus or O. europaea, that usually distinguish the most
thermophilous stages of the wild olive woods. The low values of
Quercus ilex type could be explained by the fact that this kind of forest
is poorly represented in the studied area today and, in general, in the
northern area of Catalonia, where Quercus suber stands out among
other species throughout the landscape.
The xerophilous (Artemisia, Chenopodiaceae/Amaranthaceae) and
anthropic (Aster type, Cardueae, Centaurea nigra type, Cichorioideae,
Rumex acetosa type, etc.) elements predominate among the herbaceous
ﬂora, although it should be noted that some of them are related to
grazing activities (Plantago lanceolata type, Urtica dioica type, etc.)
(Behre, 1981; Galop, 1998). These anthropic palynomorphs are the best
indicators of the anthropization process of the forests and their
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Fig. 4. A. Palynological diagram (trees and shrubs) of Portlligat. B. Palynological diagram (herbs) of Portlligat. C. Palynological diagram (hydro-hygrophytes and NPPs) of Portlligat.
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Fig. 4 (continued).

degradation to open woodlands. Furthermore, the presence of Sordaria
(Type 55A) could conﬁrm the impact of grazing, since it is a fungal
ascospore of coprophilous species (López-Sáez et al., 2000; van Geel,
2001).
The percentage predominance of Foraminiferae (Type 700) among
the NPPs, along with the presence of Tardigrada (Type 902) and
Acritarche (Type 966), could indicate that in the chronological context
of the sedimentary record of Portlligat Bay, the prevailing conditions
could have been hyposaline (Van Waveren, 1989; Zamora et al., 2007).
In the same way, the presence of Micrhystridium (Type 115) points to
the marine nature of the record (Bakker and van Smeerdijk, 1982). On
the other hand, the documentation on Glomus cf. fasciculatum should
be correlated with erosive processes originated by the direct action of
the ocean swell on the littoral area (Anderson et al., 1984).
A severe deforestation of the high mountain pine woods (PL-1b)
occurred from the Xth and XIth centuries AD through to ca. 1150 AD
(82 cm), along with the disappearance of the chestnut and the spread
of heliophilous elements, such as the birch. This process seems to have
a negative inﬂuence on the oak woods, since the percentages of both
Quercus pyrenaica type and Quercus suber are slightly reduced. This
process induced the spread of heathers (Erica arborea type), junipers
(Juniperus type) and, to a certain extent, the pastures of anthropic
origin (Aster type, Cichorioideae, etc). Somehow, it seems that this
deforestation event was centralized in the pine woods of the Pyrenees,
with minor importance in the littoral and prelittoral areas, although
they also seem to be under its inﬂuence.
Interestingly, some herbaceous palynomorphs of anthropozoogenic origin, such as Chenopodiaceae/Amaranthaceae, Plantago
lanceolata type or Urtica dioica type, or even Sordaria (Type 55A)
among the NPPs, disappear during this PL-1b period, seemingly due to
a deceleration in the rate of the local and regional migration of cattle.
During this period, the percentages of Type 18, fungal ascospores (van
Geel, 1978), suffer a small initial increase, diminishing abruptly at the
end of PL-1b, revealing the advent of a less humid phase (see
Martínez-Cortizas et al., 2005).

From the second half of the XIIth century AD the pine woods and
the deciduous oaks recover their percentages, the chestnut is
cultivated again and, for the ﬁrst time, the beech (Fagus) appears in
the pollen diagram, all of it in the ﬁnal section of PL-1. Right at the end
of this biozone, the percentage of Foraminiferae undergoes a sharp
increase over 100%, that could mean a return to the previous
hyposaline conditions and environmental humidity present in most
of PL-1, except for the above mentioned period. The low percentage of
beech suggests a regional character derived from several populations
located in the eastern Pyrenees of the Iberian Peninsula.
4.2. Biozone PL-2 (77–45 cm): XIIIth to XVIth centuries AD
Between the XIIIth century AD and the ﬁrst half of the XVIth
century AD, the forests are of the same nature as during PL-1, that is,
deciduous oakwoods (cork oaks and oak trees), though it seems that
the oak tree is progressively losing its importance, while the cork tree
(Quercus suber) remains constant. The percentage sum of both pollen
types continues to be ca. 20%, again showing a relatively open
woodland, favourable to mesophilous elements, such as the hazel
(Corylus) or the birch (Betula), whereas the chestnut (Castanea sativa)
would continue to have been cultivated. The most important feature
within the herbaceous ﬂora is the progressive increase in the
percentage of the high mountain pine woods in the Pyrenees (Pinus
sylvestris type) through PL-2, reaching a very notable percentage ca.
1450–1530 AD (PL-2c) that could be suggesting the gradual reforestation of the Catalan Pyrenees between the XVth and XVIth centuries AD.
Heathers (Erica arborea type) and rockroses (Cistus ladanifer) still
predominate among the shrubby formations and their persistence
continued during the substitution stages of the oakwoods. The
xerothermophilous macchia is now reduced only to Phillyrea and
Pistacia lentiscus, even though Olea europaea is present, but it is
possible that this palynomorph is pointing both to the presence of
wild olive tree, as an element of the macchia, or to the local cultivation
of the olive tree.
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The herbaceous ﬂora is mainly dominated by elements of nitrophilous and anthropic nature (Aster type, Cardueae, Cichorioideae) or
anthropozoogenic nature (Chenopodiaceae/Amaranthaceae, Plantago
lanceolata type, Urtica dioica type) (Behre, 1981; Galop, 1998), with
higher percentages than those occurring during PL-1. This could mean
that the anthropization of these territories through the XIIIth to XVIth
centuries AD reached a greater magnitude than during the previous
centuries, including a notable cattle pressure, as indicated by the
importance of Sordaria (Type 55A) (López-Sáez et al., 2000; van Geel,
2001).
By this time, two different NPPs related to erosive processes,
Pseudoschizaea circula and Glomus cf. fasciculatum, acquire some
importance, probably in direct relation with the erosion induced by
the ocean swelling on the local coast environment (Anderson et al.,
1984) and with local erosive processes due to the anthropization of
the forest (López-Sáez et al., 2000). The persistence of microforaminiferae (Type 700), Tardigrada (Type 902) and Acritarche (Type 966),
with lower percentages, in general, than those occurring during PL-1
would suggest the continuity of the hyposaline conditions in Portlligat
through the XIIIth to XVIth centuries AD, while Micrhystridium's new
appearance during PL-2b supports the evidence for the marine nature
of the deposit.
The general dynamics proposed for PL-2 seem to be interrupted
during PL-2b (ca. 1380–1450 AD), since there is a reduction in the
main arboreal elements, such as Pinus sylvestris type, Betula and
Quercus pyrenaica type, or even a temporary disappearance of others,
such as the alder and the chestnut. This decrease also affects the
shrubby cover, since Cistus ladanifer, Juniperus type and Erica arborea
type all reduce their percentage values, especially the latter. Moreover,
Type 18 also reduces its percentage, suggesting drier conditions
(Martínez-Cortizas et al., 2005). Coinciding with this change in the
climate, these centuries also seem to be anthropized, since the
percentages of several nitrophilous and anthropic elements, such as
Cichorioideae, experience a spectacular rise. The economic models
seem to correspond to a more intense cattle exploitation, since there is
an increase in evidence for a greater grazing pressure, with maximum
levels of the anthropozoogenic palynomorphs, such as Plantago
lanceolata type and Urtica dioica type (Galop, 1998), and NPPs, such
as Sordaria (Type 55A) and Riccia cf. sorocarpa (López-Sáez et al.,
2000; Carrión and Navarro, 2002). The documentation of Chaetomium
(Type 7A), fungal ascospores of carbonicolous species (van Geel, 1978;
López-Sáez et al., 1998), during this period can be related to the
development of ﬁre, possibly induced to maintain the cattle pastures.
In fact, it is probable that these ﬁres and the human impact were the
cause of a major level of nutrients in the sediments, indicating a
change to mesotrophic conditions, like to indicate some NPPs such as
Zygnema type, Spirogyra and Zopﬁa (Bakker and van Smeerdijk, 1982;
López-Sáez et al., 1998), or the percentage reduction of Foraminiferae,
Tardigrada and Acritarche.
4.3. Biozone PL-3 (45–0 cm): XVIth to XXth centuries AD
From the second half of the XVIth century AD up to the present, the
structure of the forest undergoes very important changes, not only in
the environment immediately next to Portlligat, but also in the whole
area of the eastern Pyrenees.
In the middle of the XVIth century AD a whole series of signs
indicating the development of arboricultural and agricultural activities start to appear, in particular, the chestnut (Castanea) seems to be
cultivated more extensively than before and, at the same time, the
culture of the walnut (Juglans), the grapevine (Vitis), the hemp
(Cannabis/Humulus) and the cereals (Cerealia) begins; in addition, the
percentages of Olea europaea are increased during PL-3b and PL-3c,
suggesting a greater intensity of its cultivation.
During the interval from ca. 1530 to 1700 AD (PL-3a), the above
mentioned agricultural activities caused serious damage to the local

cork oak and oak forests, to such an extent that Quercus suber
completely disappears from the record and Quercus pyrenaica type
reduces its percentages abruptly. At the same time, Quercus ilex type
gains importance, but this fact must not be interpreted as a result of
the development of its forests, but of a greater percentage representation due to the disappearance of the other deciduous oaks (Riera-Mora
and Esteban-Amat, 1994). Such an anthropic process would have lead
to a greater development of the shrubby formations, specially those
composed of thermophilous elements such as Olea, Phillyrea and
lentisc (Pistacia lentiscus), heathers and rockroses. The date of 710 ±
45 BP (1517–1705 AD) would place this period between the middle
XVIth and the early XVIIIth centuries AD. It is characterised by a
relatively high anthropic impact on the landscape, as the prevalence of
nitrophilous elements and weeds, such as Aster type, Brassicaceae,
Campanula type, Cardueae, Centaurea nigra type, Cichorioideae, Convolvulus arvensis type, Corrigiola, Rumex acetosa type and Spergula
arvensis, demonstrates (Behre, 1981). Some grazing pressure is still
evident since anthropozoogenic elements, such as Chenopodiaceae/
Amaranthaceae, Plantago lanceolata type and Urtica dioica type
(Galop, 1998), and coprophilous NPPs, such as Sordaria (Type 55A)
(López-Sáez et al., 1998), continue appearing in the record.
In the eastern Pyrenees a different situation is found, since most of
the species, such as the ﬁr (Abies) or the beech (Fagus), or even some
mesophilous elements, like the birch (Betula), the hazel (Corylus) or
the lime tree (Tilia), experience a great increase. Undoubtedly, these
data suggest little anthropic inﬂuence on the Pyrenees forests.
Furthermore, the major element, Pinus sylvestris type, maintains
relatively high percentages over 30%, except for two speciﬁc minima
during PL-3b.
During PL-3b (1700–1840 AD) the forests at the Pyrenees were
disturbed, since ﬁr disappears, beech is reduced, and high mountain
pine woods underwent substantial degradation. In parallel, and for the
ﬁrst time, the box (Buxus), a submediterranean element, and Ligistrum
appear, as components of the degraded shrubby formations. The
chestnut and the walnut, the grapevine and the hemp, the cereals and
the olive tree, were all being cultivated. Percentages of the latter two
are sufﬁciently high to demonstrate the local existence of crops
(López-Sáez et al., 2003). Even the forests of Quercus ilex type are
affected by this higher incidence of agriculture, disappearing from the
pollen record, whereas the nitrophilous anthropic and the anthropozoogenic elements continue to be very abundant, in particular
Cichorioideae, Plantago lanceolata type and Sordaria (Type 55A).
The prevalence of agriculture during PL-3a and PL-3b has resulted
in erosion of the uppermost level of the soil, distinguished by the
presence of Pseudoschizaea circula and Glomus cf. fasciculatum (LópezSáez et al., 2000; Burjachs and Schulte, 2003). This erosion can also be
related to more arid conditions, as indicated by the importance
acquired by xerophilous elements, such as Artemisia, Ephedra
distachya type, Helianthemum type, Phillyrea or Pistacia lentiscus in
these two subzones. The decline of Type 18 in relation to its levels
during PL-2 would be indicative of the same process (MartínezCortizas et al., 2005).
The last section of the pollen diagram (PL-3c), corresponding to the
chronological interval between 1840 AD and the present, shows a
gradual recovery of the oak and cork oak woods, as well as the holm
tree woods, due to the complete stoppage of the cultivation of
grapevine, cereals, hemp and walnut, and to a reduction of the
chestnut oak culture and, to a less extent, of the olive tree. This
recovery also involves the riparian forest, increasing the local
importance of the alder tree (Alnus) and heliophilous elements, such
as the birch. The anthropization pollen indicators are now less evident,
moreover, most of them disappearing or having percentages notably
reduced. Nevertheless, the grazing pressure is still strong, with a
higher intensity than during PL-3b, since certain anthropozoogenic
elements, such as Plantago lanceolata type, Urtica dioica type and
Riccia cf. sorocarpa, can be identiﬁed (Carrión and Navarro, 2002).

J.A. López-Sáez et al. / Palaeogeography, Palaeoclimatology, Palaeoecology 271 (2009) 215–224

From the point of view of the trophy of the sedimentation medium,
the prevalence of Foraminiferae during PL-3 would continue indicating the presence of hyposaline conditions, mainly mesotrophic during
PL-3a and PL-3c, as a consequence of the contribution of a nutrient
budget to the waters, coming from agricultural activities and the
associated erosive processes. The identiﬁcation of numerous NPPs
(Type 128, Type 181, Mougeotia, Spirogyra, etc.) in both subzones
would be the most evident sign of the mesotrophic conditions (LópezSáez et al., 2000; Carrión and Navarro, 2002). During PL-3b, when
cereals and hemp cultures are at their peaks, the contribution of
nutrients is higher and therefore the conditions have tended towards
eutrophy, allowing the documentation of a whole series of NPPs, such
as Types 174 and 425, related to these conditions as well as to a high
degree of landscape anthropization (van Geel et al., 1983).
5. Palaeoenvironmental and palaeoeconomical implications
The palaeopalynological study of the Posidonia oceanica beds at
Portlligat shows a high level of diversity, both in pollen and NPPs,
which demonstrated the great palaeoecological potential of this kind
of submarine deposit. Its relative abundance in the Mediterranean Sea
offers the unique possibility, unknown and unpublished until this
study, of tackling similar investigations that could allow a comprehensive and precise comparison among different coastal environments and their surrounding palaeovegetation. This potential
becomes of special relevance in those areas of the Mediterranean
shoreline where there is scarce or no previous documentation at all of
the Holocene environmental evolution, e.g. the province of Girona.
The NE of the Iberian Peninsula is a relatively well-known territory,
in relation to the history of its vegetation during the Holocene. Most of
the available palaeopalynological sequences come from lacustrine
records or archaeological sites (Burjachs et al., 1990; Riera-Mora and
Esteban-Amat, 1994). However, our study is the ﬁrst one undertaken
from a marine organic deposit of Posidonia oceanica. It is completely
comparable to other regional terrestrial pollen records (Mallarach
et al., 1985; Pérez-Obiol et al., 1991; Riera-Mora and Esteban-Amat,
1994; Burjachs et al., 2005), and even to most of the existing records
on the western Mediterranean area (de Beaulieu et al., 2005),
demonstrating the great palaeoecological potential of such sediments,
in spite of its apparently complex taphonomy (Mateo et al., 1997).
The pollen sequence at Portlligat, an area affected by the
Mediterranean climate, suggests the presence of a relatively forested
landscape through the last 1600 years, characterized by oak formations (oaks, cork oaks and holm oaks) in the valleys and the areas next
to the coast, and pine woods, ﬁr woods and beech woods at the
Pyrenees foothills. The importance of the shrubby formations of
heathers and rockroses in the whole sequence proves the anthropization of these territories in the above mentioned chronological
frame, and this is conﬁrmed by the abundance of nitrophilous and
anthropozoogenic herbaceous elements. The equal amount of xerothermophilous macchia typical bushes (Myrtus, Pistacia lentiscus,
Phillyrea, Olea europaea) demonstrates the relationship between the
forests of the area with the most thermophilous stage of the cork oak
woodland (Rivas-Martínez, 1987).
The abundance of some NPPs, such as microforaminiferae (Type
700), Tardigrada (Type 902) and Acritarche (Type 966), from the base
of the deposit to approximately 45 cm depth (biozones PL-1 and PL-2)
indicates the marine bay nature of the sedimentation environment,
where hyposaline conditions predominate between the VIIIth century
AD and the ﬁrst half of the XVIth century AD. During PL-3, the
progressive reduction and even disappearance of the NPPs, except in
the last 15 cm of the deposit, can be related to a gradual and increasing
contribution of organic and/or inorganic compounds to the littoral
areas during the periods of greater human impact.
In general, through the last 1600 years BP, the immediate
surroundings of Portlligat Bay underwent a relatively important
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anthropization process, with a particular emphasis on cattle raising.
The cultivation of chestnut and possibly olive tree is revealed from the
VIIIth century AD on, almost without any interruption. However, the
cultivation of walnut, grapevine, hemp and cereals only started from
about 1530 AD. In contrast with our ﬁndings, the cultivation of hemp
started around 600–650 AD in other areas of Catalonia, although it
was not until ca. 1580 AD when it reached its highest diffusion (Riera
et al., 2004, 2006), in accordance with the information obtained from
the Portlligat record.
The information collected from this study agrees with other
regional pollen records that also demonstrate how during the XVIth
and XVIth centuries AD the coastal and Pyrenees areas experienced
maximum forest exploitation, with high grazing pressure and a peak
in agricultural expansion (Riera-Mora and Esteban-Amat, 1994;
Pèlachs, 2004; Riera et al., 2004; Burjachs et al., 2005; Riera et al.,
2006; Miras et al., 2007). Nevertheless, it is surprising that between
1530 AD and 1840 AD the ﬁr, beech and pine woods underwent some
expansion, even when these territories were suffering intensive
grazing activity. It is possible that the establishment of shelter areas
for some of these species, specially the pine and the ﬁr, related to the
development of coalmines, which appeared in the eastern Pyrenees
around these dates (Pèlachs, 2004; Miras et al., 2007), would have
favoured their survival and sustainable development. In the case of
the beech, the increased anthropization of the Pyrenees could have
promoted its proliferation (Galop, 1998).
From 1850 AD, when the industrial period started, to the present,
the anthropic pressure on the coastal environments has decreased,
since hemp and cereals are not cultivated any more, allowing the
recovery of the oak, cork oak and holm oak woods. Likewise, in the
Pyrenees the pine wood is recovering but the beechwood only
maintains its condition, while the ﬁr is greatly reduced.
Four different events are documented in the record of Portlligat
due to the great anthropic impact on the landscape and/or
palaeoenvironmental change.
The ﬁrst one (82–90 cm), occurring ca. 1000–1100 AD (XIth–XIIth
centuries AD), is characterized by a great deforestation of the high
mountain pine wood, the disappearance of the chestnut and a certain
reduction of the oak and cork oak woods, while the shrubby
formations (heathers) and some heliophilous arboreal elements
(birch) spread; all of which occurred during a decreasing period of
the grazing pressure. These facts seem to be mediated by an intense
deforestation due to the anthropic impact in the pine woods of the
Pyrenees, in the NE Iberian Peninsula, since the medieval population
was notably increased during this period (Bonnassie, 1988, 1990), and
important social changes took place in the Catalan Pyrenees (Riu,
2003). In the same period, there was a climate change towards more
arid conditions and an increase in water salinity, since a decline or
disappearance of the NPPs, usually indicatives of hyposaline conditions, is observed. This was accompanied by a reduction of grazing
pressure in the surrounding areas of Portlligat Bay. Possibly, all these
facts were related with the beginning of the MWP (Fig. 5) that lasted
from ca. 900 AD to 1400 AD (Riera et al., 2004; de Beaulieu et al.,
2005). A similar event has been documented in the palaeoenvironmental record of the Estanya Lake (Riera et al., 2004, 2006) between
820 and 1075 AD, where the continuous recurrence of anthropic ﬁres
would have induced a great deforestation similar to the one recorded
at Portlligat, mostly mediated by a higher impact of cattle grazing and
by a decrease in lake level due to the drier weather conditions. This
event documented in Portlligat has been illustrated in other pollen
records in the province of Girona, demonstrating its correlation with
the deforestation of the Pyrenees woods in the NE of the Iberian
Peninsula from the XIth century AD (Mallarach et al., 1985; Pèlachs,
2004).
At 70 cm depth (ca. 1300 AD) of the record something similar
occurs, though much less manifest than the previous one: there is a
percentage reduction or even disappearance of most arboreal (alder

Fig. 5. Summary pollen diagram of Portlligat. Grey bands indicate four events discussed in the text.
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tree, birch, chestnut, Pinus pinaster, Pinus sylvestris type) and shrubby
(Cistus ladanifer, Erica arborea type) palynomorphs; there is also a
slight increase in the anthropic herbs (Aster type, Cichorioideae);
and a percentage decline in certain NPPs related to humid (Filicales
monolete, Acari-Oribatei, Type 181, Type 182) or hyposaline (Type
700) conditions. This short interval shows the end of local grazing
activity, since the indicative palynomorphs, such as Plantago lanceolata type, Urtica dioica type and Sordaria (Type 55A), disappear from
the record. As a whole, these data suggest an important slowing down
of the anthropic pressure on the landscape, particularly of grazing,
probably due to a short episode of drier and colder conditions during
the MWP.
The third notable event takes place ca. 1400 AD (XVth century AD,
57–65 cm), when the forest cover (trees and shrubs) undergoes a decline
that seems to be mediated by the higher incidence of ﬁre processes of
anthropic origin, due to an increase of cattle raising and, in general, to a
greater anthropization of the landscape in the studied area. These events
induced the change in the nutrient budget in the sediments, resulting in
mesotrophic conditions during this period. Other pollen records in the
NE Iberian Peninsula (Riera et al., 2004, 2006) suggest an increase of
lacustrine levels between 1360 and 1580 AD, coincidental with the ﬁrst
cold episode, with low solar activity, of the Little Ice Age (1400–
1850 AD), the so called Spörer Minimum (1400–1530 AD, Fig. 5) (Desprat
et al., 2003; de Beaulieu et al., 2005).
In general, from a social point of view, the XIVth to XVIth centuries
AD entail a demographic and economic upheaval period in most of
Europe, due to the high incidence of diseases and epidemics, which
led to a lower human impact on the forests (Desprat et al., 2003). In
Catalonia, the crisis that took place during the Late Middle Ages begins
to be discerned from 1333 AD – the ﬁrst ‘great year of famine’–,
extending to 1347–1351 AD, along with the ﬁrst surges of the Black
Death, that lasted until the late XVth century AD, with deep economic
and social crisis (Rodríguez-Puertolas, 1982; Riu, 2003; Feliú, 2004). In
the pollen record of Portlligat these events are clearly noticeable. In
that, except for the effects of the Spörer Minimum, the forests are
maintained through the XIIIth to XVIth centuries AD, specially in the
Pyrenees where the pine woods experienced an important expansion
between the XVth and the XVIth centuries AD, facilitated by the
depopulation of the Catalan Pyrenees (Pèlachs, 2004). Such a critical
period triggered a depletion of the agricultural areas and a great
emigration process (Feliú, 2004), which, from a palaeoenvironmental
point of view, is demonstrated by a decreased anthropization of the
landscape.
A fourth outstanding event is documented between the 30 and
23 cm depth of in record (ca. 1650–1750 AD), at the transition between
the PL-3a and PL-3b biozones. In this interval, the chestnut culture is
abruptly decreased and grapevines are also affected, while cereal
cultivation is completely stopped; the percentages of several arboreal
elements (alder tree, birch, hazel, beech, pine, oak) are reduced or
even disappear, in contrast with the percentages of the indicators of
colder and more arid conditions (ﬁr, holm oak), including some shrubs
(Phillyrea). Among the herbaceous ﬂora, the anthropization signs are
scarcely evident, and only a minimum percentage of Foraminiferae,
showing high saline conditions, could be detected. In summary, this
data would point out towards a relatively short period with cold and
arid conditions, during the Little Ice Age, in which the landscape
anthropization is suddenly diminished, thus involving the slowing
down of agricultural expansion, or even the abandonment of some
crops.
6. Conclusions
The highly organic marine litter generated by Posidonia oceanica
gives rise to new research perspectives on palaeoenvironmental
studies, especially on those of a palaeopalynological nature. The
assessment carried out in Portlligat Bay demonstrates the enormous
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value of these formations, similar to the terrestrial peat-bogs, allowing
the reconstruction of palaeovegetation throughout the last 1600 years.
This interest is increased due to the sensitivity of these deposits to
record several phases of human impact and palaeoenvironmental
changes that are related to social crisis and different palaeoeconomic
strategies.
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