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Modern pollen deposition in the Rhone delta area
(lagoonal and marine sediments), France
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Modern pollen deposition in the Rhone delta area (lagoonal and marine sediments), France. — Grana
36: 105-113. ISSN 0017-3134

The investigation identifies the two main types of pollen sedimentation in the Rhone delta, and presents
synthetic pollen spectra in terms of ecological groups in order to predict the pollen source areas. Two
different domains are studied: the lagoonal zone occupied by the Vaccarés where atmospheric pollen
imput predominates and the Rhone mouth area (river delta and prodelta) where fluvial pollen influx
prevails. The reflection of local and regional vegetation in the surface sediment pollen spectra is
carefully discussed with reference to atmospheric pollen records and to water sample analyses. This
work is designed to help the interpretation of past pollen spectra and paleovegetation and through
them also paleoclimate reconstructions.
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:—The importance of understanding the processes of pollen
%}ransport, from production site to sedimentary deposit, has
een recognized for several decades (Cross ef al. 1966, Groot
g& Groot 1966, Solomon & Harrington 1979). Accurate
odeconstructions of past vegetation based on pollen spectra
g‘,‘;from deltaic sediments require reliable data on the respective
g,bontributions of fluvial and atmospheric components, as
—shown recently by Bernard & Pons 1985, Chmura 1990,
@rush & Brush 1994, Chmura & Eisma 1995. The important
Tole of fluvial transport in marine coastal environments
djacent to the river mouth has been demonstrated for both
Trecent (Muller 1959, Heusser & Balsam 1977, Heusser 1988,
?Streel & Richelot 1994, Traverse 1994) and ancient (Suc &
ODrivaliari 1991) sediments. On the other hand, some marine
areas, such as the Baltic sea, near the Swedish coast
(Praglowski 1977) or the Atlantic Ocean adjacent to the
coast of West Africa, (Hooghiemstra 1988, Calleja et al.
1993) show the primary importance of airborne pollen. Here
we present the results of an investigation of pollen deposition
in the Rhoéne delta system (Fig. 1), a remarkable modern
experimental domain.

The two primary objectives are: (1) to identify the respect-
ive significance of lagoonal (Vaccares) and fluvial (Rhone
delta and prodelta) pollen floras in terms of local, regional
and distant vegetation sources; and (2) to discriminate
qualitatively and quantitatively the relative influence of aerial
and fluvial modes of pollen transport.

METHODS
Four kinds of samples are considered. 1)Atmospheric samples

collected with horizontal pollen traps (Cour 1974). Two stations
were set up, one near the Vaccarés lagoon, at La Tour du Valat
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Fig. 1. The Rhéne delta: sampling stations. Rose compass from
Istres indicating the main wind direction. 1. La Tour du Valat, 2.
La Palissade, 3. La Palissade sediment, 4. Port Saint-Louis du
Rhone, 5. KTRO5 core, 6. Grand Rhone plume area. Samples from
the Vaccarés lagoon are located on Fig. 2.

(43°30°00” N, 4°39'34" E), the second near the Rhone mouth at La
Palissade (43°21'00" N, 4°51'17” E) (Fig. 1). At both of these,
horizontal filters were removed every fortnight for one year (from
the first week of May 1992 to the first week of May 1993) thus
providing 26 pollen records. 2) Lagoonal surface sediments collected
from 13 localities: 12 scattered throughout the Vaccarés (Fig. 2 and
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Fig. 2. Sample situation and granulometry distribution in Vaccarés
lagoon. (isogrades lines for percentages of pelite amount).

Table 1), and one in a salt marsh near La Palissade (43°24'31” N,
4°4925 E) (Fig. 1). 3) Surface sediment collected from the Rhone
river itself near Port Saint-Louis du Rhoéne (43°22'57" N, 4°4830”
E) (Fig. 1). Additional sediment was collected from the top (upper-
most 8cm) of an off-shore core, KTRO05, belonging to the Rhone
prodelta (43°18'28” N, 4°51'01” E) (Fig. 1). 4)Two marine water
samples taken from the Grand Rhone plume area (near the surface
and near the bottom =29 m deep) (43°18'37” N, 4°50'34” E) (Fig. 1).

Surface sediments provide almost modern pollen records in two
different sedimentary environments, lagoonal and deltaic which can
be estimated by comparison with present day water and atmospheric
pollen data.

Pollen was extracted from the surface sediments by standard
sediment chemical processing (Planchais & Guillet 1969)

Atmopheric pollen samples were collected every fortnight, pro-
cessed and analysed according to Cour’s method (Cour 1974,
Cambon 1981).The total of the 26 fortnightly data gives the annual
atmospheric pollen record.

50 liter water samples were first filtered on nitrate cellulose filters
(5 um pore) and the residue was then processed in the standard way
used for the sediments.

VEGETATION

Molinier & Tallon (1970) provide a general map of the vegetation
of the Camargue (Fig. 3). The southern part of the delta is occupied

Table 1. Geographical setting of the Vaccarés samples.

Core name N. Latitude E. Longitude
Vaccarés 1 43°32'40" 4°32'55"
Vaccarés 6 43°32'41” 4°29'47"
Vaccarés 9 43°32°08" 4°31"13”
Vaccarés 13 43°33'04” 4°31'33"
Vaccarés 23 bis 43°3234" 4°36°08"
Vaccares 29 43°3130” 4°32'48”
Vaccarés 34 43°30'42" 4°35'32"
Vaccares 39 43°30'41” 4°35'31”
Vaccarés 108 43°33'00" 4°36'16"
Vaccarés 109 43°33'00” 4°3720"
Vaccarés 206 43°33729” 4°35'57”
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by equal areas of freshwater and halophytic associations. Halophytic
elements are important in a large area around the Vaccarés lagoon.
Rice fields exist on both sides of the delta. Within the delta,
halophytic associations decrease northward being replaced by fresh-
water associations and areas of cultivation (rice, corn, vineyard). In
addition, the delta includes some woodlands with Pinus pinea,
Juniperus phoenicea on dunes and some open vegetation with
Asphodelus lawns. The two arms of Rhdne are discontinuously
bordered by riparian woodland (4lnus glutinosa, Fraxinus excelsior,
Populus alba, Salix alba, Ulmus campestris). Agriculture (vineyard,
cereals, fodder, fruit trees) is important out of the delta area and,
to the east, competes with steppe associations on the Crau gravels
which are mainly devoted to pasture.

At the regional scale, high mountains (Alps and Central Massif )
constitute the eastern and western borders of the Rhone valley
(Fig. 4), each with a regular altitudinal zonation of vegetation . The
altitudinal limits vary according to latitude. The ranges indicated
concern the area considered here. (Fig. 4 and Braun-Blanquet 1923,
Ozenda 1966, 1975; Ozenda & Wagner 1975, Quézel 1979). The
montane or beech zone (Ozenda 1975), from 600-900 m to 1 400-1
700 m, includes, in addition to Fagus silvatica, Abies alba, Pinus
silvestris, Populus tremula, Betula alba, and, according to location,
altitude, exposure and occasionally degradation, Buxus sempervirens,
Taxus baccata, Genista cinerea, Juniperus sabina, Lavandula vera.

Above this are subalpine and alpine belts, which go up
2,100-2,400 m and 2,800-3,100 m respectively. They consist firstly
in Picea excelsa, Larix decidua, Pinus uncinata, Pinus cembra and
higher of herbaceous alpine associations (Rosaceae, Ericaceae,
Asteraceae, etc.). In southeastern France (Fig. 4), the herbaceous
alpine associations are only represented on the Alps. The subalpine
belt is often degenerated, consisting of heaths with Rhododendron
Serrugineum, Vaccinium uliginosum, Juniperus nana and Alnus viridis.
Adjacent to the alluvial plain, at low and mid altitudes the Rhdne
valley and its tributaries are occupied by two successive vegetational
latitudinal zones (Fig. 4 and Bagnouls & Gaussen 1968), the meso-
mediterranean belt and the supramediterranean belt (corresponding
to hill vegetation out of the Mediterranean climatic domain). The
mesomediterranean evergreen vegetation is characterized by a
Quercus ilex woodland (with Pinus halepensis) and its deteriorated
form, the garrigue, with Quercus coccifera. This zone, which corre-
sponds to the cultivation area of Olea europea, is a zone of intensive
agriculture (olives, vineyard, cereals, fruit trees, etc.). The supramedi-
terranean belt (hill belt) is occupied by deciduous trees (mainly
Quercus pubescens, Tilia, Carpinus betulus, Corylus avellana, etc...);
Buxus sempervirens is also present in this belt. This is also an
important agricultrural zone (vineyards, cereals, Juglans regia,
Castanea sativa, etc...).

POLLEN DATA IN THE CONTEXT OF VEGETATION
AND SEDIMENTOLOGY

The results are presented in a synthetic pollen diagram
(Fig. 5) from which Pinus has been excluded because it is a
greatly over-represented taxon, as it can be observed from
Fig. 6. The grouping of pollen taxa into ecological categories
has been made to provide a reasonable assessment of the
respective vegetation sources, as follows:

(1) Alnus, Fraxinus, Populus, Salix will be considered as
indicators of the riparian woodland which is especially well
developed along the lowland Rhéne margins. Ulmus cam-
pestris, another element of the delta riparian woodland, is
not so significant in this pollen group because of its scarcity
in the pollen records. The cause is probably the elm desease
(Férault 1983), the effect of which has been obvious in the
atmospheric pollen records of Montpellier since 1988
(Cambon 1992), although the incidence of the desease began
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Zmuch earlier (1970) in the Northern part of France
(Férault 1983).

Q(2) Water plants (Potamogeton, Ruppia, Typha, Sparganium,

gM yriophyllum, Cyperaceae) reflect the freshwater associations

gwhich are greatly expanded in Camargue.

Q(3) Mesophilpous elements (deciduous Quercus, Carpinus,
Corylus, Tilia, Ulmus, Hedera, Buxus sempervirens, Ericaceae,
Acer, Sambucus, Viburnum, Castanea, ...) are considered as
mostly characteristic of the supramediterranean (i.e. hill
vegetation to the north) belt.

(4) Altitudinal trees (Betula, Fagus, Abies and Picea) will
represent the mountainous and subalpine combined belts.
(5) Most of the so called ‘other elements’ group, are consid-
ered in this work as not significant, since it includes taxa
which either have an anthropogenic origin (Platanus, Juglans,
Vitis, Cedrus, Aesculus, Liquidambar, Cerealia, Rosaceae) or
may grow in a variety of environments (Ranunculaceae),
plus taxa with non-identified and poorly preserved pollen
grains.

(6) Cupressaceae pollen grains may originate from the
Camargue (Juniperus phoenicea), from the mesomediter-
ranean associations s.l. (Cupressus sempervirens, J. oxycedrus)
from the successive altitudinal belts (J. communis, J. thurifera,
J. nana and J. sabina), or even from gardens.

(7) Mediterranean xerophytes (Olea, Pistacia, Quercus ilex,

an evergreen species, Cistus, Rhamnus, ..) represent the
mesomediterranean belt.
(8) Herbs and shrubs (Asteraceae, Poaceae, Brassicaceae,
Papaveraceae, Urticaceae, Helianthemum, Hippophae rham-
noides, Plantago, Rumex, Polygonum, Sanguisorba,
Filipendula, Galium, Mercurialis, ... For most of these, identi-
fication at the specific level is questionable and the irgeo-
graphical distribution area may consequently be very large.
This means that many of the corresponding plants may live
from the Mediterranean shoreline up to the alpine belt.
(9) Halophytic plants (Amaranthaceae/Chenopodiaceae,
Caryophyllaceae, Plumbaginaceae, Ephedra, Tamarix). The
pollen grains of these families are mostly indicative of the
Camargue halophytic vegetation (brackish and salted
lagoons, coastline).

1t is difficult to characterize the relationship between pollen
assemblages from modern deltaic sediments and vegetation
(Clark & Patterson 1985, Campbell & Chmura 1994). This
problem is particularly acute in the Rhone delta because of
the difficulty of identifying the source area of the pollen of
some ecologically important taxa: (1) Pinus, Tilia,
Cupressaceae and many herbs (Fig. 4) due to the inadequate
level of their identification; and (2) Buxus sempervirens and
Carpinus betulus which, among others, have a widespread
distribution outside the area (Fig. 4).

Grana 36 (1997)
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Fig. 4. Simplified vegetation map of the Rhone basin (after Bagnouls
& Gaussen 1968) including Littoral vegetation, Mesomediterranean
belt, Supramediterranean (i.e. Northward hill) belt, Mountainous
belt, & Subalpine, alpine and continuously snow-covered belts. The
box marked in the littoral vegetation corresponds to Fig. 3.
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It is known that Pinus pollen is subject to extreme long-
distance transport. Furthermore the different pine species,
often from significantly different vegetation types, cannot be
identified palynologically.

Modern pollen rain

La Tour du Valat and La Palissade atmospheric stations
were working simultaneously and their annual spectra are
presented with same legend as for the sediment and water
diagrams (Fig. 5).

For quantitative point of view a mean annual number of
pollen grains, (pg)/m?/day, has been calculated: this was
303,648 pg/m?/day at La Tour du Valat and
12,665 pg/m?/day at La Palissade. The large difference in
pollen influx between the two sites can easily be explained
by the location of the La Palissade trap, in close proximity
to the sea, where the terrestrial, vegetated surface source is
of minor importance (Fig. 1). The situation is similar for
other airborne particles. Thus, Guieu ez al. (1991a, 1993)
have noted large quantity of metal elements at the La Tour
du Valat site, with values of at least 15,107 g/km?/year i.e.,
4.13-107° g/m?/day.

Qualitatively the two atmospheric spectra indicate a very
similar source landscape in their general features
Nevertheless the La Tour du Valat spectrum shows more
swamp plant pollen grains and a stronger manifestation of
mediterranean xerophytic elements and relatively less herb-
aceous and halophytic vegetation. In accordance with the
local environment (near the mouth of the Grand Rhéne
arm), riparian and mesophilous communities seem to play a
more important part at La Palissade. At this station, altitudi-
nal tree pollen percentage reaches 2% (mainly Fagus), whereas
at La Tour du Valat this frequency is much lower (0.40%).
High percentages of Cupressaceae are common in
Mediterranean atmospheric pollen spectra (Cambon 1982);
this is also observed at our two stations: 35.84% at La Tour
du Valat and around 20% at La Palissade: such high values
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v ——— N
W i — Wi
7Zi=—— IR s

0 20 40 60 80

Port St Louis

G.Rhéne bott,

G.Rhone surt.

Riparian t.
water plants
mesophilous e.
altitudinal t.
other e.
Cupressaceae.
mediter. xero.
herbs & shrubs
halophytic e.

O0DBO0D0ORDOR

100 %

Fig. 5. Pollen diagram. Percentages are calculated on the total pollen sum, excluding Pinus.
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are never recorded in sediment pollen spectra from the same

climatic area because pollen grains of this family are badly
preserved (Cambon 1981, 1982). At La Tour du Valat, the
Shigh frequency of Cupressaceae fits well with the importance
Nof the mediterranean xerophytic group and thus gives a
ostronger representation of the mediterranean associations.

gLagoonal records

NThe Vaccarés surface samples (the uppermost 5cm) were
q—collected in 1993 and 1994. The pollen concentrations of the
Smdmdual samples differ as can be seen from Table II. These
‘®variations seem to be well correlated with granulometry
@mrlbutlon In Table II., bold characters are used to show
Nsamples with high pol]en concentrations located in areas
Cwhere the amount of pelite (pelite: <40 pm fraction) is
®important. These areas are located in the northern part of
Oxthe Vaccares (Fig. 2). As commonly observed at other sites,
Rthese sediments with fine particles have provide high pollen
-8concentrat10ns
R The modern sedimentatiion in the Vaccarés lagoon is
Emostly controlled by winds (NW wind frequency=354-57%
;accordmg to Pauc 1970), but can be sporadically influenced
Sby minor fluvial imputs. In addition, winds cause strong
deflation over the southern part of the lagoon where sands
of the old deltas are exposed. So, samples Vaccarés 6, 9,
23bis, 108 109 and 206 can be considered as representative

Table I1. Pollen concentrations in the Vaccarés samples.

Pollen concentration

Core pg/g

Vaccares 1 4,336
Vaccarés 6 43,932
Vaccarés 9 33,013
Vaccarés 13 13,565
Vaccarés 23 bis 20,984
Vaccarés 29 8,845
Vaccares 34 27,495
Vaccarés 39 11,438
Vaccarés 108 21,066
Vaccares 109 2,888
Vaccares 206 29,166

of the present-day pollen deposition in the lagoon, probably
slightly exceeding one year according to the sedimentation
rate which can be estimated at about 3cm/year in the
Frignants borehole (Triat-Laval 1978).

The salt marsh sediment from La Palissade (collected in
early 1993) shows a concentration of 151,854 pollen grains
(pg)/gram of sediment (g).

The two more important groups are those of halophytic
plants and mesophilous trees or shrubs. The halophytic
group is well represented with percentages between 18 and
27%. In La Palissade sediment a remarkable maximum
frequency of 33.13% is recorded; such high percentages
generally characterize salt-marshes in the area (Poumot
1982). The mesophilous group is represented everywhere by
more than 16% except in La Palissade where it is much lower.

Although most Mediterranean taxa have a low pollen
productivity, it is noteworthy that this group is well repres-
ented in the lagoon samples (maximum 28.20% in sample 39
from Vaccares), but, as for the other taxa, the values in the
sediment from La Palissade are lower, with a minimal value
of 4.81%.

The riparian community is represented in every sample:
the maximum being at La Palissade (9.21%) and the min-
imum from the box core 39 from Vaccares (1.56%).

The aquatic group is always present but never reaches
high percentages: exceptional maximum frequencies are
observed in box cores 1 and 34 from Vaccarés (over 10 and
12% respectively).

Rhone records
Port Saint-Louis du Rhone

The Port Saint-Louis du Rhéne surface sample was collected
in March 1991 from the bed of the river. The uppermost
10 cm are on the whole made of dark grey to black fine-
grained muddy material evolving from silty mud to a very
fine muddy sand.

The pollen concentration of the uppermost 5 cm is about
41,100 pg/g. The synthetic pollen spectrum (Fig. 5) shows
the importance of riparian and mesophilous communities.
Herbaceous pollen grains are very numerous (32.29%), and
the frequences of the halophytic group is weak (1.38%). It

Grana 36 (1997)
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is not possible to estimate the time span covered by such a
sample, especially if one takes into account the high variation
in the flow of the Rhéne and the potentiality for posited
material. However, the presence of all the taxa generally
recorded during one year in the La Palissade atmospheric
pollen trap suggests that the pollen spectrum covers at least
one year. The quasi absence of Cupressaceae (0.75%) could
be explained by very poor preservation in such a tumultuous
deposition environment.

KTROS core

The KTRO5 core, in the prodelta was sampled in early
January 1992. These marine prodeltaic sediments are well
known (Pauc 1970, Aloisi & Monaco 1980, Aloisi 1986,
Calmet & Fernandez 1990, Got & Aloisi 1990). They are
representative of variations both in fluvial and marine
dynamics such that millimetre to centimetre thick black silty
layers alternating with pluricentimetre thick medium to dark
grey muddy layers, correspond to relative active and calmer
phases of the river respectively. The uppermost 50 cm of the
core is a dark grey to black homogenous mud (sands: <15%;
CaCO;: 20-27%; organic Carbon: 1.0-1.5%). Slightly
increasing concentrations of precipitated carbonates
(22-25 cm, 5-10 cm depth) afford the most important fluc-
tuations, The sandy fraction is rich in vegetable fibres,
reworked calcite and gypsum and fecal pellets. The oligospec-
ific microfauna (Elphidium crispum and Ammonia beccarii)
has developed mostly during moderate sedimentation phases
(i.e. the last 10 cm). Concentrations in phosphorus vary
between 0.012 and 0.016% i.e. close to those of the sandy
deposits in the South Vaccarés lagoon. In this prodeltaic
domain, the sedimentation rate ranges between
30 and 40 cm/year (Aloisi 1986, Calmet & Fernandez 1990,
S. Charmasson in litteris 1996). The palynological and
sedimentological analysis of the core suggests that the upper-
most 35cm represent the year 1990 with a well-marked
seasonality (Suc et al. 1996). Consequently top 8 samples
have been considered in this study.

The concentrations of the eight uppermost samples range
from 9,671 to 47,497 pg/g (average: 24,672 pg/g). Riparian
and mesophilous communities are well represented in the
mean pollen spectrum (Fig. 5) while the pollen frequencies
for xerophytic mediterranean vegetation are very weak, as
are those of halophytic plants. The herbaceous part of the
landscape is represented by about 32.59% of pollen.

Water samples

Two sea water samples from the Grand Rhéne plume, were
collected in August 1994: 501 near the surface and 50 1 near
the bottom (i.e., 29 m depth). The pollen concentrations
were 49 pg/l and 21 pg/l respectively; these values are coarse
and very difficult to relate to the sediment pollen concentra-
tions. Nevertheless the qualitative data are comparable
(Fig. 5): riparian, mesophilous and halophytic plants are

! The sediments deposited in 1991 would not be collected because
material was missing at the topmost of the core (P. Cochonat in
litteris 1993).

Grana 36 (1997)

well represented, with herbaceous pollen percentages up to
32.40%. The xerophytic mediterrancan community is less
important (6 to 10%).

DISCUSSION
Pollen transport

It was clear from a preliminary inspection of the data that a
comparative quantitative analysis of pollen accumulation
rates between samples would not be feasable because it is
impossible to evaluate with sufficient accuracy the time period
that each sample may represent (one to several years).

A possible exception is the set of lagoonal samples, derived
from locations with very similar sedimentary histories. On
the other hand, a comparison of the frequencies of the pollen
groups from all sites reveals useful information (Fig. 5). It
is possible to identify a first group of diagrams in which
halophytic and mesophytic communities are represented by
percentages near 20%, xerophytic mediterranean elements
have some importance, and riparian and water plants show
relatively low pollen frequencies; all these pollen spectra are
from the Vaccarés lagoon.

The spectrum from the La Palissade surface sample shows
a higher proportion of halophytic plants, a lower representa-
tion of mesophilous, and a minor value for the xerophytic
Mediterranean component.

If we compare these data with those of the two atmospheric
stations many characters are similar. Some of lagoonal
samples more closely resemble the atmospheric pollen spec-
trum of La Tour du Valat but with less or more xerophytic
elements, and with altitudinal tree and hydrophyte compon-
ents importance being small, i.e. cores 1, 9, 39, 23b, 6, 13,
206, 108, 109, 29, 34, while La Palissade sediment is nearer
to the La Palissade atmospheric pollen spectrum.

The importance of Cupressaceae pollen in the atmospheric
samples has been yet explained and does not hide similarities
between atmospheric and sediment spectra.

The results from the sites in the coastal zone which consist
of a group of samples collected in a fluvial environment
(sediment from the river bed and prodelta, and sea water in
the river plume) are also shown in Figure 5. The KTROS5
core has high frequencies of the riparian woodland element
(maximum almost 30%, average 24.36%). All the sites show
intermediate frequencies for the mesophilous elements, very
low frequencies of aquatics, a low but consistent presence of
altitudinal trees, and low percentages of halophytes except
in the Grand Rhéne plume surface sample. The importance
of Amaranthaceae/Chenopodiaceae pollen (the mainly con-
stitutant of the halophytic group) in this spectrum can be
explained by the fact that the sample was collected during
the fall which is a flowering season for plants of this family.
The same is true for the higher value of the fresh water plant
group (Typhaceae and Cyperaceae are blooming at the end
of June and in July). However it is impossible to explain the
importance of the riparian tree pollen in the surface sample
in this way: perhaps it is difference of buoyancy of the
pollen types.

We conclude that the pollen deposition in the Vaccarés
sites and in the adjacent salt marsh, is mainly of atmospheric



origin, and that the low frequencies of Cupressaceae are the
result of poor preservation in these saline sediments.

A recent study of anthropogenic and natural lead in
various sediments from the Gulf of Lions area, including the
Vaccares lagoon, considers the latter as mainly fed today by
atmospheric fallout (Ferrand 1996).

In contrast, the similarities between the 4 spectra from the
coastal sediments indicate that the main source is fluvial,
shown by the predominance of riparian trees, slightly lower
values of mesophilous elements, low values of halophytes,
and relatively low frequencies of Mediterranean xerophytes.
Altitudinal tree pollen grains are present in the four spectra,
probably transported from the Alps and the Central Massif
toward the sea by running water in larger quantities than
they could be transported by air. Pollen of riparian vegetation
falls directly into the river, so larger quantities, found in the
path of the river, are not surprising.

Therefore the riparian group is considered as helpful for
detecting an indication of occasional fluvial fluxes in the

‘_Ii\Iortheast of the Vaccarés lagoon during Rhéne flooding

eriods (1992 for instance). We compared the data of the
%goon (in northeastern Vaccarés and in the other parts) and

¢ atmospheric record of La Tour du Valat (situated near
§ze Vaccarés). The results are given in Table I11.
@ Vaccarés cores 108 and 34 (North-East part) show the
Qlighest frequencies of riparian elements in the lagoon. The
catmospheric input, recorded at La Tour du Valat, is weaker,
Fo that it is possible to consider that temporary Rhone
@ooding has brought the observed quantity of pollen grains
#rom the riparian woodland in the northeastern part of the
@accares, particularly in cores 34 and 108. Furthermore we
Snow that floodings of the Rhéne cannot overprint the

odern sedimentary process very much, because the flow of
othe Rhone is now restricted by dams.
§ Therefore, modern pollen sedimentation in the Vaccarés
dagoon is almost exclusively forced by air transport, in spite

f some occasional Rhone influxes. Pollen sedimentation in
%e Rhoéne prodelta is mainly controlled by fluvial transport
BDut it is impossible to say precisely what the continuous
%ontribution of pollen rain along the length of the Rhone is.
& rough calculation tends to indicate that the atmospheric
pollen imput at the Rhone mouth is about 400 times lower
than the fluvial imput. The estimation has been made by

b

Modern polilen deposition in the Rhone delta 111

comparing the annual atmospheric pollen input at La
Palissade (values extended to the Rhone mout length) and
the annual content pollen of the fluvial waters (according to
the Rhone flow, Savey & Deléglise 1967). However, we must
assume that an indeterminable component of oxidized or
deposited pollen has been removed from the total fluvial
imput. These two different origins for the sedimentation were
also observed with the modern fallout of metal particles both
over the Vaccarés area and over the Rhéne prodelta (Guieu
et al. 1991). These authors have shown a significant shift
from fluvial sources to atmospheric with increasing distance
from the deltaic zone. Their estimate, that the fluvial imput
of metal particles is approximately X10 the atmospheric
imput, is significantly different from our estimates for pollen.
The estimations made by Ferrand (1996) of the amount of
lead show a similar ratio (about 16) between the two ways
of transport in the same prodelta zone.

Camargue sediment pollen spectra and local-regional
vegetation

A brief comparison is made between the 10-20 most import-
ant taxa from each sediment type (Vaccarés lagoon, La
Palissade salt marsh, KTRO5 core in the Rhone prodelta)
and the local-regional vegetation (Fig. 3 and 4).

Everywhere in the Camargue, the pollen spectra are
dominated by Amaranthaceae/Chenopodiaceae, if Pinus is
excepted. Quercus (deciduous and evergreen species), Typha
(everywhere more than 1%) and Cyperaceae are regularly
present as well as Alnus and Olea; Fraxinus, Corylus and
Ericaceae present significant percentage values in pollen
spectra from the Northeastern Vaccarés. Poaceae constitutes
a continuous background with pollen frequencies between 3
and 7%.

This means that all the Camargue vegetation types (Fig. 3)
are well represented, the marshy environments being particu-
larly emphasized (Amaranthaceae/Chenopodiaceae, Typha,
Cyperaceae). Riparian woodland is regularly present in the
spectra at pollen frequencies of about 6% (from 2.3% at core
13 to 9.21% at La Palissade). The mesomediterranean belt
(Fig. 4) is obviously expressed by Quercus ilex-type, Olea
and Pinus p.p. Finally, of the other vegetation communities,

Table II1. Pollen representation of the riparian tree group in the Vaccarés sediment samples and in the atmospheric samples.

Northeastern lagoonal samples

Other lagoonal samples

Atmospheric sample

Riparian tree % Site Riparian tree %

Core Riparian tree % Core
Vaccarés 34 8.94
Vaccarés 108 6.93
Vaccarés 23 5.1
Vaccarés 29
Vaccarés 109 4.51
Vaccarés 6
Vaccares 206 4.4
Vaccarés 9
Vaccarés 1

Vaccarés 13

La Tour du Valat 5.82
4.93
4.44
3.45

232

Grana 36 (1997)



Downloaded by [94.34.8.216] at 01:46 29 December 2011

112 G. Cambon et al.

only the supramediterranean is well represented, mainly by
deciduous Quercus.

At La Palissade (salt marsh), the dominant taxa are, (with
the exception of Pinus), decreasing frequency:

— Amaranthaceae/Chenopodiaceae dominant, Poaceae
(7%), Quercus (deciduous), Quercus ilex-type (evergreen),
Populus, Ulmus (relatively high percentage of 1.93%),
Fraxinus, Salix, Alnus and Cupressaceae;

— with lower percentages of Ericaceae, Cerealia, Plantago,
Betula and Olea.

This pollen spectrum in particular provides an image of
the immediate vegetation (brakish water marshes and ripar-
ian woodland).

All the modern samples taken from the Vaccarés area have
pollen spectra of the same kind (the same 10 most important
taxa) with slight variations in the frequencies according to
differences in depth, distances from the shore, granulometry
and position with respect to the dominant wind direction.

At KTROS, the dominant taxa can be classified into three
groups (decreasing percentages):

— Alnus, Cupressaceae, Poaceae, Pinus;

— Populus, Fraxinus, deciduous Quercus, Quercus ilex-type;

— Salix, Cyperaceae, Potamogeton, Carpinus, Corylus,
Ericaceae, Betula, Fagus, Picea, Platanus, Rosaceae,
Ambrosia, Cerealia, Artemisia, Asteraceae-Asteroidae,
Asteraceae-Cichorioidae, Brassicaceae, Mercurialis,
Cannabaceae, Rumex, Plantago and Amaranthaceae/
Chenopodiaceae.

It is obvious that the riparian woodland (4lnus, Populus,
Fraxinus, Salix) is greatly dominant and its pollen representa-
tion probably corresponds to a short distance of transport.
Many taxa can represent the entire region under considera-
tion (Cupressaceae, Pinus, Platanus, Rosaceae, and particu-
larly the herbs such as Poaceae, Asteraceae including
Ambrosia and Artemisia, Rumex, Cannabaceae, Plantago,
Mercurialis, and Brassicaceae). The mesomediterranean belt
is poorly represented by Quercus ilex-type. The supramediter-
ranean (i.e. hill) belt is better represented by deciduous
Quercus, Corylus, Carpinus and Ericaceae p.p. Mountainous
and subalpine belts are also moderately represented by
Betula, Fagus and Picea. Local marshy vegetation is poorly
represented (Amaranthaceae/Chenopodiaceae on the one
hand for brackish or salted water environments, Cyperaceae
and Potamogeton on the other hand for freshwater
environments) as are the cultivated areas (Cerealia only).

On the whole, the local vegetation (freshwater plants and
halophytes for lagoonal sediments, riparian trees for fluvial
samples) are predominantly represented within the two kinds
of spectra (Fig. 3). Lagoonal and fluvial (including prodel-
taic) sediments provide a similar image of the mid to high
altitude vegetation belts (regional vegetation). Differences
concern the percentages of herbs and shrubs which are higher
in the deltaic zone sediments (Port Saint Louis du Rhone
and KTROS cores). It seems that this group takes the place
of Chenopodiaceae/Amaranthaceae in the spectra, as well
as in the surrounding lanscape (cf atmospheric sample of
La Palissade).

CONCLUSIONS

In general, our data of pollen spectra of atmospheric origin
are consistent with the results of Pons et al. (1979), although
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their analyses were based on moss polster samples and our
investigations provide information that is more relevant to
the interpretation of pollen assemblages from deltaic sedi-
ments. Nevertheless, although the Rhoéne delta is less complex
in its fluvial dynamics than some others (e.g. the Mississippi),
it remains difficult to elucidate the role of all factors that
control the modern deposition of pollen in this ecosystem.

However, using appropriate ecological groupings of pollen
taxa, and relating them to the local and regional vegetation,
we have been able to demonstrate the following two major
modes of deposition:

— one where atmospheric pollen transport, i.e. pollen rain,
is the main pollen influx for surface sediments. The Vaccarés
lagoon landscape and its immediate surroundings are well
represented by halophytic, fresh-water and mediterranean-
xerophyte pollen assemblages;

— the other, immediately in the Rhoéne mouth area, where
fluvial pollen influx illustrated by riparian communities and
altitudinal trees is dominant,

So we have evidenced that at least two kinds of pollen
spectra may express the same local and regional vegetation
(according to the prevailing sediment influx). We think that,
in the light of this information, accompanied by well docu-
mented sedimentological work, a more reliable interpretation
of fossil pollen spectra will be possible for such areas.
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