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Abstract The focus of palacoenvironmental sciences on
past human activities and their impact on the environment
necessitates a precise understanding of the history and
functioning of past and present anthropogenic ecosystems.
A process is outlined which uses palacoenvironmental and
historical documentation as well as present-day observa-
tions of vegetational changes from two different plant
communities, which are characterised by a very specific
anthropogenic flora: arable weeds and ruderals. This study
is coupled with modern pollen deposition data to deduce a
set of pollen types characteristic of the range of human
activities practised in eastern France, a region rich in pollen
data. First, phytogeographical analysis of the evolution of
these plant communities since the Neolithic enables the
comparison to be validated. By distinguishing between
native plants and aliens introduced long ago (archaeo-
phytes), or more recently (neophytes), and by refining their
ecological characteristics, the method also enables identi-
fication of species that are strong indicators of human
activities. Next, local pollen deposition in these vegetation
types is examined with a number of statistical analyses
(PCIA, Davis indices), confirming the relationships
between a given vegetation community, its theoretical
pollen rain and its actual pollen rain, thus distinguishing
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local and regional pollen indicators. Lastly, comparison of
the results obtained by these two approaches leads to a
critical synthesis of the traditional anthropogenic pollen
indicators (Behre’s “indicator species”) in the study area
and to the establishment of more specific local pollen
indicators.
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Introduction

Palacoenvironmental analyses, pollen, charcoal (anthra-
cology) and macrofossils are an indispensable complement
to the study of archaeological remains in the understanding
of past societies, their changes in agricultural practices and
their impacts on the environment.

Palynology attempts to identify anthropogenic dynamics
such as presence and development of human activities,
phases of abandonment etc. from fossil pollen spectra.

The perception of human impact on vegetation is based
primarily on the use of anthropogenic indicators in pollen
diagrams, that is, pollen types associated with human
activities. Some are well known since the early 1980s,
especially in central Europe, thanks to -classifications
proposed by Behre (1981, 1988).

The method proposed by Behre (1981) relies on recog-
nition by their pollen of plant taxa directly associated with
human activities, like crop plants such as cereals, their
associated floras of arable weeds, the ruderal floras etc.
This identification of various categories among non-arbo-
real taxa is based on the ecological requirements of species
and relies on phytosociological references. Behre uses the
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distribution of species in modern plant communities and
takes into account their traditional distributions before the
introduction of modern farming methods, according to
Oberdorfer (1970), Ellenberg (1979) and others. Further-
more, to consider the changes in these communities since
prehistoric times, he uses the “empirical knowledge”
acquired from large numbers of pollen analyses and studies
of macro-remains. Behre (1981) thus offers a list of “the
principal anthropogenic indicators in pollen diagrams and
their occurrence in various farming contexts within that
part of Europe north of the Alps”.

These indicators have been widely used and adapted in
northern European regions, for example Berglund and
Ralska-Jasiewiczowa (1986) for Sweden, Vorren (1986)
for Norway, Hicks (1988) for Finland, as well as in France
(Jalut 1991; Marguerie 1992; Galop 1998; Gauthier 2004).

But beyond the general reconstruction of vegetation
dynamics, current research aspires to identify at a fine scale
each type of human activity, where it took place, and for
how long. In the context of lively discussion of early traces
of agriculture (Behre 2007, 2008; Tinner et al. 2007, 2008),
an improvement of our perception through palynology of
vegetation influenced by human activity could help resolve
this difficult question.

This aspiration for precise reconstruction requires sound
knowledge of the ecosystems associated with human
activities such as hay meadows, lowland or mountain
grazing land, cultivated and ruderal environments, and of
the plant communities in them. It also implies studying the
relations between current anthropogenic habitats and their
pollen rain (Gaillard et al. 1992, 1994; Brostrom et al.
1998; Hjelle 1999; Brostrom et al. 2008). Furthermore,
these researchers all agree on the importance of the his-
torical and floristic characteristics of each study area, and
this has led to more of this type of analysis being done at a
local scale (Galop et al. 2003; Mazier et al. 2006).

In this context, there has still been little work in France
on different vegetation types created by human activity
(Court-Picon et al. 2006; Mazier et al. 2006; Brun et al.
2007). So far there are no studies combining archaeobo-
tanical, historical, phytogeographical and current approa-
ches to the floras of arable fields and ruderal environments.

In order to improve interpretation of the fossil pollen
assemblages and to refine the definition of the anthropo-
genic pollen indicators proposed by Behre (1981, 1988),
two human-influenced vegetation types, arable weed and
ruderal vegetation, were studied in the Jura mountains and
the adjacent plains of Franche-Comté, eastern France, a
region rich in peat bogs and pollen investigations .

This study examined:
— Change in the biodiversity of these anthropogenic flo-
ras, using an interdisciplinary method combining
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ecology,
sciences;
— local pollen deposition in these human-influenced
vegetation types, in order to establish the relationship
between the vegetation and the pollen evidence.

phytogeography and palaecoenvironmental

As the results of these two approaches have already been
published (Brun et al. 2007, 2008; Brun 2009), the aims of
the present article are:

(1) to present briefly the methods and the principal results
of these two approaches;

(2) to identify specific modern pollen indicators for
cultivated fields and ruderal habitats and establish
whether they add to or differ from those already defined
in central Europe, for the study area in eastern France;

(3) to establish whether theses approaches could lead to a
critical review of the traditional anthropogenic pollen
indicators.

Materials and methods

Identification of natives, archaeophytes and neophytes
as a means of exploring the history of the introduction
of plants

Through historical study of anthropogenic vegetation at a
regional level, from the Neolithic to the present day, it is
possible to distinguish native and alien plants present in
floras and to understand the development of their popula-
tions through time. Depending on their residence time,
alien plants can be classified as archaeophytes, plants
introduced into a study area before a.p. 1500, and neo-
phytes, plants which became established after a.p. 1500
(Pysek et al. 2004; Brun 2009). Although this classification
of aliens has traditionally been used in central European
countries (Holub and Jirasek 1967), there is no a detailed
list of alien plants for France.

This distinction between natives, archaeophytes and
neophytes is sometimes a difficult one to make, and relies
on a combination of evidence from archaeobotanical data
from pollen and seed analyses, archaeology, history from
botanical records in ancient floras, phytogeographical data
on origin and distribution, and ecology (preferential habi-
tats, life-history traits) (Preston et al. 2004; Pysek et al.
2002).

Moreover, in order to infer the evolution of human
induced plant colonisation during the last 7,500 years, from
5500 B.c. to A.p. 2000, the date of the first fossil or historical
record of each alien species was determined by combining
these data; for more details about the data used and com-
piled for this work in eastern France, see Brun (2009).
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Study of pollen—vegetation relationships
and identification of local and regional pollen indicators

The data set of this survey includes 141 modern vegetation
relevés (samples) made in cultivated fields and ruderal
environments throughout the entire region in 2003 and
2004. In order to estimate the pollen rain, moss polsters
were collected in some relevés of each floristic group
defined by statistical analyses, 52 samples in all, details of
which are given in Brun et al. (2007, 2008). When it was
possible, extensive counts of pollen grains were done with
the aim of detecting rare indicator taxa. A minimum of 500
pollen grains were counted on each slide and attempting to
determine a minimum of 400 NAP grains, an average of
798 grains was counted per sample, see Brun et al. (2007,
2008). Pollen analysis was made using the modern refer-
ence collection of the laboratory of Chrono-Environne-
ment, Besancon, France, the pollen atlas of Reille (1992,
1995, 1998) and the identification key of Beug (2004).
Fieldwork consisting of vegetation surveys, pollen
collection and identification was undertaken in order to
analyse the relationships between a given vegetation
community, with the vegetation data expressed at a species
taxonomic level, its theoretical pollen rain, with the
vegetation data expressed as pollen types, and its actual
pollen rain, with the pollen data expressed as pollen types.

— First, to test the relationship between the three data-
sets, two by two, we used procrustean co-inertia
analysis (PCIA, Dray et al. 2003). This enabled us (1)
to assess whether or not the taxonomic level of
identification influences the structure of the vegetation
data-sets and (2) to establish whether the vegetation
and pollen data-sets are similar in structure.

— Next, for pollen types which are present in both
vegetation and pollen rain, calculation of the three
indices of Davis (1984) provided some information on
the qualitative relationships between pollen and
vegetation. They revealed a good association (A) between
the presence of a taxon in pollen rain and vegetation on
the same site, or its under- or over-representation (U or O)
in pollen rain compared to vegetation.

In order to take into consideration some of the factors
which influenced the pollen representativity and to inter-
pret these results, each taxon was related to the mean size
of its pollen grain, using data of Beug (2004) and to its
mode of pollination, using the data of Proctor et al. (1996),
Hjelle (1997) and Julve (1998).

Lastly, the combination of the results obtained by
these two approaches led to a critical examination of the
traditional anthropogenic pollen indicators (“indicator
species”, Behre 1981) in the study area.

Results
Strong pollen indicators of human activities

Among the 494 species that potentially grow in anthropo-
genic habitats, 183 grow in cultivated fields, 267 in ruderal
environments and 43 in both habitats. More than half of
these, 250, are aliens, among which 60.8% are archaeo-
phytes, 25.2% are neophytes and 14% are of undetermined
status. The largest number of aliens is found on arable land
with almost two-thirds of the 225 species, while less than
half of the 310 ruderal species are aliens. Furthermore,
archaeophytes are over-represented on arable land where
almost half of the arable weeds are archaeophytes, but in
contrast, neophytes are twice as common in ruderal habitats
(Brun 2009).

The history of introduction of plants allows us to
reconstruct an approximate pattern of the constant enrich-
ment of the flora by aliens. It is possible to distinguish two
main periods: the first began at the end of the Neolithic and
reached a peak in the late Bronze Age, when the majority
of the archaeophytes came from the Mediterranean area
and grew on arable land. Later, the beginning of the
modern period after about A.p. 1500 was also characterised
by another peak in immigration of aliens, in our study area
as well as in the rest of Europe. However, these neophytes
had more diverse geographic origins than the archaeo-
phytes and were more frequently associated with annual
ruderal vegetation types (for details, see Brun 2009).

By distinguishing between earlier and more recent
introductions (archaeophytes and neophytes) and by refin-
ing their phytogeographical and ecological characteristics,
the results show that in vegetation communities created by
human activity, the plants are found in a varied range of
habitats. Some of them occur only in specific habitats, such
as arable fields or various ruderal situations, while others
are opportunists which may grow on disturbed ground in
both arable and ruderal sites but also in pasture or grass-
land, for example.

The study of the biological and ecological attributes of
the plants, such as life form, flowering time, pollination
and dispersal mode etc., and current habitats, enables us to
demonstrate that aliens are more specialized plants than
natives and tend to occur in only a few habitats. Moreover,
among the aliens, archaeophytes are more often confined to
specific habitats than neophytes and are therefore even
more closely associated with human activities (Brun 2009).

Consequently, these taxa should be considered as strong
indicators of human activities. Their identification in a
fossil record indicates, without any doubt, human presence
and sometimes they can even inform us about a specific
habitat or human practices.
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The grouping of taxa in higher taxonomic ranks, cor-
responding to the level of pollen determination such as
pollen types, allows us to estimate the possibility of
detecting these strong indicator taxa in the pollen record.
Moreover the study of the history of the introduction of
alien plants permits us to suggest a possible period of
introduction for each strong indicator taxon. These
assessments are based on macro-remains, pollen and his-
torical records for each species which comprises these
pollen types and they are presented in Table 1 and
Appendix A (Supplementary material).

Relationships between modern pollen and vegetation
assemblages

Correlation between the vegetation, theoretical pollen rain
and actual pollen rain

The results of the Procrustean Co-Inertia Analyses (PCIA)
show that it seems possible to characterize general crop
vegetation (Brun et al. 2007) and ruderal vegetation (Brun
et al. 2008) based on their pollen spectra.

First, the difference of taxonomic level of determination
between the flora and the theoretical pollen rain (species vs
pollen types) is a negligible factor in the perception of
plant communities of cultivated fields and ruderal habitats.
This fact is now generally accepted.

Next, the actual pollen rain of these communities
satisfactorily reflects the vegetation. This is particularly
true for those of ruderal habitats where, despite a lack of

taxonomic precision, we can differentiate each group
of ruderal vegetation, such as in trampled places etc. at the
floral and pollen level. However, the results obtained in
fields are less clear-cut as we were unable to differentiate
each group from its pollen assemblage, such as arable weed
floras of acidic from those of basic soil.

The major part of the high residuals found in the PCIA is
due to the lack of taxonomic precision in pollen identification
even if all the dominant taxa in the vegetation assemblages are
found in the pollen spectra. Moreover, variation in pollen
production and dispersal between plant species and differen-
tial preservation of pollen grains affects the presence of any
particular pollen type in the assemblages. This fact necessi-
tates the establishment of specific pollen indicator taxa for
each of these plant communities.

Association and representation indices

The previous analyses have shown serious problems of
under- and over-representation of some pollen types. The
association, under- and over-representation of pollen types
can be identified and explored with Davis indices (A, U
and O). It is therefore possible to identify two new cate-
gories of pollen indicators in addition to the first category
(1) strong indicators of human activities. They are:

(2) indicators which are more or less specific for the
investigated environments, cultivated fields or ruderal
habitats;

(3) local or regional indicators of human presence,
according to their indices of association and representation

Table 1 Pollen types which represent only archaeophyte plant species in eastern France

Period Time range Pollen types indicating cultivated habitats Pollen types indicating Pollen types
ruderal habitats indicating both
Neolithic 5500-2200 B.c. 2 Agrostemma githago, Papaver argemone 5 Hyoscyamus niger, 2 Fallopia,
Malva sylvestris-t., Polygonum
Verbena officinalis aviculare-t.
Bronze Age 2200-750 B.c. 4  Centaurea cyanus, Chaenorrhinum minus, 2 Omphalodes-t. 1 Papaver

Kickxia, Scleranthus

rhoeas group

Iron Age 750 B.c.—A.D. 52 4 Adonis aestivalis-t., Fumaria, Lithospermum 2 Reseda, Xanthium strumarium-t. -
arvense, Spergula arvensis
Roman A.D. 52-500 2 Ranunculus arvensis group, Vaccaria hispanica 0 — -
period
Medieval A.p. 500-1500 2 Legousia-t., Melampyrum 3 Chelidonium majus, 1 Mercurialis
period Medicago sativa-t. annua
No data 7 Antirrhinum-t., Erodium, Heliotropium 3 Echium, Malva 1 Aconitum
available europaeum-t., Lycopsis arvensis-t., Nigella, neglecta-t., group
Polycnemum, Sagina apetala-t. Marrubium
Total 21 15 5

The determination of the probable introduction period of each species, based on macro-remains, pollen and historical records, is used to classify
pollen types according to their probable period of appearance in fossil pollen assemblages. When no data were available for the introduction
period of a plant species, the pollen types are put in the category “No data available”. They are also classified according to the environment to
which the species they represent belong (cultivated fields, ruderal or both habitats). Relationships between pollen types and species are given in

Appendix A (Supplementary material), t = type
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values, so that these pollen types show the presence of the
species near to or far from the sampling point. The clas-
sification as local or regional pollen indicators was made
by comparing the results obtained for the Davis indices
with those of similar studies made in other regions (Hjelle
1997; Mazier et al. 2006, see Appendix B in Supplemen-
tary material) and by taking into account the production
and dispersal of the pollen types. As a mixture of open and
wooded landscape has been sampled in this study, the
classification as local or regional indicator should be con-
sidered as a summarized proposal for the studied area.

Integration of pollen types in these two categories brings
to light the characteristics of arable and ruderal habitats of
the study area. These results are presented in Table 2 and
Appendix B (Supplementary material).

Comparison of the list of strong indicators and the study
of modern pollen rain and vegetation

The comparison of the three categories of indicator values
allows the following observations to be made:

Table 2 Anthropogenic indicators in pollen diagrams for eastern France

First, the majority of the strong indicator taxa, that
enable an immediate identification of cultivated fields,
ruderal habitats or both, are local indicators, so they reflect
the presence of vegetation communities influenced by
humans close to the sampling point (Table 2, in bold).

In addition, the absence from the modern pollen rain of a
large number of the expected pollen indicators, especially
in fields and among the strong indicators, is mainly due to
their rarity in the investigated environments and not to the
impossibility of finding them in pollen assemblages, even if
the species represented by the absent pollen types have a
generally low pollen production and dispersal.

Finally, other indicator pollen type, composed of native
species or a mixture of indigenous species, archaeophytes and
neophytes, are less often found in a precise anthropogenic
vegetation type and rather reflect a regional presence of these
environments. As could be expected, regional indicators
principally consist of pollen types which represent taxa with
high pollen production and wind distribution such as Plan-
tago, Rumex, Chenopodiaceae, Artemisia spp. etc. Conse-
quently, they will be more frequently found in the pollen rain.

Local pollen indicators

Regional pollen indicators Pollen types never found in the pollen rain

Cultivated  Anagallis-t., Antirrhinum-t., Centaurea cyanus, Cerealia-t.

Adonis aestivalis-t., Agrostemma githago, Aphanes

habitats Kickxia, Scleranthus, Sinapis, Valerianella, arvensis-t., Arnoseris minima, Chaenorrhinum
Viola tricolor-t. minus, Erodium, Gagea-t., Heliotropium
europaeum, Legousia-t., Lithospermum arvense,
Lycopsis arvensis-t., Melampyrum, Mercurialis
annua, Myosotis discolor, Nigella, Odontites-t.,
Ornithogalum umbellatum-t., Ornithopus, Papaver
argemone, Polycnemum, Ranunculus arvensis
group, Sagina apetala-t., Spergula arvensis,
Thymelaea passerina, Vaccaria hispanica
Ruderal Bryonia, Calystegia, Chelidonium majus, Artemisia, Urtica Agrimonia-t., Astragalus-t., Cuscuta europaea-t.,
habitats Dipsacus/Cephalaria, Echium, Geum-t., Cynoglossum, Hyoscyamus niger, Lactuca-t.,
Lamium album-t., Linaria-t., Malva sylvestris- Lappula, Lavatera-t., Marrubium, Medicago
t., Medicago lupulina-t., Mentha-t., Rubus, sativa-t., Omphalodes-t., Reseda, Saussurea-t.,
Solanum dulcamara, Verbascum, Verbena Symphytum, Xanthium strumarium-t.
officinalis
Both Convolvulus arvensis-t., Euphorbia, Fallopia, =~ Chenopodiaceae/ Aconitum group, Herniaria glabra-t., Sonchus-t.,
Fumaria, Galeopsis/Ballota group, Geranium,  Amaranthus, Spergularia-t.
Malva neglecta-t., Papaver rhoeas group, Polygonum aviculare-t.
Persicaria maculosa-t. (= Polygonum
persicaria-t.), Sanguisorba minor, Solanum
nigrum-t.
All Cirsium, Trifolium repens-t., Veronica-t., Plantago lanceolata-t.,
anthropo- Plantago major/media-
genic t., Rumex acetosa-t.,
habitats Rumex obtusifolius-t.

Pollen types are classified according to the environment to which the species they represent belong (cultivated fields, ruderal or both habitats and
all anthropogenic habitats) and according to their indices of association and representation values, as local or regional pollen indicators. Pollen
types never found in the pollen rain are also shown. Strong indicator pollen taxa are shown in bold. Some pollen types found in ruderal habitats
are also typical of woodland edges, and they are underlined. Relationships between pollen types and species are given in Appendix A

(Supplementary material), t = type
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Comparison between the anthropogenic pollen
indicators from Behre (1981) and our results

For some of the pollen types, we arrived at the same
conclusions as Behre: Centaurea cyanus, Lychnis-Agro-
stemma-type, Scleranthus annus and Spergula arvensis are
pollen types found only in cultivated fields. Urtica and
Artemisia are more specifically confined to ruderal places.
Fallopia convolvulus, Polygonum persicaria-type and
Chenopodiaceae are found in cultivated fields as well as in
ruderal habitats. Trifolium repens-type is found in all kinds
of anthropogenic habitats.

For some other pollen types, our results were different
from those already published: Plantago lanceolata is
indicated by Behre as a preferential marker of wet mead-
ows and pastures. The author adds that this species should
be used with caution because it is also likely to indicate
cultivated fields in ancient periods (Behre 1981, p. 235).
These conclusions are similar to ours as we determined this
species as an indicator of all types of anthropogenic habi-
tats. Plantago major/media-type is preferentially associ-
ated by Behre with trampled and ruderal places. The
specificity of this marker has often been discussed. For
example, strong correlations have been found between this
pollen type and the increase of livestock in particular fossil
contexts as in the detailed study of pollen sequences in lake
Chalain (Richard and Gery 1993). In our study, we found it
everywhere and it indicates any type of anthropogenic
locality. The pollen of Rumex is difficult to identify more
exactly, and the author suggests two different types, Rumex
cf. acetosella and R. cf. acetosa. We did not identify the
first one and Rumex acetosa-type includes, among others,
two different species, R. acetosella and R. acetosa.
Therefore, our interpretations are not comparable and in
our study, Rumex acetosa-type reflects all types of
anthropogenic localities. Polygonum aviculare-type is the
one for which our conclusions differ the most. Indeed,
Behre indicates its presence in all types of anthropogenic
habitats and considers it as an apophyte (native, in habitats
created by humans). On the contrary, the approach we used
to determine its status enables us to show that in our study
region this species and its subspecies is an alien, an ar-
chaeophyte present since the Neolithic, particularly asso-
ciated with cultivated fields and ruderal habitats (see Brun
2009).

Discussion
From a phytosociological point of view, our study proceeds
in the same way as that of Behre, even if it only deals with

two types of anthropogenic habitats, but it also includes
historical, ecological and phytogeographical analyses (see
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Brun 2009) as well as field work and comparison of the
vegetation and its pollen rain (Brun et al. 2007, 2008). In
this respect, it is a confirmation of Behre’s results. How-
ever, it can provide a greater degree of precision and reveal
some discrepancies in the identification of anthropogenic
markers and the limits of Behre’s classification for the
studied area. The differences are threefold:

(1) First of all, the vast geographical area of Europe
north of the Alps chosen in Behre’s study makes the
identification of native and alien taxa difficult; note that
today there is still no synthesis on this subject for this area.
Consequently, this differentiation is not incorporated into
the classification. Even though the author introduces it into
the text for some species of Polygonum, Chenopodium and
Tripleurospermum for example (Behre 1981, p. 237), he
does not clarify which taxa or pollen types are classified in
each category. It is nevertheless essential to assert precisely
the indicator value of the species and exceed a limit often
invoked by some authors, which indicates that this value is
difficult to determine since the species often grow in both
natural and anthropogenic environments (Vorren 1986;
Fegri and Iversen 1989).

By determining the status of species as native or alien,
archaeophyte or neophyte, one can discover the possible
period of arrival of aliens. By studying their characteristics,
we can, indeed, understand the history of these particular
vegetation types and give a different weight to the aliens
and native plants. So, we can distinguish alien species and
alien pollen types which have a more restricted ecological
spectrum and which grow only in anthropogenic habitats.
This is the identification of strong indicator taxa.

(2) Secondly, the accurate identification of the species
that are or were present in anthropogenic floras in culti-
vated fields and ruderal habitats as well as their life form
characteristics highlights the floral characteristics of the
study area, and in particular the presence of taxa with a
southern distribution which are absent from more northern
Europe. This allows us to obtain a more precise and
complete list of indicator taxa.

(3) Finally, the field work enables us to validate the link
between a vegetation type and its pollen representation,
and to determine indicator pollen taxa which are charac-
teristic of each studied habitat. The comparison between
the vegetation and the pollen data allows us to prioritize
and emphasize the importance of strong indicator taxa
which allow an immediate identification of the different
types of anthropogenic habitats. Thus we can distinguish
the strong indicators previously identified and take into
account some of the factors that influence their pollen
representation such as mode of pollination and size of
pollen grains. This enables us to attribute a local or
regional value to the indicator taxa seen in the pollen rain
from these environments.
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Conclusion

The process used proves to be viable and this study con-
firms that the systematic use of the classical indicators of
human activities defined for central and northern Europe
(Behre 1981) is not appropriate for reconstructing human
activities in more southern areas. Our study stresses that the
interpretation of pollen diagrams needs knowledge of local
vegetation in order to provide evidence of vegetation and
land-use changes in the fossil pollen assemblages.

The completed list of anthropogenic pollen indicators
could be used to reconstruct human activities from fossil
pollen records in the study area. Indicator taxa that would be
the most easily identified in the fossil assemblages are those
that are well dispersed and they therefore reflect a regional
presence of anthropogenic habitats. The study shows that all
these markers indicate ruderal localities or ruderal and
arable environments or any type of anthropogenic habitat.
So, the differing pollen composition of ruderal and arable
weed vegetation relies on strong indicator types which are
local markers. Consequently, only those activities, espe-
cially farming, occurring in the immediate vicinity of the
sampling site will be strongly recorded.

Finally, for better detection of human activities, the
most suitable sampling sites are those which enable us to
reconstruct local vegetation, such as former channels,
sediment samples from archaeological sites, minor water-
courses, small lakes and kettle-hole bogs. In these cases, it
would be particularly useful to make large pollen counts
with a minimum of 400 NAP and to improve the identifi-
cation level of pollen types. The recognition from their
pollen of more precise taxa, usually not made by paly-
nologists, would be of great interest; for example, Agro-
stemma githago which is sometimes seen in pollen
assemblages is generally included within the Caryophyll-
aceae pollen type, but it is a strong indicator of cornfields.
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