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Chapter 3

A History of Long-Term Human—-Environment
Interactions in the French Pyrenees Inferred
from the Pollen Data

Didier Galop, Damien Rius, Carole Cugny, and Florence Mazier

Introduction

Over the last decade, several research programs have been involved in studying the
socioecological history of the Pyrenean Mountains using sedimentary records pre-
served in lakes and bogs. Their main focus was on understanding human exploita-
tion of natural resources and its environmental consequences. Recovering these
“memories” buried for thousands of years in sediments requires interdisciplinary
efforts dealing with the analysis of a large number of bio-indicators. The study of
those bio-indicators has become a multi-proxy process which combines the classi-
cal study of fossil pollen and spores with macro-charcoal (size >150 pm) and non-
pollen palynomorphs (algae, fungal spores, etc.) data. Those additional
bio-indicators provide precise information about the historical use of fire (Whitlock
and Larsen 2002; Vanniere et al. 2001; Galop et al. 2002; Rius et al. 2009) as well
as trophic conditions or grazing activities respectively (van Geel 2001; Cugny
et al. 2010). Along researching those biomarkers, geochemical studies of lead iso-
topes helped in documenting past atmospheric pollution events related to historical
mining or metallurgical activities (Bindler et al. 1999; Bréinnvall et al. 1999; Galop
et al. 2001; Monna et al. 2004). Leaving aside the technical aspects of those stud-
ies, we briefly introduce below the principles of the palynological approach as a
means of tracing the impact of human past activities on the local ecosystem. This
approach takes into account a series of anthropogenic pollen indicators. The most
obvious signature of human activity is deforestation associated with the conquest
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of land highlighted in the pollen diagrams by lower frequencies of tree species and
by the higher frequencies of herbaceous and some tree species, which prefer colo-
nizing disturbed areas (juniper, birch, hazel, etc.). However, such events may also
be caused by other factors unrelated to human activity (weather hazards, natural
fires, etc.). Therefore identification of other pollen indicators undoubtedly associ-
ated with human actions is needed. We propose using the indicator-species approach
derived from ethnobotanical investigations and based on modern pollen represen-
tation of cultigens and other plants characteristic of agro-pastoral practices (Behre
1981, 1986; Mazier et al. 2006, 2009). Cultivated species, arable weeds as well as
ruderal plants found in areas impacted by past human activities such as fallows,
waste ground, surroundings of buildings are considered to be such reliable indica-
tors. Variations of taxon-guides can help us to understand the long-term fluctuations
of human-induced pressure at a given site and allow their interpretation in terms of
spread, stability, or abandonment of human activities. Such approach has been
applied to identify the main phases and processes of human impact on the northern
(French side) slopes of the Pyrenees (Fig. 3.1). This chapter offers an overview of
the last 7,000 years of human history in those mountains with a particular focus on
the arrival of the Neolithic agro-pastoralists.

The Neolithic Conquest

The introduction of agro-pastoral culture in the Pyrenees and the spread of that
culture which significantly affected the local ecosystem and contributed to environ-
mental changes cannot be disconnected from the Neolithization process that affected
the entire Mediterranean Basin. The palynological data acquired during the last 30
years of research conducted on the northern slopes of the Pyrenees help us to under-
stand environmental changes of the landscape but also provide the pollen evidence
on human impacts on the ecosystem. Those impacts, namely the appearance of
grains or plants associated with agro-pastoral activities, as well as signs of openings
in the forest allow us to infer the chronology and the spatial extent of the early agro-
pastoral activities across the mountains. The spatiotemporal analysis of the appear-
ance of early agro-pastoralists in the region clearly indicates that the Neolithic
conquest of the Pyrenees was not a uniform process (Fig. 3.2). The spread of human
Neolithic activities across the Mediterranean and the Atlantic coasts was characterized
by asymmetric diffusion processes regularly influenced by what was happening in
the Mediterranean zone, and an arrhythmic phase of expansion, whose origin still
uncertain may have been driven by sociocultural and natural phenomena (i.e.,
ecological thresholds).

The earliest Neolithic signs of human impact on the foothills of the Mediterranean
Pyrenees are confirmed by pollen data from the seventh and the turn to sixth millen-
nium BC, 6700-5900 cal. BC, in the lower Aude Valley (Roussillon plain), i.e., sev-
eral centuries before the dates of the first Neolithic archaeological evidence assessed
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Fig. 3.1 Synthesis of long-term socio-ecological history on the northern slope of the Pyrenees
during the last 8,000 years inferred from palacoecological and archaeological data

between 6400 and 6000 cal. Bc in Catalonia’s lowlands (Planchais 1985; Jalut 1995;
Guenet 1995; Galop and Vaquer 2004). The first discrete manifestation of the pres-
ence of the Neolithic societies linked to the appearance of the Cardial Ware groups
in the Pyrenees is dated to 5800-5500 cal. BC, and reinforced by the data on an
opening of the oak forest due to the emergence of agriculture. From the Mediterranean
center the economy based on agricultural production gradually spread out across
the Pyrenees at the end of the sixth and the beginning of the fifth millennium BcC.



2 D. Galop et al.

6000-5300BC). 1 L =
Early Neolithic '  Massit conia
< .‘
-5?5 “Landes” of Gascony = S g

e

v

5300 - 4500 B >" \ I

Early Neolithic/-

4
4500 - 4000 B! E
Middle Neolithi¢-

e"t

4000 - 3500 B!
Middle Neolithic

e

v

3500 - 2500 B
Late Neolithic /-

Fig. 3.2 Dissemination of agro-pastoral activities on the northern slope of the Pyrenees during
the Neolithic period inferred from pollen records. Coloured discs report first evidence of grazing
activities suggested by the presence pollen of nitrophilous plants while the stars indicate the first
notations of cereal cultivation
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The diffusion of agro-pastoral culture into the Pyrenees remains difficult to date
precisely. This is especially true for the initial stages and their study requires a lot
of care and attention because the anthropogenic signature loses its strength with
increasing distance from the Neolithic centers located on the Mediterranean coast.
The earliest agro-pastoral communities may have operated at a scale too small, or
below a disturbance threshold, to be detectable by pollen analysis and thus their
activities remain a “blind spot” in our history. Although such possibility is real, the
pollen data suggest that human groups appeared ca. 5800 cal. BC at lower altitudes
in the piedmont of the northern Pyrenees (Galop 2005; Rius et al. 2009). The south-
ern slopes (Spanish side), however, have been colonized by the Neolithic societies
more rapidly. Deforestation and cultivated crops were detected in the immediate
vicinity of the archaeological site of Chaves, located in the southern part of the
Pyrenees and dated between 5800 and 5300 cal. Bc (Lopez-Garcia and Lopez-Saez
2000). Was the Ebro Valley an important geographical axis of cultural diffusion that
allowed the rapid expansion of agro-pastoral culture on the southern side? This is
likely and researching this hypothesis may also explain the appearance of anthropo-
genic pollen indicators ca. 5200 cal BC in the highlands of the Basque Mountains,
upstream of the upper Ebro Valley. In this highland zone, slender indices of tempo-
rary occupation and pastoral opening of the oak forest are present in the pollen
record obtained at Artxilondo near the Aizpea cave, where a Neolithic occupation
dated to 5400-5200 cal. BC has been recorded (Barandiaran and Cava 2002; Galop
et al. 2004). These activities occurred few centuries before the first evidence of
human Neolithic activity on the northern slopes and are most likely linked to small
groups of hunter and pastoralist nomads penetrating the high altitudes. However,
such impacts remain isolated and agricultural activities in the Pyrenees seem absent
in the western, Atlantic regions of the mountains during the early phase of
Neolithization.

During the second half of the Early Neolithic Period human activities progressed
slowly along the mountain range and are better visible in the pollen record of the
northern Pyrenean foothills (Rius et al. 2009). The first traces of agriculture associ-
ated with small forest openings are identified in the western and central Pyrenean
foothills ca. 4800 cal. BC. At the same time similar traits are recorded further north
in Landes Department in Gascony (Faure and Galop 2011). Irregular presence of
pollen grains from ruderal species recorded at several sites in the foothills of the
Garonne Valley and dated between 4800 and 4500 cal. BC, attests to the emergence
or intensification of agro-pastoral activities in lowland areas.

The diffusion of the agro-pastoral culture during the early Neolithization to the
central and western Pyrenees appears restricted to the foothills, whereas at the same
time it is well represented in the mountain areas of the eastern, Mediterranean part
of the mountains. Pollen evidence of pastoral activities and forest clearings that took
place between 4700 and 4500 cal. BC were observed in higher altitudes of the east-
ern Pyrenees (>1,500 m above sea level [m.a.s.l.]). This observation reinforces the
hypothesis of the spread of agro-pastoral culture in the foothills of Catalonia along
the eastern Pyrenees (Baldellou and Utrilla 1999). The data also highlight the apparent
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slowness of dissemination of the Neolithic culture into the central and western
Pyrenees. This slow and asymmetrical diffusion could have been caused by
difficulties in adaptation to different ecological conditions by communities arriving
from otherwise sparse Neolithic settlements of the Mediterranean region.

Following this pioneering phase, the spread of the agro-pastoral culture across
the Pyrenean Mountains becomes more evident during the Middle Neolithic. It
coincides with the rise of the Chasseen culture linked to an increase of population
and settlements in regions outside the Pyrenees (Guilaine 2003). The occurrence of
agro-pastoral pollen indicators on the Atlantic coast at ca. 4400 cal. BC suggests the
conclusion of the diffusion process of agro-pastoral lifestyle along the northern
Pyrenean foothills and suggests that the highlands may have been subsequently
occupied in the phase between 4200 and 3700 cal. Bc.

The first palynological evidence of agricultural lifestyle such as grazing and for-
est disturbance in the western Pyrenees, indicated by an increase in the frequency of
fire, is confirmed for the period ca. 42004100 Bc (Galop et al. 2001; Rius et al.
2009). Further east, in the central Pyrenees and Ariege, several pollen records
obtained from altitudes between 1,500 and 2,100 m.a.s.l. show some signs of defor-
estations and evidences of pastoral activities during the same period (Jalut et al.
2000; Galop 1998; Galop and Vaquer 2004). Nevertheless, it is in the eastern
Pyrenees that the expansion of the Middle Neolithic culture is the best evidenced
with several records showing the onset of human impact between 4200 and 4000
cal. Bc. These records demonstrate a significant wave of human colonization of the
mountain area, which continued until around 3700-3600 cal. BC.

The expansion of agro-pastoral culture into the Pyrenean highlands is not unique
and is a part of a larger phenomenon which concerns all European mountain envi-
ronments (Walsh et al. 2007, 2008; Walsh and Richer 2006). During the Middle
Neolithic evidence of animal husbandry practiced in the mountains appeared.
Pastoral practices are clearly documented for this period in the Pyrenees by both
archaeological evidences and the occurrences of pollen from nitrophilous species
associated with grazing (ribgrass (Plantago lanceolata), common nettle (Urtica
dioica),common poppy (Chenopodium album), or sorrels (Rumex sp.)). Additionally,
shepherd’s huts dated to ca. 4200 cal. Bc and fossilized coprolites (ca. 3800 cal. BC)
including archaeozoological remains have been discovered above 2,000 m.a.s.l. in
the eastern Pyrenees (Rendu 2003) and in the cave site of Mikelauen-ziloa in the
Basque Country (Marembert 2000). They represent valuable evidence of pastoral
exploitation of the Pyrenees at the turn of the fifth and fourth millennia Bc. Whether
these were true pastoral practices is still debatable. It seems, however, that they
might have been associated with the beginnings of seasonal transhumance practices
from low to high altitude areas. If the above evidence will be confirmed by other
research, a hypothesis that the Middle Neolithic Period may represent the birth of
highland pastoral lifestyle of Pyrenean societies is worth pursuing. Time invest-
ments in building shepherds huts (Rendu 2003) and the regular use of caves to
shelter livestock might suggest a more sedentary way of life and not strictly nomadic,
as evidenced by ethnographic data.
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Based on the above evidence, we can state without much doubts that the period
4200-3700 cal. BC represents the first phase of territorial expansion of agro-
pastoral culture in the Pyrenees, but we must emphasize that this period is charac-
terized by minor human impact on the environment. Despite the fact that
palaeoecological data, more precisely macrocharcoal analysis, support the exis-
tence of slash-and-burn agriculture at that time (Galop et al. 2002; Rius et al.
2009) and also the expansion of livestock, analyses of pollen data also suggest
local deforestation and a rapid regeneration of the oak forest even in the subalpine
pine forest. Further observations concerning the economic sustainability of this
period suggest a decrease in agro-pastoral activities between 3700 and 3300 cal. Bc.
This retreat or abandonment of human agro-pastoral activities recorded during the
transition from the Middle and Late Neolithic (ca. 3300 cal. BC) correlated with a
climatic decline suggested by advances of the Pyrenean and Alpine glaciers
(Gellatly et al. 1992; Haas et al. 1998). This correlation reinforces the hypothesis
on the influence of climate variability on human activity and land-use in highland
zones (Berglund 2003; Bonsall et al. 2002; Gobet et al. 2003; Tinner et al. 2003;
Magny 2004; Galop 2005).

The phase of abandonment of agro-pastoral lifestyle (3700-3300 cal. BC) is fol-
lowed by another increase registered at ca. 3300 cal. Bc and visible in the majority
of pollen records over the Pyrenean chain. This second expansion of Neolithization,
also recorded elsewhere in Europe and the Mediterranean, represents a significant
cultural change. The palynological evidences of agricultural and grazing activities
of the time increased and became more regular. This indicates an intensification of
pastoral pressure in high altitudes, including the areas that had not been previously
exploited (Galop 1998, 2001). The increase of human activity related to land-use
during this period is confirmed by pollen data and fire events linked to shifting and
slash-and burn cultivation. Those activities have indeed considerably increased
from 3300 cal. BC in both the piedmont and at the timber line (Galop et al. 2002,
2003; Vanniere et al. 2001; Rius et al. 2009). In addition, by the end of the Neolithic
Period, geochemical analyses performed in several peat deposits show the first
inputs of lead deposition at ca. 2500 cal. Bc. Such deposition strongly suggests mining
and metallurgical activities, which are also responsible for an increase in woodland
exploitation for the production of charcoal (Galop and Jalut 1994; Galop et al. 2001;
Monna et al. 2004; Beyrie et al. 2003).

The Bronze Age: A Turning Point

Pollen data demonstrates the existence of two distinct phases of mountain popula-
tion growth, first in the beginning of the Bronze Age around 2000 Bc, and second
during the Bronze Age —Iron Age transition around 1000 Bc, (Carozza et al. 2005;
Galop et al. 2007; Carozza and Galop 2008). This population change is visible
synchronously in all the pollen records along the mountain chain revealing a
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regional-scale social process that took place 4,000 years ago. An increase of the
population density at this time is shown by the abundance of archaeological remains
of pastoral shelters recently discovered over 2,000 m.a.s.l. in the eastern and cen-
tral Pyrenees (Rendu 2003; Rendu et al. in press). The increase of human pressure
on woodlands is reflected in sedimentary record for this period. They show a rise
in fire events linked to land use changes (Rius et al. 2009), while geochemical data
from the Basque Country and the Ossau Valley stress an intensification of metal-
lurgical and/or mining activities.

During the Iron Age, pollen data indicates altitude-dependent trajectories of
human activities. From about 800 cal. Bc, pollen records from the uplands show
an abandonment phase that is not recorded at low altitudes. Conversely, there
seems to be a continuation of relatively stable human land-use pressure in low-
lands. This apparent lack of interest in upland areas remains difficult to explain.
One possibility might be climatic change as this abandonment phase corresponds
with a climatic deterioration around 850 BcC (van Geel et al. 1996, 1998; Galop
et al. 2007). But could climate change have forced the Pyrenean populations to
retreat to warmer areas as it has been shown for the northern Alps? The answering
of this question still awaits archaeological data. Also, socioeconomic and/or polit-
ical forces may have caused such abandonment. Without offering a definitive
answer to these questions, research conducted in the central Pyrenees seems to
demonstrate the existence of a short period around 850 cal. BC during which
weather conditions deteriorated. The degradation of the climate was significant
enough that increased snowfall and lower annual temperatures allowed the main-
tenance of large snowfields at 2,000 m.a.s.l. during summertime (Carozza and
Galop 2008). Such conditions would have certainly been a limiting factor to the
exploitation of highland pastures thereby forcing population to retreat to interme-
diate altitude areas where conditions would have been more favorable for live-
stock grazing.

From Ancient Lifestyles to the Construction
of Medieval Landscapes

Contrary to common claims that the culture change associated with the Roman
Period was a fundamental step in the construction of cultural landscapes, this period
does not represent a major phase in the environmental history of the Pyrenees.
Antiquity in general is marked by a resurgence of human activities and pollen
records clearly show a wide variety of historical trajectories. The environmental
changes recorded in pollen samples from the Pyrenees indicate significant local
deforestation probably driven by a socioecological pressure in which economic fac-
tors and pragmatism determined the approach in the management of natural
resources (Galop 2005). Export of natural resources to the growing urban centers
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evidenced by, for instance, the presence of timber-floating channels may have been
a factor limiting the exploitation of the arable land and pastures.

Late Antiquity and the Early Middle Ages unfairly regarded as periods of
cultural decline or abandonment in several parts of Europe present different
trends in the Pyrenees. Recent palynological studies have shown a rise of agro-
pastoral activities during those periods in the central Pyrenees. The existing evi-
dence suggest the colonization of new lands from the sixth century AD (Galop
2000) evidenced by an increase in fire events and deforestation in the altitudes
between 700 and 1,300 m.a.s.1. and the presence of shepherd huts at high altitude
(Rendu et al. in press).

The agro-pastoral expansion which begun in the sixth and seventh centuries
becomes even more pronounced between the ninth and the tenth centuries. Although
the signs of an explosion of agro-pastoral activities do not appear with the same
clarity in all records, acceleration in deforestation in all altitudes is certain. Severe
deforestations are caused by the establishment of pastoral monastic estates, the
increase of cultivated lands, and the massive development of metallurgical activities
supported by technological advances. In some cases this has led to the complete
eradication of forests as it has been demonstrated in Haut-Ari¢ége (Galop and Jalut
1994; Bonhote et al. 2002).

This intensification of the agro-sylvo-pastoral system—the origin of modern
Pyrenean landscapes —was slowed by a phase of depopulation in the fourteenth to
fifteenth centuries.' Palynological records showing reforestation reflect the effects
of the medieval crisis linked to the plague and military conflicts. However, a closer
examination of the data suggests that the consequences of this crisis were diverse in
the Pyrenees. For example, reforestation does not occur in the Valley of Aston and
in most of the metal-producing valleys of Haut-Ariege. Despite the existence of
serious social problems such as epidemics in these valleys the valuable economy of
metallurgical activities may have offset the negative effects, thus maintaining pres-
sure on the local forests.

Following this medieval crisis, the effect of economic and demographic
recoveries and new patterns of land-use are clearly detectable in the majority of
pollen records from the research area. This phase, especially the Industrial
Revolution, was responsible for significant deforestation which in some cases
led to an ecological crisis. It was during this final phase of human expansion that
Pyrenean agro-pastoral landscapes sustained the peak of human-induced pres-
sure on the local environment. Today, an unprecedented phase of land abandon-
ment initiated during the first half of the twentieth century has encouraged
processes of ecological degradation that will gradually erase the agro-pastoral
culture, but not its legacy recorded in the past.

'Editor’s note: possibly related to the Little Ice Age in Europe.
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