BIOGEOGRAPHIA - vol. XIX - 1997

(Pubblicato if 31 ottobre 1998)

Gli effetti delle variazioni climatiche pleistoceniche sulla dinamica
dei popolamenti animali e vegetali nella Penisola italiana

Quaternary vegetation landscapes in Piedmont
and in the Aosta Valley with particular reference
to the Holocene

ROSANNA CARAMIELLO, CONSOQLATA SINISCALCO
Dipartimento di Biologia Vegetale, Universita di Torino
viale Mattiol, 25 - 10125 Torino

Key words: Holocene, N-Italy, Palacobotany, Palynology, Quaternary, Vegertation, W-Alps.

SUMMARY

Reconstruction of some Piedmontese plant landscapes during the Quaternary is proposed on the bases of che
palaeobotanical dara on the Italian side of Western Alps and on the adjoining flatlands.

Studies starts with the informations that can be drawn from the Villafranchian typical deposits and the deposits
regarded as Villafranchian sensu lato: these data allow to reconstruction of thermophilous forests and of hydrophilous
herbaceous vegetation communities. Data are then referred to the progressive extinction of thermophilous elements
based both on palynological and on palaeocarpological data from Upper Pliocene to Lower and Middle Pleistocene and
to the beginning of the glaciations.

The literature is very poor with regard to the Middle Pleistocene and it is necessary to arrive to the Riss-Wiirm
interglacial to have data on vegetation with the presence of a mesophilous deciduous forest, characterised by an absence
of archaic entities.

Numerous plant landscapes are then proposed for the last interglacial and 1o the incerstadials, both at high and ac
low altitudes; some are referred to the old Penck and Bruckner nomenclature, some refer to a more recent division in
glacial peaks and interstadials.

Literature becomes very rich for the Post-Glacial, for which reconstruction of landscapes is possible and easier than
for the previous periods. Particular detail is so far dedicared to the last 13,000 years plant landscapes in Piedmont also
comparing our data to the other Central and Eastern Alps observations and to the migration of tree species.

Completion of the temporal panorama and quantitative and qualitative correlation of the vegetational data with the
changes in the climate will allow the formulation of hypotheses concerning its variations in the decades ahead.

Data on recent small temperature swings of the order of 1-1,5 °C have been correlated to relatively rapid altitudinal
oscillations of vegetation, especially of the timberline. The concepts of stability of plant communities may be madified
by reconsidering the extensive potential of rapid vegetational dynamism.

Reconstruction of Piedmontese plant landscapes during the Quaternary is
based on consultation of the palaeobotanical studies of the Italian side of the
Western Alps and the adjoining flatlands.

The geology of this sector has been the subject of numerous in-depth
investigations. Works on vegetation, on the other hand, have been sporadic and
frequently confined to specific points. Discussion of the results in the light of
the latest chronological knowledge is rare.



Years Divisions  Periods -
0 OLOCENE
10,000

Upper
132,000

Medium PLEISTOCENE
788,000

Lower
165,000
1,800,000

Upper
260,000

Medium PLIOCENE
360,000

Lower
5,400,000

Fig. 1 - Chronological table proposed by Richmond and Fullerton (1986) and by Rio et al. (1993).
(1) Pollowing Richmond and Fullerton, 1986; (2) Following Rio et al.,1993.

Palaeobotanical studies dealing with the Upper Pleistocene are quite numerous,
whereas much less has been written about its Lower and Middle periods. Most
publications are concerned with the Riss-Wiirm interglacial, corresponding to
the Eemian and the subsequent Wiirmian properly so called.

Palaeobotanical and particularly palynological studies of the Holocene are
more numerous and detailed. It is these that have been used in reconstruction
of post-glacial plant landscapes.

A critical feature is the definition of the time periods, since recent findings have
gone well beyond the presumed precision in the chronological divisions of the
Quaternary adopted in the past. In what follows, reference will be made to the
chronological table proposed by Richmond and Fullerton (1986) and Rio et al.

(1993). This is presented in its more concise form as “periods” and “epochs” (Fig. 1).

Most papers consulted still refer to the four classic “glaciations” proposed by
Penck and Bruckner in 1909, often accompanied by numbered datings. Work
published over the last twenty years, however, while continuing to refer to this
general pattern, has identified numerous glacial peaks and interstadials within
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each glaciation. Recent palaecobotanical papers illustrate the presence of vegetation
cycles interpreted as sequences of glacial and interglacial fluctuations (Ravazzi and
Strick, 1995) that cannot be directly related to the classic glacial chronology.

Recent international studies of the geology of the Quaternary (e.g. Billard and
Orombelli, 1986; Dansgaard et al., 1993; Johnsen et al., 1995) have proposed
as many as 10 to 15 glacial peaks of varying duration and intensity, each of which
has been tentatively assigned to divisions of the Quaternary mainly founded on
palacomagnetic data.

Despite these recent acquisitions, in this paper, which is based on bibliographical
data, the terminology used by each author is maintained. Whenever possible,
reference is made to the numerical datings in Fig. 1.

Studies relating to Piedmont start with the information that can be drawn
from the Villafranchian deposits. These have been critically reviewed in their
entirety and the results were presented at a congress in 1994 (Carraro et al.,
1996). This review covered both the “Villafranca d’Asti” Villafranchian typical
deposits and deposits regarded as Villafranchian sezsu lazo. The most significant
part of the Villafranchian type zone (e.g. the RDB quarry) corresponds to the
Middle Pleistocene according to Bertoldi (1996). Its landscape as reconstructed
from the pollen data corresponds to a thermophilous forest with typical marsh
vegetation, with Taxodium and Glyptostrobus, rogether with Carya, Prerocarya,
Ulmaceae, etc., and hydrophilous and hygrophilous herbaceous plants. The
botanical evidence is in keeping with the results of studies of mammal remains
and the palacomagnetic data (Ambrosetti et al., 1996).

The same stratigraphic sequence has yielded other floristic complexes referable
to a dry, flatland forest (Platycarya, Liguidambar, Liriodendron, Palmae). Traces of
submontane and montane landscapes with Picea, Abies, Betula and Fagus are also
present.

This succession of plant landscapes can be assigned to the Pre-Tiberian phase
(2,500,000-2,400,000 B.P.).

In the same monographic review (Caramiello and Siniscalco, 1996) sediments
forming the so-called “Upper Complex” are examined. This is also part of the
Villafranchian type area and rests on the previous sequence via an erosion surface.
These sediments have yielded very few pollens and their interpretation leaves many
questions unanswered. The specimens examined have none the less shown the
presence of an autochthonous flora already very poor in Tertiary plants. There
remain solely traces of Taxodiacae, and of Cazrya and Tsuga, the latter being regarded
by some workers as an ancient Quaternary element (Paganelli, 1961; Lona and
Bertoldi, 1972). The other finds point to a deciduous mixed oak landscape.

The floristic groupings identified in the light of many other surveys conducted
outside the type area and outside Piedmont (Caramiello et al., 1996), are regarded
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Fig. 2 - Distribution of Saxifraga florulenta in Piedmont.

as vegetationally, environmentally and stratigraphically significant by Bertoldi (1990)
and Martinetto (1995). They have been assigned to later periods up to the Lower
Pleistocene (Caramiello et al., 1996). The Plio-Pleistocene boundary (1,750,000
B.P.) is represented by the last palynological traces of Tertiary plants in the process
of extinction, including Taxodiaceae (Sciadopyitss, Sequoia), Myrica, Celastraceae,
Actinidia, Palmae, Magnoliaceae p.p., and Gingkoinae. Further indications stem
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from the palaeocarpological entities, such as Nyssa disseminata, Sequoia abietina and
Styrax maximus.

Another floristic grouping with Tertiary elements became extinct during the first
part of the Lower Pleistocene (more than 1,500,000 B.P.). It consisted of Carya,
EngelhardtialPlatycarya, Pinus aploxylon s.s. type, Juglans bergomensis, Podocarpus,
Dacridium, etc.

A set of common Pliocene-Lower Pleistocene elements (Carya, Juglans, Cedrus,
Tsuga and Pseudorsuga) became extinct less than a million years ago.

This picture of the plant landscapes referable to the Lower Pleistocene precedes
the start of the glacial period. In this long time span, there is an evident floristic
impoverishment primarily brought about by the deterioration in the climate that
culminated with the first true glaciation around 800,000 B.P. according to
Orombelli, just prior to the end of the Matuyama epoch.

Floristic impoverishment is most evident in the Middle Pleistocene during the
repeated glacial peaks that involved the whole of the Alps. In the Western Alps in
particular, there was a discontinuous cover, probably during all the glaciations, with
ice sheets decreasing in area from East to West and from North to South, with a
minimum in the Maritime Alps. In the less glaciated geographical zones, there is
current evidence of the refuge areas of Tertiary plants, which can be interpreted as
both palaco-endemisms (Berardia subacaulis, Saxifraga florulenta (Fig. 2), Primula
allionii, Campanula alpestris, etc.) and neo-endemisms (Brassica richeri, etc.). The
existence of refuge areas with particularly favourable microclimatic characteristics
has enabled numerous stenomediterranean species to survive to this day in
Piedmont and the Aosta Valley in stations regarded as “xerothermal oases”, mainly
found in the Susa Valley and the Aosta Valley (Fig. 3).

A paper published by Montacchini and Caramiello (1969) listed 52 steno-
mediterranean entities in the Susa Valley on the orographic south-facing slope in
the area of Chianocco, Foresto and Susa. There are also small, non-valley areas
(Musiné, Monte San Giorgio di Piossasco) with Mediterranean elements (Quercus
ilex, Cistus salvifolius, Notholaena maranthae, Serapias vomeracea, etc.) in a zone
geographically definable as pre-alpine.

These isolated stations cannot be attributed to post-glacial recolonisation,
since they are too far distant from the present distribution of the species. They
are very probably a record of the Middle Pleistocene plant landscape marked by
discontinuities heavily influenced by both morphological and microclimatic
factors.

The literature is virtually silent with regard to the Middle Pleistocene in
Piedmont. There is solely a paper by Charrier (1990) describing the apparent
survival of some Tertiary elements (7suga, Cedrus, Carya, Prerocarya, Zelkova,
etc.) until the end of the Gunz-Mindel interglacial (lower part of the Middle
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Fig. 3 - Xerothermal oases (dark poinss) in the Western Alps (from Montacchini, 1992) (light poines: Iraly).

Pleistocene: 800-600,000 yr B.P.) in the Susa Valley. This ancient landscape is
thought to have alternated with a cold-temperate forest vegetation composed of
Quercus t. caducifolia, Abies, Tilia, Ulmus and Salix.

The same paper suggests that during the lower and middle periods of the
Middle Pleistocene (600-135,000 B.P.) there were several glacial peaks that
would explain the disappearance of these Tertiary elements and the diffusion of
cold-temperate vegetational types.

A study of the Rio Garosso district near Rivalta conducted by Charrier and
Peretti (1972), in fact, identified a forest landscape with dominant mesophilous
deciduous species (Alnus, Corylus, Capinus t. orientalis, Ulmus, Fraxinus) and an
absence of archaic entities. This is attributed to the Riss-Wiirm interglacial on
account of its similarity with the coaeval Austrian loess area vegetation described
by Frenzel (1964), and called the “Carpinus vegetation”.

Another landscape referred to the Riss-Wiirm interglacial is that of Re in Val
Vigezzo, whose macrofossils and pollen have been described by many workers,
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such as Sordelli (1883, 1886), Benassi (1896), Corti (1895), Craveri (1912),
Novarese (1927), Gianotti (1950), Lona (1952) and Betolani-Marchetti (1955),
and again by Sidler and Hantke (1993).

The sum of the studies made of an approximately 12-metre profile resting on
a “Rissian” moraine has revealed a landscape that changed upwards from a closed
wood of conifers to a mixed oak forest with dominant Pinus, Quercus and Ulmus,
later enriched with Abies, Picea and Corylus. At the upper limit of the sequence,
these entities are joined by Abies alba, A. nordmanniana and Tilia.

This assemblage is a significant fragment from the Riss-Wiirm interglacial.
Despite the absence of its initial and final stages, there is an evident trend from a
colder, dry period to one that was humid enough to allow the expansion of 77/a.

Sporadic macrofossil and palynological surveys have been made of Hedera, Buxus
sempervirens, llex aquifolium, whose sequence at Les Echet in France has indicated
them as typical of the warm Middle Eemian (de Beaulieu and Reille, 1984). It is
thought that the last two archaic relicts, Abies nordmanniana and Castanea latifolia,
did not disappear until the Wiirm Glaciation (about 125-18,000 B.P.) (Paganell,
1961).

The presence of these two species and Rhododendron ponticum (=R. sordellii) is
evidence of the Southern Pontic (Colchic) nature of Val Vigezzo’s Eemian flora.

During the Wiirm interstadials, the flora became progressively more similar to
that found in Piedmont today. The data reported for these periods can be used in
the tentative reconstruction of certain plant landscapes at various altitudes.

Both Charrier and Peretti (1977) and Tropeano and Cerchio (1984) examined
some peat deposits discovered during the working of a quarry at about 200 ma.s.
in the Moncalieri-Carignano area of the Po flatlands to the south of Turin. These
peats are from 8 to 10 metres thick and date to about 30,000 B.P. They would
thus be assignable to the Wiirm 3 glaciation peak. This was the period of the large
mammals Elephas primigenius and Megaceros giganteus. The dominant tree species
are Pinus sylvestris, P. montana, P. cembra, Betula t. nana and Alnus t. viridis. The
herbaceous plants are represented by Gramineae, Artemisia, other Compositae,
Polygonum t. bistorta and Selaginella selaginoides.

The pollen data indicate a subarctic vegetation similar to that of present-day
Alpine peatbogs about 1,800-2,000 m a.s.l. The surrounding vegetation was
mostly composed of cold steppe with occasional pine and birch woods.

Pollen sampling at Alice Superiore (about 600 m a.s.l.) in the Ivrea morainic
amphitheatre by Arobba et al. (1996) has revealed a forest vegetation with dominant
Quercus, plus Fagus, Betula, Picea, Carpinus, Abies and Tilia. Radiocarbon dating
has given a conventional age of more than 43,000 years, which places the deposit
in a Last-Wiirm interstadial (according to the scheme of Dansgaard et al., 1993),
but does not provide more precise information.
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Fig. 4 - Sites in Piedmont and the Aosta Valley that have formed the subject of Post-glacial palynological studies (from
Caramiello et al., 1996). The site investigated by Brugiapaglia (1996) is marked with an *; points refer to plain or pre-
alpine areas. Stars refer to alpine areas.

The third landscape which can be broadly reconstructed is that of the highland
level at Entracque (894 m a.s.l.) in Val Gesso. The very uniform sediment core
taken by Charrier (1970) contained very little pollen. Pinus (probably P. sylvestris)
was dominant, accompanied by Gramineae, Cyperacaeae and Chenopodiaceae.
This formation is dated to about 50,000 B.P. and illustrates the extreme floristic
and vegetational poverty of the area.
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The thermal minimum of the Last Wiirm glaciation, which culminated about
20,000 B.P., may be supposed to have resulted in the maximum floristic
impoverishment of many parts of the Alps. This landscape formed the starting
point for the recolonisation typical of the Post-Glacial period (13,000 B.P.). The
sites studied with regard to this period in Piedmont, and the Aosta Valley are
shown in the map in Fig. 4.

The few numerical datings determined so far allow only a partial reconstruction
of the chronology. Further information concerning the Aosta Valley can be found
in the paper by Brugiapaglia in this volume.

Schneider’s review (1985) of the palynological literature relating to the history
of the Alpine vegetation from Turin to Trieste in the last 15,000 years showed
that fewer data had been collected for the western as opposed to the eastern
sector, especially for the 800-1,700 m altitude belt.

Subsequent studies have not remedied this shortage of data. For the areas in
which surveys have been conducted, reconstruction of the post-glacial environment
is easier than that of the previous interglacials and interstadials, not only because
the landscapes become increasingly similar to those of today, but also because the
numerous pollen diagrams drawn for many zones throughout the whole of Europe
illustrate the migration pathways of many arboreal and herbaceous entities.
Furthermore, a fairly complete knowledge of the changes in the climate that have
taken place since the last glaciation has been built up from protohistorical and
historical as well as palynological data.

The Older Dryas (to 13,300 yr B.P.) and the Bolling (13,300 to 12,400 B.P.)

In the western Po Valley, as in parts of Central Europe, the late-glacial phase
was marked by tundra and the dominance of non-arboreal species, such as
Artemisia, Rumex and Chenopodiaceae. This was followed by a period with thin
birch woods, together with Larix and Pinus (the Bolling phase). Schneider’s data
do not allow differentiation of the cool Older Dryas oscillation from the
subsequent Bélling in the Western Alps. Between 1,000 and 1,500 m, Juniperus,
Pinus (P. sylvestris and P. mugo) and Betula species were dominant, accompanied
by Salix and Ephedra. Larix was present between Ivrea and Turin in the Bélling
(Schneider, 1978) and it has thus been supposed that refuge areas were preserved,
as reported for the period 15-14,000 B.P. near Lake Garda.

In relation to Artemisia “cold steppe”, which was present in this and in other
moments, determination of the species of this genus would be interesting in the
light of detailed morphometric data (Caramiello et al., 1980). Unpublished data
obtained by Caramiello et al. from the sphagnum moss layer of an Alpine peatbog
has shown a great abundance of recently deposited Artemisia grains (30-40%),
whereas the area itself and its immediate vicinity carry only a few Artemisia
campestris and A. glacialis plants.
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Middle Dryas (12,400-11,900) and Allersd phase (11,900-10,800)

Schneider’s data also show that plant landscapes composed of Pirnus and Betula
woods can be reconstructed for low altitudes, and that mixed oak and other
broad-leaved (77lia, Ulmus, Corylus) woods appeared in the Allersd. This mixed
oak or oak-hornbeam complex points to a better environment and wide diffusion
of numerous forest species. It was to dominate the plant landscape at low and
medium altitudes in Piedmont from this period onwards. The pollen data are
unable to provide a precise reconstruction of the types of mixed woods in
different places and at different times, one reason being the present absence of
undisturbed woods which could serve as a reference.

At higher levels, the situation is the same as in the previous phase. The few
data available indicate the presence of conifer woods with dominant Larix and
Pinus.

Recent Dryas (10,800-10,300 B.P.)

This very short period is marked by the last evident post-glacial deterioration
in the climate capable of appreciably thinning out the woods, coupled with an
increase in non-arboreal pollen granules, such as those of Artemisia and
Chenopodiaceae, which provide evidence of a cold, dry climate. At the end of
this period, the complete pollen curve for the mixed oak forest rises and remains
constant until the Sub-Boreal and Sub-Adantic phases, in other words until the
woods began to be altered by human activities. At altitudes of more than 700-
800 metres, Abies alba appears in the company of other conifers, though with
very low and discontinuous values. Its migration from the Central Alps and their
forelands to the Western Alps is well documented (Schneider, 1978), though its
appearance as early as the Allerdd in the Viverone pollen diagram and from the
Younger Dryas in those for Alice, Avigliana and Trana suggests that it may not
have migrated, but remained in refuge oases in the pre-Alpine foothills of N'W
Piedmont.

Pre-Boreal (10,300-8,900 B.P.)

The fladands and hills up to 500-600 m were occupied by a mixed-oak forest
with Quercus, Ubmus, Tilia, Acer and Fraxinus. Higher up, there were Pinus and
then Abies alba woods. Abies alba became dominant in many areas between 1,000
and 1,500 m from about 9,500 B.P. (Schneider, 1985). At the end of the Pre-
Boreal, Picea excelsa arrived from the East and established itself in the foothills of
Eastern Piedmont, at low altitudes at first, and then in the higher belts with Larix

(Charrier, 1970).
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This period has provided the first data for the vegetation at high altitudes
following the recent disappearance of the ice sheets. The pollen record for the
Rutor peatbog (Burga, 1991), shows a periglacial landscape composed of
Artemisia, Rumex, Alnus, Betulg and Gramineae.

The Pre-Boreal was also marked by the Piottino cold oscillation, which lowered
the timberline.

The Pre-Boreal-Boreal boundary cannot be readily identified owing to the
constant Corylus pollen values. The increase recorded in some other areas, however,
is regarded as a yardstick.

Boreal (8,900-7,500 B.P.)

Woods now occupy more extensive areas. Mixed oak forests in the lowlands
are followed by conifer woods with Pinus sylvestris, Pinus cembra, Abies alba and
Picea excelsa at higher altitudes. Both Abies alba and Picea excelsa increase
compared with the previous period. The paucity of data for the 1,000-1,800 m
belt makes it impossible to reconstruct the plant landscapes. One can only suppose
from the high-altitude pollen diagrams relating to the present alpine belt that
there were woods composed of the forest species just mentioned. Above the
timberline, in the Rutor peatbog, for example, there is evidence of Ericaceae
formations in the company of Abies, Betula and Pinus (Burga, 1991). Abies
expanded earlier than Picea in this bog and also in the Ghighel bog (Braggio
Morucchio et al., 1993), as asserted by Keller (1935) and Charrier and Peretti
(1972) for the Western Alps in general, whereas in the Valtellina Picea seems to
have spread earlier (Bertolani Marchetti, 1975). In some Western Piedmont
valleys, the expansion of Picea was very limited. One example is the Gimont
Valley, where Pinus cembra was dominant at high altitudes up to the timberline
(Charrier and Peretti, 1978-79).

Older Atlantic (7,500-6,000 B.P.)

This period is marked at all levels by a rise in temperature and attainment of
the post-glacial climate optimum. The main evidence is provided by an upward
shift of all the arboreal formations, and an advance of the timberline to as high
as 2,500-2,600 m on the more favourable slopes according to some authors
(Burga, 1991) with Larix, Pinus cembra.and Picea excelsa. The Rutor peatbog
(2,500 m) records the appearance of high percentages of Abies alba and Tilia
grains, though it may be assumed that they grew lower down, but still high
enough for their pollen to be transported to the bog. At present, however, there
are no 77lia nor Abies species in the valley below the bog. The rise in the
timberline is estimated at about 500 metres above the present level by Armando
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and Charrier (1985), though the 300-400 m proposed by Burga (1991) seems
more likely. This increase would correspond to a mean annual temperature
2-3 °C higher than today. According to Porter and Orombelli (1985), this warm
phase lasted about 2,400 years (8,400 to 6,000 B.P.) and coincided with the first
clear and general evidence of human felling. The mixed oalk forest continued to
occupy the flatlands and hills, whereas the uplands were occupied by conifer
woods with an increased presence of Alnus and of Picea excelsa at higher levels.
Throughout the Atlantic, extensive, compact fir and spruce woods, sometimes
mixed with 77fia, Acer, Quercus or other conifers, such as Larix, Pinus montana
and P. cembra, depending on the altitude, must have covered most of Piedmont.
It was in the Older Adantic, indeed, that Fagus sylvatica appeared. This species
migrated towards SE Europe during the glaciations and eventually became an
increasingly substantial component of upland woods. Above the tree line alpine
pastures and shrubs were dominant with xerophilous species indicative of dry

episodes (Charrier and Peretti, 1975).

Younger Atlantic (6,000-4,700 B.P.)

From the end of the Older Atlantic to about 5,000 B.P., there was a sharp fall
in temperature and a probable retreat of the timberline. The pollen spectra for
the lower levels disclose an increase in the percentage of Alnus, which becomes
abundant everywhere alongside the mixed oak forest. In the uplands, 7axus,
Carpinus and Ostrya increased, as is plainly shown near Lake Ganna (Schneider
and Tobolski, 1983, 1985).

Fagus sylvatica becomes dominant in the Adantic belt and pollen grains are
also present in high-altitude sediments (e.g. in Val Formazza: Braggio Moruc-
chio et al., 1993). At still higher levels, the vegetation was the same as in the
Older Adantic, though there were probably downward shifts caused by the drop
in temperature. Clear and widespread traces of human activity appear in the
pollen diagrams for the Younger Atlantic (Caramiello etal., 1996). Cereal pollen
grains are found on 60% of the sites and there is an increase in the number of
clearings due to pasture.

True farming began to spread in Piedmont between 6,000 and 5,000 B.P.,
probably in favourable conditions such as those presented by the mouths of the
Alpine valleys, where substantial settlements and evidence of the square-mouthed
pot (vasi a bocca quadrata) and the Lagozza cultures have been found. The
beginning of cropping and the spread of agriculture had such a pronounced
influence on the vegetation from now onwards that it becomes more difficulr to
say whether its changes were the result of differences in the climate or not. The
establishment of new cultivation practices can presumably be attributed ro the
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migration of peoples from South to East. The newcomers altered the land use
by substituting their practices for those of the previous inhabitants, who were

gradually relegated to less favourable areas, as has been shown in numerous
studies of the genetics of human populations (Cavalli Sforza, 1986; Fedele, 1981,
1985, 1990).

Sub-Boreal (5,000-2,500 B.P.)

The main feature of this period is quicker and more intense climate
oscillations. It begins, in fact, with a warm oscillation followed by a hot-arid
oscillation that moved the conifers upwards and expanded the Larix, Pinus
cembra and Pinus uncinata-woods. This in turn gave way to a cooler, damp period
during which Fagus expanded (3,000-2,500 B.P.: Charrier, 1975). Charrier
(1990) is of the opinion that there was a dry period from 3,600 to 3,000 B.P.
(maximum between 3,300 and 3,200), followed by rapid cooling, as shown by
an increase in Abies and Fagus even in the lowlands.

Human impact on vegetation became more and more evident. Shrinkage of
the mixed oak forest grains due to felling in the same lowlands is accompanied
by increases in the percentages of cereal, ruderal and weed pollen grains, together
with those of Vitis, Juglans and Castanea.

The increase in Juglans is earlier than that of Castanea, which begins towards
the end of the Sub-Boreal and proceeds through Roman and Medieval times in
most of the pre-alpine uplands and the hills, and partly at higher altitudes.

Sub-Atlantic (since 2,500 B.P.)

The cold period at the start of this phase lasted until about 2,100 B.P. It was
followed by a warmer climate recorded in the Roman period, reported by various
Roman historians and by a wealth of vegetational evidence.

In the lowlands, there was a widespread replacement of mixed oak forests by
chestnut plantations, especially in the pre-alpine foothills. Juglans and Castanea
pollen grains were also transported to alpine peatbogs (Arobba and Imperiale,
1981; Braggio Morucchio et al., 1993).

Detailed evidence of the works of Roman farmers and the species they
cultivated is everywhere available up to about the 1,000 m level, especially from
palynological and carpological studies of archaeological sites (Arobba and
Caramiello, 1998; Caramiello and Potenza, 1998).

The oscillations during the Roman epoch, the Middle Ages and the so-called
“Little Ice Age” are also recorded in many Piedmontese sites by pollen data
agreeing with the historical evidence.
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CONCLUSIONS

As mentioned at the outset, there is a lack of palaeobotanical data for the
Western Alps, and especially for their uplands, during the Middle Pleistocene.
This suggests the need for closer cooperation with geologists to allow more
stratigraphic sequences reconstructed by coring to be used in reconstructions of
palaeo-environments.

Completion of the temporal panorama and quantitative and qualitative
correlation of the vegetational data with the changes in the climate will allow the
formulation of hypotheses concerning its variations in the decades ahead. Since
the presence of some species in pollen sediments is indicative of particular
environmental conditions, reconstruction of the climate enables the physiognomy
of future vegetation to be predicted with a certain degree of accuracy. This is
particularly true when darta for the Post-Glacial are used, since this is a recent
period during which the plant species have maintained the genetic conditions
responsible for their remarkable autoecological stability.

Relatively small temperature swings of the order of 1-1.5 °C repeated during
the course of one or two human generations have themselves been the cause of
detactable alticudinal oscillations, especially of the timberline (Mercalli, 1996).

On the basis of these observations, the concept of stability of vegetational types
may be modified by considering the extensive potential of their rapid dynamism.
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