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and makes the Dunarobba palaeoflora very
rich of palaeovegetational and palaeocli-
matic information, despite its still uncertain
age.

The macrofossil plants of the
Pietrafitta site are not exceptional for their
preservation state, but for the context in
which they were found, being associated to
a rich vertebrate palaeofauna. The diversity
of the aquatic palaeoflora is remarkable,
and a few species (Aldrovanda cf. zussii,
Potamogeton pannosus) are documented
here for the first time in Italy. Further stud-
ies would be needed to assess their rele-
vance in biogeography as well as biochro-
nology.

The common feature of the two stud-
ied localities is the occurrence of autochtho-
nous fruit and seed assemblages both in
Dunarobba (in 3 sections and several lay-
ers) and in Pietrafitta, whose analysis can
throw light on the floristic composition of the
local vegetation of these waterlogged pa-
laeoenvironments. The reconstruction of
extralocal vegetation and climate changes
are provided by the integration of pollen
data.

Sciadopitys

7.1 Local palaeovegetation

Studies on autochthonous fruit and
seed assemblages in modern lakes and
mires (Birks, 1973; Collinson, 1983; Grea-
trex, 1983; Dunwiddie, 1987; Spicer & Wolfe, 1987;
Thomasson, 1991; Dieffenbacher Krall & Halteman,
2000) showed that a high-medium frequency of certain
species, and their occurrence in several samples of the
same deposit, usually indicates their participation in the
local palaeovegetation.

In the samples of lignite and muddy sediments of
the Dunarobba Lignite and Forest sections, fruit and
seed assemblages show a scanty representation of
plants from well-drained substrates, and the hydro-
phytes are almost completely absent, except for spo-
radic fruits of Potamogeton. These probably underwent
a short transport, coming from slightly deeper areas. In
consideration of the generalised dominance of the hy-
grophilous plants we can conclude that the palaeoenvi-
ronmental context was probably characterised by large
areas covered by wetland vegetation, and the closest
mesic communities were growing at least several hun-
dred meters apart (Basilici, 1992, p. 80).

The large floristic similarity of the DF1-6 plus DL1
(Lignite and Forest sections) and DC3 (DC Section)
assemblages (Tab. 1) proves that the same type of pa-
laeoflora existed during the sedimentation of the DC
Section and of the succession embedding the Dunar-
obba Fossil Forest trunks. Both in the DF1-6 plus DL1
and in the DC3 ancient plant communities, the following
woody elements had to be present: Alnus sp., Cepha-
lanthus dorofeevi, Cornus aff. amomum and Glyptostro-
bus europaeus. Among the herbaceous forms, Carex
pseudocyperus was important only in certain areas and/
or phases of development of the Forest Section, while
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Fig. 25 - Pollen diagram published by Lona & Bertoldi (1972) based on the study of
a succession drilled in the 1960s in the Pietrafitta site. Seven pollen zones were
distinguished (A-G). P.N.A. = non-arboreal plants.

Cladium paleomariscus and Schoenoplectus isole-
pioides occurred in both the Forest Section and the DC3
palaesocommunities. The latter species would participate
to the herbaceous layer of swamp forests, and/or form a
distinct sedge palaeocommunity. Among the aquatic
taxa, Potamogeton fruits occur in both the Forest Sec-
tion and DC Section assemblages, and in this last sec-
tion it is represented also by pollen. The nearest living
relatives (NLRs) of the aforementioned species (Alnus
spp., Cephalanthus occidentalis, Cornus amomum,
Cladium mariscus, Schoenoplectus spp.) correspond to
typical plants of waterlogged environments. The pollen
spectra of the part of the Forest Section which contains
the trunks are very rich in Taxodium type pollen, which
confirms the result of wood analysis as for the domi-
nance of a Taxodioid plant in the local swamp forest.
For a more accurate determination of the dominant
Taxodioid species in the DF, it useful to point out that all
the samples with autochthonous/parauthochtonous re-
mains contained seeds and cones of a single species,
Glyptostrobus europaeus. Two other species of Taxodi-
oidaeae (Cryptomeria rhenana in DC1a-b and Sequoia
abietina in DC2) appear only in allochthonous assem-
blages and would therefore originate from the extra-
local palaeovegetation. Therefore, the hypothesis
(Martinetto, 1994; Basilici, 2008) that the in situ stumps
and logs belong to the "Glyptostrobus europaeus whole
plant" (Vassio et al., 2008) takes on greater support.
Yet, the wood-anatomical assignment of the large Du-
narobba trunks to Taxodioxylon gypsaceum (Biondi &
Brugiapaglia, 1991) is problematic, because the wood of
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the "Glyptostrobus europaeus whole plant" should be
assigned to the wood morphospecies Glyptostroboxylon
rudolphii Dolezych et Van der Burgh (see Teodoridis &
Sakala, 2008). In view of the recent description of this
last morphospecies (Dolezych & Van der Burgh, 2004),
we suggest that a revision of the wood anatomy of the
Dunarobba trunks is badly needed.

We consider the evidence provided by shoots,
cones and seeds (Tab. 1) as sufficient to reconstruct
extensive Glyptostrobus swamp forests in the Dunar-
obba site, at the margin of the ancient Tiberino lake
(Fig. 26). Even the deposition of the lignite layer DC3 of
the DC Section (Fig. 7), despite not having observed the
presence of in situ trees, can be traced back to a mar-
ginal area of a Glyptostrobus swamp forest, due to the
abundance of macroremains of this plant which has
been detected in the bulk sediment sample (Tab. 2).

Fossil forests dominated by Glyptostrobus eu-
ropaeus are known from other Pliocene sites of ltaly,
e.g. the above-mentioned Stura di Lanzo Fossil Forest,
and an Upper Valdarno site (Le Matole) in Tuscany
(Martinetto, unpublished data). The record of such for-
ests is probably also reflected in some pollen diagrams
showing a high percentage of Taxodium type (also in-
cluding Glyptostrobus), such as the Zanclean and early
Piacenzian diagram of the Stirone Section (Bertini,
2003) and the Piacenzian diagram of the Upper Val-
darno Basin (Santa Barbara section: Bertini, 2013). The
Taxodium type occurs, with progressively reduced per-
centages, also in some Early Pleistocene sections of
northern Italy, e.g. the Leffe Section (Ravazzi & Ros-
signol Strick 1995) and the Lamone Section (Fusco,
2007).

At Pietrafitta, two plant macrofossil assemblages
document freshwater macrophyte palaeocommunities
with relevant similarities to the ones of modern Italian
lakes (Tab. 3). Nevertheless, the detailed morphological
analysis of fossil fruits and seeds allows us to recognize
precise morphospecies (e.g.: Cyperus glometratoides,
Decodon globosus, Nymphaea borysthenica), which
most probably represent extinct plants (Velichkevich &
Zastawniak, 2003, 2006).

Plant assemblages with this same species asso-
ciation are known in Eastern Europe (Velichkevich &
Zastawniak, 2003, 2006), and similarities can be found
also in a palaeoflora described from NE lItaly (Martinetto
et al,, 2012), because of a characteristic association
between taxa of Miocene origin (Decodon globosus),
the rare Pliocene-Pleistocene element Nymphaea
borysthenica, and the "younger" ones (possibly post-
Piacenzian immigrants) Carex cf. elata and Cyperus
glometratoides. Another very similar palaeofloral asso-
ciation has been detected in the "Trapa layer" flora of
Buronzo, in NW ltaly, interpreted as Gelasian
(Martinetto, 1999; Martinetto & Festa, 2013); on the
other hand we cannot cite any assemblage with the
same characteristics in central and western Europe.

As discussed above, studies on modern fruits and
seeds in bottom sediments of lakes and ponds showed
that the composition of the assemblages reflects rather
faithfully the local vegetation (within a few tens of me-
tres), and the record of the regional vegetation is scanty.
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Fig. 26 - Reconstruction of the sedimentary context and plant
cover at the ancient lacustrine margin of Dunarobba.

This explains the dominance of fruits and seeds of
aquatic plants in the Pietrafitta assemblages, which
would reflect the floristic composition of the local plant
communities growing in the ancient lake. The diaspores
of submerged (Aldrovanda, Ceratophyllum, Myriophyl-
lum, Najas, Stratiotes), rooted (Nymphaea, Potamoge-
ton, Trapa) or free-floating (Azolla) macrophytes are
dominant in the Pietrafitta sediments, but some emer-
gent aquatic plants (helophytes, such as Cyperus, De-
codon and Typha) are also not rare. Two plants
(Nymphaea, Najas) require at least 1 m deep water in a
standing-water environment. The non-aquatic plants are
represented by a few taxa which produce wind- or ani-
mal- transported fruits (e.g. Vitis sp.), whose findings
are rare and do not contribute to the reconstruction of
the ancient mesic vegetation, growing around the depo-
sitional basin, which is documented by the pollen as-
semblages.

As a whole, these freshwater macrophytes permit
to accurately characterize the ancient vegetation of the
two analysed layers of the Pietrafitta lacustrine basin
(PF1, PF2), that show minor floral differences (Tab. 3).
The carpological remains found in each layer allow us to
recontruct at least tre belts ot lake margin vegetation: a
shallow-water belt with Carex, Decodon and Typha (with
the addition of Cladium, Cyperus, Ranunculus and
Schoenoplectus for PF1, and Urtica for PF2), an inter-
mediate belt with Aldrovanda, Azolla, Ceratophyllum
and Oenanthe (with the addition of Myriophyllum, Pota-
mogeton, Salvinia and Stratiotes for PF1), and a deeper
-water belt with Najas and Nymphaea (and possibly
Myriophyllum, Potamogeton, Stratiotes and Trapa for
PF1).

7.2. Extralocal palaeovegetation and palaeoclimate
As for Dunarobba, the macrofloral record of the
extralocal vegetation is mainly provided by pollen as-
semblages from both DC and Forest sections, accom-
panyied by rare fruits and seeds of the Forest Section,
and by much more abundant ones from the DC1-2 lay-
ers of the DC Section, with transported (allochthonous)
plant assemblages. As discussed above, the carpologi-
cal assemblages of the DC1-2 layers and of the studied
layers of the Forest Section show a high floristic similar-
ity (Tab. 1), and most probably reflect the same phase



60

of vegetation development, so we will discuss together
their record.

At the present state of knowledge the concomitant
record of pollen and carpoflora is not yet rich enough to
propose the reconstruction of vegetation transects as in
Bertini & Martinetto (2011). A useful information to de-
fine the features of the extralocal vegetation is provided
by the reconstructed habit of the mesic elements: both
in the Forest Section and DC Section plant assem-
blages (Tabs. 1, 2) they mostly belong to woody plants,
in particular trees. This means that the zonal vegetation
was a forest, and there is no evidence of herbaceous
formations of regional importance. Only in the hygrophi-
lous palaeocommunities the herbaceous plants were
important and diversified.

From the biogeographical point of view, many of
the genera found in the Dunarobba sections are cur-
rently confined to East Asian Regions: Cathaya, Cryp-
tomeria, Glyptostrobus, Pterocarya (also West Asia),
Sabia, and Sinomenium. On the contrary, the genera
exclusively growing in North America are Cephalanthus,
Decodon, Proserpinaca and Sequoia. The remaining
exotic genera have today a palaeotropical (Sabia and
Toddalia), pantropical (Cyclea, Eurya, Ficus, Magnolia,
Meliosma, Saurauia) or disjunct Asian-American distri-
bution (Alangium, Chamaecypatris, Liriodendron, Sassa-
fras, Symplocos, Zanthoxylum).

The modern vegetation of some East Asian re-
gions shows a closer affinity to the Dunarobba pa-
laeofloras and is used as a model, also for the climatic
interpretation (as in Gregor et al., 1989). From the floris-
tic point of view, the association of the genera Ampelop-
sis, Cryptomeria, Magnolia, Sinomenium, Styrax and
Symplocos allows us to establish a link between the
Dunarobba palaeofloras and the modern "Mixed Meso-
phytic Forest" of Japan (Mai & Walther, 1988), but also
of China (Wang, 1961). On this basis, we can tentatively
reconstruct a Mixed Mesophytic Forest vegetation type,
sensu Wang (1961) and Wolfe (1971), i.e. a prevalently
deciduous forest with high species diversity, growing
within the warm temperate Cfa climatic zone (Kottek et
al., 2006).

More in detail, the presence of such humid
"subtropical" elements (Zagwijin, 1990) as Cyclea (DR1,
DC1a), Ficus, Eurya (DC1a-b), Meliosma canavesana
(DC1b), Symplocos casparyi (DC1a-b) and Toddalia
(DC1a-b, DC3, DC4) would indicate a type of "Mixed
Mesophytic Forest" similar to that growing today close to
the transition to the "Evergreen Broad-leaved Forest",
which is richer in evergreen trees (Hou, 1983). Marti-
netto (1996), referring to the diagram of Wolfe (1971),
supplemented with data from Hou (1983), Numata
(1974) and Satoo (1983), obtained the following climatic
parameters for the Dunarobba palaeofloras (transition
Mixed Mesophytic Forest/Evergreen Braoad-leaved
Forest):

- Average annual temperature around 13-14 °C.
- Average annual rainfall in the range 1000-3000 mm.

The above temperature estimation is not in con-
trast with the new temperature data provided by Grimm
& Denk (2012), which define an interval between 9 °C
and 21 °C for the plant taxa occurring at Dunarobba
(see climatic data in Fig. 27), tentatively restricted to the
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interval 14-21 °C according to the whole dataset re-
ported in Fig. 27 (excluding the relic genus Tetraclinis,
>15°C).

Finally, the Dunarobba palaeofloras are framed in
the context of a warm and humid temperate palaeocli-
mate (Cfa sensu Kdppen-Geiger: Kottek et al., 2006),
and the presence of "subtropical" elements allows us to
exclude severe winter frost.

The long pollen record from the Dunarobba S2
Core (Fig. 18) shows successive phases of reduction vs
expansion of Taxodium type (followed by some ele-
ments of the mixed deciduous broad-leaved forest) and
Pinus. Such pattern supports the image of a landscape
submitted to humidity fluctuations, but within a prevalent
humid, warm temperate climate. Also the chemical and
physical features of the palaeosols demonstrate that
climate conditions did not change remarkably from the
bottom of the Forest Section to the top of the Palaeosol
Section (Fig. 8). In fact the absence of important expan-
sions of herbs in the pollen diagram indicates that hu-
midity fluctuations were never dramatic, and there is no
definite evidence of glacial/interglacial cycles. The Pina-
ceae pollen increase during the relatively moister
phases can be attributed to lake level rises (larger basin
= over-representation of Pinus pollen). Successively, the
pollen curve of the Taxodium type shows a definite in-
crease, which indicates an expansion of swamps. The
following phase of humidity lowering determined the
expansion of mixed deciduous broad-leaved forest in
the areas closest to the lake coast.

In synthesis, the vegetation and climate recon-
structed for the Dunarobba sections are similar to those
of the Cava Toppetti | Section, the Zone Il of the Fosso
Bianco pollen diagram, and the warmest phases of the
Cava Toppetti Il pollen diagram. However, the Cava
Toppetti Il and Fosso Bianco pollen records show more
apparent vegetation and climate changes (see 4.2. and
4.3.), whereas the Cava Toppetti | and Dunarobba pol-
len records indicate fairly stable conditions.

In the Pietrafitta succession the extralocal vegeta-
tion is only documented by pollen. The long pollen dia-
gram of Lona & Bertoldi (1972) shows consistent varia-
tions in the pollen percentage of taxa indicating different
vegetation types. A progressive increase of Taxodium
type, till to a complete dominance, would suggest a
warm temperate climate (Kottek et al.,, 2006) of
"subtropical" type. The abundance of Taxodium type
also indicates the local establishment of a taxodiod
swamp forest, possibly similar to the Dunarobba one,
even if here we have no macrofossil record of such a
plant community. Later on the Taxodium type nearly
disappears, marking the so-called "Tiberian boundary"
of Lona & Bertoldi (1972). From this horizon onwards
the pollen of the so-called "Quercetum" taxa dominates,
together with Carya and Pterocarya. The extralocal
vegetation of the this pollen zone, comprising the basal
part of the lignite seam, was a mixed deciduous broad-
leaved forest indicating a warm temperate climate
(Kottek et al., 2006) and sufficient humidity. At the top of
the diagram there is a prevalence of Pinus and herba-
ceous pollen, suggesting a cool phase with conifer for-
ests and open vegetation, possibly growing under a
snow climate (Kottek et al., 2006).
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Fig. 27 - Biochronological chart of selected fruit and seed species based on data from Northern lItaly. The black boxes to the right side
(Dunarobba columns) indicate occurrence in our samples (see Tabs. 1, 2). Mes = Messinian; Gel = Gelasian. The listed taxa have been
gathered in 6 main Carpo-groups, according to Martinetto et al., in press. A simple characterisation of the growth forms of the listed taxa
is reported in the two columns named respectively "Deciduous/Evergreen” and "Habit", where "c", "h", "s" and "t" stand for climber, herb,
shrub and tree. The thermal climatic requirements of each species have been synthetlcally expressed by the boundary values of Mean
Annual Temperature (NLR Clim. boundaries), e.g.: >13 = distribution of Nearest Living Relatives (NLRs) mainly in areas where the MAT
is higher than 13°C; <14 = distribution of NLRs mainly in areas where the MAT is lower than 14°C; u = uncertain, b = broad climatic distri-
bution (literature sources: AGrimm & Denk, 2012; *Utescher and Mosbrugger, 2013; #other sources, reported in Martinetto et al., in
press). The column "exotic/native" (ex/n) is referred to the NLRs, and "X" means no-NLR (extinct genus or morphogenus).
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The Pietrafitta pollen diagram (Fig. 25), when
compared to that of the Dunarobba S2 Core (Fig. 18),
distinctly differs for a significant increase of herbaceous
pollen in the C Zone, with dominance of the steppe ele-
ment Artemisia. Similar phases of steppe elements in-
crease occur in the Fosso Bianco pollen diagram (Fig.
4). At the light of the vegetation dynamics pointed out by
the long pollen record from Pietrafitta, the macrofloral
data provided by the Torre Picchio Section (Girotti et al.,
2003) can be referred to a mixed deciduous broad-
leaved forest phase, indicating a warm temperate cli-
mate and sufficient humidity. The Villa San Faustino
macroflora (Martinetto, 1996) can be referred to a colder
phase with mixed conifer (Abies, Picea) and deciduous
broad-leaved forests, even if the climate was still possi-
bly of C type according to the Képpen-Geiger classifica-
tion (Kottek et al., 2006).

7.3. Biochronology of plant assemblages

The stratigraphic study of the pollen assemblages
in late Cenozoic successions of ltaly led to the proposal
of biostratigraphic schemes (Lona & Bertoldi, 1972;
Bertoldi, 1990; Bertoldi et al., 1994), in which a few units
were distinguished on the basis of the progressive dis-
appearance, or extreme reduction, of some thermophi-
lous plants. These schemes were also used to interpret
the chronology of the even more apparent disappear-
ance of thermophilous plants seen in fruit and seed
assemblages (Martinetto, 1995, 1999). More recent
studies posed the necessity of a revision of such disap-
pearance times (Bertini, 2010; Martinetto et al., in
press), and put forth the longer persistence of some
species in central Italy with respect to the northern part
of this country (Martinetto, 2001). This means that it is
very difficult, in central Italy, to assess the age of a de-
posit on the basis of the assemblage of extinct plants
that it contains.

The analysis of the distribution in northern Italy
(Martinetto et al., in press) of the fruit and seed species
of Dunarobba (Fig. 27) shows how several
"Zanclean" (Carpo-group 1) or "Zanclean-
Piacenzian" (Carpo-groups 2 and 3) elements are still
found in the Dunarobba sediments (Alangium deutsch-
mannii, Cyclea palatinati-bavariae, Litsea sonntagii,
Meliosma canavesana, Magnolia allasoniae, Tetraclinis
salicornioides, Toddalia latisiliquata and Zanthoxylum
ailanthiforme). This situation may be explained in 2
ways:

1) the Dunarobba succession has a Zanclean or
Piacenzian age;

2) several elements of Carpo-groups 1-3 persisted
after the end of the Piacenzian in central Italy.

If the second case is true, the Dunarobba succes-
sion may well have a Gelasian age, as proposed by
Bizzarri et al. (2011). However, the Gelasian is well-
known for the instauration of glacial/interglacial cycles,
and the analysis of the Dunarobba S2 Core pollen dia-
gram (Fig. 18) does not provide any evidence of such
cycles (i.e. alternations among deciduous broadleaved
forest and steppe or microtermic coniferous forest).
Rather, the continuos curve of the Taxodium type would
fit better within the Pliocene.

On the other hand, the onset of well defined gla-
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cial/interglacial cycles has been observed troughout
both the Fosso Bianco and the Pietrafitta sections, and
fits very well with the age of these sections, respectively
Gelasian and Calabrian.

The early Gelasian glacial phases, as detected in
the Fosso Bianco section, are often characterized by the
expansion of Picea and Abies, and the decrease of the
thermophilous elements, such as Taxodium type. Some-
times they correspond to the expansion of herbs, includ-
ing Artemisia, whose increase, however, preceedes that
of Picea. For these features such glacial phases show
an intermediate pattern between those described for the
central Mediterranean littoral (e.g. at Vrica: Combourieu-
Nebout, 1993) and the North Apennine ones (Bertini,
2001; Fusco, 2007).

At Pietrafitta there are no elements of Carpo-
groups 1-4, and only Carex cf. elata was listed by Marti-
netto et al. (in press) as an element of Carpo-group 6,
distributed from the Gelasian to the Holocene. However,
several extinct carpological species occur (Aldrovanda
cf. zussii, Cyperus glometratoides, Decodon globosus,
Nymphaea borysthenica, Potamogeton pannosus, Eury-
ale(?) nodulosa, Stratiotes cf. intermedius), and form a
characteristic assemblage, similar to those assigned to
the Late Pliocene-Early Pleistocene in East Europe
(Velichkevich & Zastawniak, 2003), and to an Early
Pleistocene assemblage in West Asia (Melamed et al.,
2011).

At the present state of the art the association of
fruit and seed species of Pietrafitta, although character-
istic, does not provide definite biochronological indica-
tions, and further studies are needed in two directions:
1) the improvement of the taxonomic accuracy (e.g.
Aldrovanda cf. zussii, Carex cf. elata, Salvinia cf.
natans, Stratiotes cf. intermedius, Trapa cf. natans); 2)
the study of a larger number of well-calibrated Early
Pleistocene sections with carpofloras. However, verte-
brate biochronology (see 6.3.) permitted to assign to a
definite part of the Calabrian (1.5-1.3 Ma) the strati-
graphic intervals including both the carpological sample
PF1 and PF2.

8. CONCLUSION

The plant remains of the Dunarobba and Pietrafitta
sites provide abundant information on two different
phases of palaeofloral development in central Italy. The
Dunarobba sections are assigned, mainly on the basis
of continental mollusc biochronology, to the Piacenzian-
Gelasian interval, whereas the Pietrafitta Section, till to
6 m below the lignite seam, is reliably dated to the mid-
dle part of the Calabrian thanks to vertebrate biochro-
nology. The age of the non-outcropping layers rich in
Taxodium type pollen, laying ca. 8 m below the lignite
seam bottom, is still uncertain.

At Dunarobba, information provided by autochtho-
nous fruit and seed assemblages has been combined
with physical stratigraphic data to conclude that the
remarkable Fossil Forest was produced by an ancient
swamp vegetation dominated by Glyptostrobus eu-
ropaeus, a conifer species whose nearest living relative
is the East Asian tree Glyptostrobus pensilis. The Du-
narobba trees grew in a wetland with high sedimentation
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rate, bordering the ancient Tiberino Lake. The disap-
pearance of the wetland and the Glyptostrobus forest
was due to the establishment of well-drained palaeoen-
vironmental conditions, testified by a palaeosol profile.
Chemical and physical features of the palaeosols dem-
onstrate that climate conditions did not change, so this
palaeoenvironmental variation was probably caused by
local morphological changes induced by tectonics. The
successive restoration of the wetland conditions was not
sufficient for the preservation of in situ tree trunks.

The well-drained palaeoenvironments around the
palaeo-swamp of the Dunarobba Fossil Forest were
covered by forests having a floristic affinity to the mod-
ern Mixed Mesophytic Forests of East Asia, as proved
by rich, water-transported fruit and seed assemblages.
So, in the warm phases of the Pliocene-Pleistocene
transition, the vegetation in central Italy was very similar
to the one which was present, in older times (pre-
Piacenzian), in central-western Europe. The relative
uniformity of the pollen curves in a 50 m long diagram
suggests that the extra-local vegetation and climate
remained stable for a long time span. Conversely, the
Pietrafitta pollen record suggests that, during the
Calabrian, the East-Asian character of the extra-local
vegetation was less apparent, and more frequent,
sometimes abrupt, vegetation changes occurred. The
vertebtrate-bearing lignite seam was initially deposited
in a humid warm temperate phase, when the Pietrafitta
palaeolake was surrounded by broad-leaved deciduous
forests. The aquatic and wetland plant communities still
comprised several exotic plants (e.g. Azolla, Decodon,
Euryale(?), etc.) and extinct species of East European
affinity (e.g. Cyperus glomeratoides, Nymphaea
borysthenica, Potamogeton pannosus).
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APPENDIX 1

INFORMAL PALYNO-GROUPS USED IN THE SUMMARY POLLEN DIAGRAMS OF FIGURES 3-5 AND 18

Palyno-group 1

Palyno-group 2

Palyno-group 3

Palyno-group 4

Palyno-group 5
Palyno-group 6

Palyno-group 7

Palyno-group 8

Palyno-group 9

Mega-mesothermic elements. Taxodium type is the main component (plus rare pollen grains of Sequoia
-type and Sciadopitys); Nyssa, Arecaceae, Engelhardia, Myrica, Distylium and other Hamamelidaceae
tricolpate pollen grains are subordinated.

Mesothermic elements requiring a humid climate but tolerating seasonal contrast in humidity and tem-
perature. Quercus is the principal component. Juglandaceae (Juglans, Carya, Pterocarya), Liquid-
ambar, llex, Carpinus, Castanea, Ulmus, Tilia, Acer, Fraxinus, Viburnum, Araliaceae (Panax type) and
Celtis are subordinated. The Mediterranean evergreens, represented by only few pollen grains of Quer-
cus ilex-type, Olea, and Pistacia, are included in this Palyno-group.

Cathaya plus Pinus haploxylon-type. Cathaya is a SE Asian gymnosperm tolerating low temperature but
requiring an high humidity along all the year.

Pinus and undetermined Pinaceae saccate pollen grains, with variable ecological and climatic require-
ments.

Meso-microthermic conifers such as Cedrus and Tsuga.
Microthermic elements such as Abies and Picea plus Fagus and Betula.

Undetermined and indeterminable pollen grains as well as elements with local significance such as
Alnus and Salix plus Cupressaceae.

Non arboreal elements, principally herbs such as Poaeeae, Asteraceae (except Artemisia), Amarantha-
ceae, Ericaceae, Ranunculaeeae (Thalictrum), Brassicaceae, Caryophyllaceae, Plantaginaceae, La-
miaceae, cf. Fabaceae, Polygonaceae (Rumex), Plumbaginaceae (Armeria).

Steppic taxa such as Artemisia and Ephedra.
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APPENDIX 2

Martinetto E. et al.

PALYNO-FLORAL LIST FOR THE PLIO-PLEISTOCENE SITES OF THE TIBERINO BASIN
Legend: CT I, Cava Toppetti | Section; CT Il, Cava Toppetti Il Section; DU, Dunarobba sections; FB, Fosso Bianco Section; PF,
Pietrafitta Section.

Floral list Floral List | CIT ‘ CHT |DLT FB | PF ‘
CYMNOSPERMS
Cupressaceae Cupressaceae indet. # | = [ * * * Pinaceae cont  |Picea * I I
cf Chamaecvparis * | Pinus o t * * * * *
Sequoia t. = | = | * * * I * ¥ | * | = | =
Taxodium t * * * * 3 =
Ephedraceaes Ephedra * = * * | Preudorsuga =
Ginkzoaceae Ginkgoaceze mdet. * Tsuga * * * * *
Pinaceae Pinaceas indet. * * * ¥ * Pinaceae sacc. indat. * ¥ * * =
* * * * * Podoearpaceae | Dererypdiem *
* * * * * | Podocarpuis =
* * * * Sciadopityaceae Sciadopitys * ¥ * * =
* Taxaceae of Tawus *
ANCIOSPERMS
Aceracese * * * * * Inapertarated * * * * *
Actinidiaceae * Juglandaceas Tuglandaceas indet. * * * * *
Alizmataceae * ¥ Carya * ¥ * * =
Altingiaceae * * * * * |Engelhardia * * *
Amaranthaceas Amaranthaceze mdet. * = * * * Juglans * * * * =
Anacardiaceae Piztacia * * * | Plagycarya =
R * | Prerocarya * * * * *
Apiaceae Apiaceas indet * x * * * Lamiaceae Lamizaceae indat. * *
Buplerum Lauraceae | Lz =
Aguifoliaceae Tlex * = * * * Lemnaceas Lemma
Araliaceas Araliaceas indet. * * * ¥ * Liliaceae Liliaceas indat * ¥ * =
Hedera * * | * Loranthaceae Loranthaceas *
Panax t. * * * * MMagnoliaceae hagnoliaceas indet.
Arecaceae Arecaceae indet. * * * * * odsndron =
Chamaeraps * cf. Drymis *
* Alyricaceas Mfvrica * ¥ *
* Myviaceae *
Asteracens Asterotrdeaze * = * * * Nympheaceae MNymopheaceas imdet *
_Arremizia * * * * * Nyssaceae Nyssa * * *
Asteraceae HAsteraceas * * * ¥ * Oleaceae Oleaceae mdet. * =
Berheridaceae cf. Mahonia * * ¥ *
Betulaceae * * * * * =
= | = | * * * =
* * * * * Plantaginaceas taginaceae mndet * * * *
* E tago
* ¥ * Flatanaceae anaceae ndet.
Boraginaceae * * * =
Braszszicaceae Braszicaceas mdet. * * * Plrmbaginaceae drmeria *
Butumaceae Butomus * ¥ Polemoniaceae [ Polemonium
Buxaceae * * * * Poaceae Poaceas mdet. * * * * *
Caprifoliaceae * * * Polygonaceae (Fumex * * *
Lonicera * * Ranunculaceae Fammculaceze indst. * * *
Caryophyllaceae Caryophyllaceas indet. * * * * Thalictrum * * * * *
Celastraceae Celastraceze mdet. * ¥ * | Helleborus
Evorm 5 Rhamnaceas Rhammus
Cistaceas * Rutaceae Futaceas indat. * ¥ *
Convolvulaceae * | Phellodendron
Cyperaceae Cyperaceas indat. * * * Salicaceae | Pop. * *
Dipzacaceae * * * Sai * * * * *
Eleagnaceae Eleagmuis * Sapindaceas descnl: *
Ericaceae Ericaceas mdet. * = * Sapotaceas Sapotaceas indat =
Fucommiaceae Eucommia * Saxifragaceae Saxifragaceze mndet. *
Fabaceae Acacia Serophulariaceae  |Scrophulariaceas mdet.
Fagaceae Castanea * * * * Sparganiacease Sparganiun =
Fagus * * * * * Symplocaceae *
Cuereus * = * * * Tiliaceae * * * * =
Cuercus ilex t * * * * . Typhaceae * * *
Geraniaceas Evcdinm ¥ Ulmaceas * *
Haloragaceae Ayrpeph; * * * * * * *
Hamamelidaceae [Hamamelidaceae mdet. * * * * * =
= = ¥ Valerianaceae *
Parro. * * * Vitaceae
Parrotiopsis * Parthenoci. * * *
Hypericaceae Hypericaceae indet. * Losteraceae Foramogeron *
Hhpericnm *
OTHERS
|Tyfrafpm'gpa s cingudum_cf subsp. *
PTERIDOPHYTA
Lycopodiaceae Lycopodiaceze mdet. * * * * Preridaceae Preridaceze mdat. * * * =
Ophisglozzaceas Ophicgloszaceae mdet. * = * Alete spores [Alete spovas * * * * =
Csmundaceae Osmumda * * * * * Monoletes spores  [Monclatas sporas * * * * =
Paolypodiaceae Polypodiaceas indet. * * * * * Triletes spores Tuletes spores * * * * *






