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Abstract: The analysis of a taxonomical database containing Italian pollen and macrofossil records of the Messinian — Piacenzian
time interval allowed us to evaluate the possible assemblage of different parts within a Whole-Plant Concept. The fossil plant
parts that we deemed more significant were: “herbarium-like” specimens, foliage, female and male reproductive organs and
stem parts (mainly woody axes). When it has been possible, we recognized these different parts as putative products of a single
ancient plant species. Then we operated a random selection of 100 taxonomical entities (potential whole-plant taxa, indicated by
the progressive numbers WP001, WP002, etc.) and we analysed their fossil record in order to quantify the proportion of ancient
plants represented by one, two or more different parts in the fossil record of the studied area and time slice. Our quantitative
analysis showed that 63 % of the potential whole-plant taxa are represented by a single type of plant part, 23 % are represented
by two plant parts, and 14 % by three or more different parts. A few taxa were selected as examples to show in detail the
implications of applying the Whole-Plant Concept; this involved a taxonomic discussion of Actinidia, Ailanthus, Engelhardia,
Eucommia, Glyptostrobus and Taxodium.
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Introduction Kvacek et al. (2004) examined such combinations for several
fossil plant taxa from a Central European Neogene flora, and
Teodoridis and Sakala (2008) provided an excellent overview
of conifer whole-plant taxa from a sedimentary basin in
Central Europe. However, a more quantitative approach,
based on a representative sample of fossil floras from a broad
area, to our knowledge has not yet been attempted and may
be considered worthwhile for different purposes. Therefore,
we decided to test a quantitative application of the Whole-
Plant Concept to Messinian — Piacenzian macrofossil and
pollen records of north and central Italy (Text-fig. 1). This is
a suitable situation due to the enormous number of localities,
yielding a dense chronological and geographic coverage of
fossil plant assemblages (Bertini 2010, Bertini and Martinetto
2011, Martinetto 2015), which represent the disarticulated
parts produced by the Neogene plant communities.

The reconstruction of terrestrial floras of the past is strongly
hampered and complicated by the fact that the fossil record of
plant taxa consists mainly of various types of fragments. A
comparison with modern floras (e.g. Bartolucci et al. 2018),
made up by living plant taxa which are usually collected
as flowering or fruiting specimens of whole organisms, is
therefore very difficult. The Whole-Plant Concept aims to
investigate the relationships among most of the detached fossil
plant organs, never found in organic connection, by following
a few lines of evidence as listed by Kvacek (2008: 919).

The Whole-Plant Concept, after Kvaéek (2008), does not
necessarily imply that a pictorial reconstruction of an ancient
plant taxon will be obtained (as in Bomfleur et al. 2013),
but sometimes just to consider the possible combination
of different fossil plant parts (Kvacek and Hably 2014), as
components of a single ancient “whole-plant”. Teodoridis and
Sakala (2008) pointed out that the principles of this holistic
approach had been demonstrated for the Cenozoic of Europe
by Kvacek (2004) for leaves and reproductive organs, and by For the analysis of the possible combinations of different
Sakala (2004) for the association of wood with other organs. plant parts from the Messinian — Piacenzian of Italy we used
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Text-fig. 1. Map of northern and central Italy showing the location of the main sites with relevant Messinian to Piacenzian fossil

floras. For locality labels see explanation in Table 1.

a pollen and macroflora database compiled by Bertini and
Martinetto (2011), integrated with recent data by Macaluso
et al. (2018), Martinetto et al. (2015, 2018) and Teodoridis et
al. (2015a, b, 2017a, b). One of the main alterations involved
the inclusion of data concerning a few fossil floras of the pre-
evaporitic Messinian (7.25-5.61 Ma). We also verified that
in the updated chronostratigraphic chart (Cohen et al. 2013
[updated 2017]) there are no changes in the boundaries of
the chronostratigraphic stages used by Bertini and Martinetto
(2011) for the Messinian — Piacenzian interval (Tab. 1).
Therefore, in Table 2, we were able to use the chronological
framework reported in Bertini and Martinetto (2011), and we
assigned to the appropriate time slices the new occurrence
data provided by Macaluso et al. (2018), Martinetto et al.
(2015, 2018) and Teodoridis et al. (2015a, b, 2017a, b). Only
the locality “Gabbro” requires individual discussion because
it yielded two distinct flora-bearing layers (Kovar-Eder et al.
2006) which have had inconsistent stratigraphic assignment
(Kovar-Eder et al. 2006, Bertini and Martinetto 2008, Bertini
and Martinetto 2011). For this reason, as already presented by
Bertini and Martinetto (2011), we also excluded the Gabbro |
site, and considered only the Gabbro II site in this paper
(locality Pane e Vino: Berger 1958), which was tentatively
assigned to the post-evaporitic Messinian (5.61-5.33 Ma).
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The updated Bertini and Martinetto (2011) database
includes most of the recently revised pollen, carpological,
wood and leaf fossil-taxa of several Messinian — Piacenzian
localities in northern/central Italy (Tab. 1) and follows the
nomenclature applied in the Italian Neogene, in which
carpological material, wood and leaves are usually assigned
to fossil-species (see McNeill et al. 2012 for the fossil-
species concept), whereas pollen grains are usually identified
at genus or family level (Bertoldi et al. 1994, Bertini 2010,
Magri et al. 2017).

The ICN (McNeill et al. 2012) allows the use of separate
fossil-species names for different isolated fossil plant organs,
even if they may have been produced by the same ancient
organism. The resulting nomenclatural practice may appear
confusing to botanists, but the Whole-Plant Concept may help
to clarify the relationship: some fossil-taxa, based on a single
plant part (fragment of an ancient biological taxon), may
be assembled into a hypothetic whole-plant, conceptually
equivalent to a modern biological entity. Cleal and Thomas
(2010) correctly pointed out that there are very real practical
problems in formally naming extinct plants reconstructed
from the fossil record because these assembled reconstructions
are hypotheses and are not governed by the principle of
priority (Miller et al. 2011). The best practice is to not name
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fossil plants formally at all, but to refer to them by names
outside of a formally codified system of nomenclature (Cleal
and Thomas 2010). Teodoridis and Sakala (2008) already
provided good examples for the Cenozoic of Europe, and
proposed to designate whole-plants, assembled from the fossil
record of several organs, with such names as “Glyptostrobus
europaeus plant”, “Taxodium dubium plant”, etc. In this
paper, by following Vassio et al. (2008), we prefer to use
“Glyptostrobus europaeus whole-plant”, “Taxodium dubium
whole-plant”, etc., in order to point out unambiguously that
the binomial names are used according to the Whole-Plant
Concept illustrated by Kvacek (2008).

We quantitatively tested an application of the Whole-
Plant Concept by using the Messinian — Zanclean records
of the updated Bertini and Martinetto (2011) database,
in which we did not include pre-Messinian records (e.g.
Biondi et al. 1985, Hably 2010, Bonci et al. 2011). The first
operation on the database consisted of grouping together
the taxa represented by different plant organs, which could
be assigned to a single fossil whole-plant based on the
lines of evidence presented by Kvacek (2008: 919) and
Manchester et al. (2014). Such lines were also adopted in
this paper and codified with the following acronyms: RCO,
repeated co-occurrence (either in the same locality or same
chronostratigraphic interval); IEA, identical or similar
epidermal anatomy; ISA, identical or similar systematic
affinities, implemented by our knowledge of the whole-
plant habitus of the living relatives (Manchester et al. 2014);
PIS, pollen in situ and pollen ex situ (accumulations scraped
from the surface of leaves).

Given the characteristics of our data, we could mostly
apply the line ISA and more rarely RCO; whereas the lines
IEA and PIS were not applicable because the necessary
analyses had not yet been carried out on the Messinian —
Piacenzian of Italy. The whole-plant reconstruction of those
taxa for which we used ISA (e.g. Lycopus; Text-fig. 2a, b)
may be improved by the analysis of their position within the
most consistent and detailed molecular- and morphology-
based phylogenetic tree for the studied family (Text-fig. 2¢).
Of course, a whole-plant reconstruction may be supported
by analysis of the habitus of those living relatives (Text-fig.
2d) which do not only belong to the nearest living species,
but also to the “sister taxa” from a phylogenetic point of
view. In phylogenetically isolated genera a simple analysis
of the habitus of all the genus members may be sufficient.
For example, Lycopus is a phylogenetically isolated genus
within Mentheae (Drew and Sytsma 2012), therefore the
habitus of a Pliocene species of Lycopus (Text-fig. 2b) may
be deduced by that of the living species of this same genus.
All species of Lycopus are herbs with opposite leaves and
terminal inflorescences of zygomorphic flowers with two
stamens, and this applies also to the majority of its sister
taxa (e.g. Mentheae subtrib. div.; Drew and Sytsma 2012),
although some representatives are small shrubs. Therefore,
the fossil Lycopus cf. americanus was also most probably a
herb with the same characters as the extant Lycopus species,
whereas the shrubby habitus of some related Mentheae is
less likely.

Moreover, when we exploited line ISA, we also
considered that more abundant and/or complete fossils,
similar to those from Italy treated in this paper, but often with a
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Text-fig. 2. Example of morphological characters of a single plant part which are diagnostic for its placement at a precise position
of a phylogenetic tree. a) the presence of a collar around the nutlet (schematic drawing, dorsal view) is highly diagnostic for the
genus Lycopus; b) fossil nutlet of Lycopus cf. americanus in dorsal view, early Pliocene of Ca’ Viettone, NW Italy (Martinetto
et al. 2018); c) phylogenetic tree of the tribe Mentheae, modified from Drew and Sytsma (2012); d) aspect of the living Lycopus
europaeus L., most likely similar to that of the Pliocene Lycopus cf. americanus whole-plant. Illustration from Thomé (1885),

improved by O. Tackenberg (http://www.i-flora.com).

larger number of associated parts (e.g. Eucommia europaea;
Kvacek et al. 2008), can be found elsewhere in Europe (e.g.
Hably 2001, Stuchlik 2001, Kovar-Eder et al. 2004, Kvacek
et al. 2004, 2008, Teodoridis and Sakala 2008, Kunzmann
et al. 2009). These records from outside Italy provide more
definite lines of evidence for use of a Whole-Plant Concept
for the fragmentary or scarce Italian fossil records. The
fossil plant parts that we deemed more significant (Text-
fig. 3a—c) for assembling a Whole-Plant Concept are: (1)
“herbarium-like” specimens (i.e. single fossils with several
significant organs attached together, as shown in Manchester
et al. (2014: 2)); (2) female reproductive organs, (3) foliage,
(4) male reproductive organs, (5) stem parts (mainly woody
axes). Additionally, roots and bark can be considered
optional elements conceptualizing the whole-plant. The
basic information provided by each plant part (Text-fig. 3a—
¢) concerns its morphology, but other important data are the
anatomical features, rarely available in the Italian material,
and the variation, which can be studied only when several
specimens occur.

For an effective synthesis of the fossil record of
each potential whole-plant taxon we propose to use two
connected tools: a whole-plant part table and a whole-
plant identity plate. The table summarizes the information
available for a particular whole-plant species, and the related
plate provides images of the main fossil organs, as well as
images of the reconstructed habitus of the plant or that of the
living relatives. In this paper we show just a few examples
of whole-plant part tables (Text-fig. 3a—c) and whole-plant
identity plates (Text-figs 4—6). Both tables and plates contain
empty boxes, when determinate fossil organs are lacking in
the Italian fossil record. A complete set of such tables and
plates would be useful for future preparation of a catalogue
or atlas of Neogene whole-plant taxa in Italy, but it is
beyond the scope of this article. Rather, the main aim of the
present paper is to quantify the proportion of whole-plant
taxa represented by one, two or more different parts in the
studied area and time slice. For this purpose we analysed an
interpretive taxonomical list in which progressive numbers
(WPO001, WP002, etc. in Tab. 2) were assigned to assembled
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Taxon
Whole-plant parts Actinidia faveolata

herbarium-like specimens

female reproductive organs

morphology

anatomy

variation

foliage

morphology

anatomy

variation

male reproductive organs

morphology

anatomy

variation

wv

stem

morphology

anatomy

variation

Optional

roots

bark

Taxon
Whole-plant parts Glyptostrobus europaeus
X

herbarium-like specimens

female reproductive organs

morphology

anatomy

variation

foliage

morphology

anatomy

variation

male reproductive organs

morphology

x

anatomy

variation

wv

stem

morphology

anatomy

variation

X [ X [X | %

Optional

roots

x

bark

Taxon
Whole-plant parts Taxodium dubium

herbarium-like specimens

female reproductive organs

morphology

anatomy

variation

foliage

morphology

anatomy

variation

male reproductive organs

morphology

anatomy

variation

wv

stem

morphology

anatomy

variation

Optional

roots

bark
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a

b

organs, tentatively representing a single biological plant
species of the past, as already presented by Teodoridis
and Sakala (2008). In the taxonomical list we focused on
families whose name starts with the letters between A to M
(with the exception of Simaroubaceae, added subsequently
in order to suggest a possible combination between leaves
of cf. Ailanthus pithii, which was considered family incertae
sedis, and a fruit of Ailanthus confucii), and, by using the
RAND formula in Microsoft Excel, we operated a random
selection of 100 potential whole-plant taxa and analysed
their fossil record (Tab. 2).

Results

The updated Bertini and Martinetto (2011) database
which we analyzed contains occurrence data of fossil
plant taxa plotted into a relatively definite chronological
framework thanks to the chronostratigraphic assignment
of several “principal” flora-bearing successions (Tab. 1).
The chronological boundaries for each stage reported by
Cohen et al. (2013 [updated 2017]: Tortonian = 11.63-7.25
Ma; Messinian = 7.25-5.33 Ma; Zanclean = 5.33-3.60 Ma;
Piacenzian = 3.60-2.58 Ma; Gelasian = 2.58—1.80 Ma) and
the subdivision of the Messinian reported by Bertini and
Martinetto (2011: pre-evaporitic = 7.25-5.61 Ma; evaporitic
= 5.96-5.61 Ma; post-evaporitic = 5.61-5.33 Ma) allowed
us to build up a chart of the chronological distribution of 45
pollen taxa, 69 carpological taxa, 52 leaf taxa, 1 flower taxon
and 2 wood taxa (low quantity due to the limited amount of
wood taxonomical analyses in the Messinian — Piacenzian
of Italy, with the exception of Biondi (1982) and Vassio et
al. (2008)).

Each of the 100 entities we selected for the analysis
(Tab. 2) contained at least the remains of one ancient whole-
plant species, but of course those entities identified at genus
or family level (e.g. Alnus, Apiaceae, Caryophyllaceae,
Chenopodiaceae, Ericaceae) may have included the remains
of an imprecise number of species of those given genera
or families. We summarized synthetically the plant parts
which are available for each whole-plant taxon by means
of a number or a sum of numbers (corresponding to those
in Text-fig. 3), which we propose to indicate as the “Whole-
Plant Concept pattern” (“WPC pattern” in Tab. 2). We scored
the WPC patterns by omitting the dubious association of a
plant organ with others (indicated by question marks in Tab.
2), and our analysis of 100 randomly selected taxonomical
entities from the Messinian — Piacenzian sites of Italy

Text-fig. 3. Examples of whole-plant part tables summarizing
current knowledge on the morphology, anatomy and variation,
in the Messinian to Piacenzian of Italy, of fossil parts of three
sample taxa which show: a) only one category (Whole-Plant
Concept (WPC) pattern = 2) of plant parts available for a Whole-
Plant Concept (Actinidia faveolata). b) all categories of plant parts
(WPC pattern = 1 to 5), including the optional ones, available
for a Whole-Plant Concept (Glyptostrobus europaeus). c) three
(WPC pattern = 2 + 3 + 4) out of five categories of plant parts
available for a Whole-Plant Concept (Taxodium dubium). The
numbers in the first column are used to summarize synthetically
the Whole-Plant Concept (WPC) pattern in Table 2.
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Text-fig. 4. Identity plate of the Actinidia faveolata whole-
plant. The seed is the unique available fossil part. a) fossil
seed of Actinidia faveolata from the Stura di Lanzo Fossil
Forest (Martinetto et al. 2007a), Piacenzian of northern Italy.
b) foliage remains lacking. ¢) remains of woody axes lacking.
d) pollen remains lacking. e) modern seed of Actinidia arguta
(from Hiroshima Bot. Garden), with a structure closely similar
to Actinidia faveolata. f) aspect of a living plant of A. arguta
with fruits and leaves, Botanical Garden of the Faculty of
Science, Charles University, Prague. Scale bar 1 mm.

(potential whole-plant taxa) showed that 63 % of the taxa
are represented by a single type of plant organ, 23 % are
represented by two plant organs with a well-supported
association, and 14 % by three or more different organs with
well-supported association (Tab. 3).

Systematic palaeobotany

Examples of different patterns of fossil record are
provided by a few selected taxa extracted from the
comprehensive list (Tab. 2). The discussion is focused on
the Italian record of the Messinian — Piacenzian, and the
occurrence of the same taxa outside this geographical and
chronological context is only cited when this is fundamental
to the Whole-Plant Concept of the studied fossils.

Family Cupressaceae Gray, 1822
Genus Glyptostrobus ENDLICHER, 1847

Glyptostrobus europaeus whole-plant
Glyptostrobus europaeus (BRONGNIART) UNGER (foliage
shoots, cones, seeds); Glyptostroboxylon rudolphii
DoLezycH et BurGH (wood); Taxodium-type pro parte
(pollen)

Text-fig. Sa—h

Material. The Messinian sites mostly provided
shoots, but infrequently. The Pliocene sites provided all
types of macroremains, in large quantities in some fossil
forests: Dunarobba, Fossano, La Cassa, Le Matole, Stura di
Lanzo, Villafranca d’Asti — RDB Quarry (Vassio et al. 2008,
Martinetto et al. 2007a, 2014, Bertini and Martinetto 2014,
Forno et al. 2015, Macaluso et al. 2018). A proportion of the
pollen grains of the Taxodium-type, frequent in most of the
Messinian to Zanclean samples, was certainly produced by
the Glyptostrobus europaeus whole-plant.

Remarks. Glyptostrobus europaeus is a fossil-species
name (McNeill et al. 2012) first used for a shoot with cones
from Greece (Miocene), preserved at the Muséum national
d’Histoire naturelle of Paris (specimen MNHN.F.1744,
holotype), but its extension to a Whole-Plant Concept was
already discussed by Vassio et al. (2008) because of the co-
occurrence of stumps, roots, trunks, foliage shoots, cones and
seeds (Text-fig. 5a—f) in swamp forest palacoenvironments
(line of evidence RCO). Some of the fossil pollen referred
to the “Taxodium-type” (Text-fig. 5g) in the Neogene
of Italy was certainly produced by the “Glyptostrobus
europaeus whole-plant”. The habitus of this ancient plant
can be reconstructed by integrating information on the large
stumps and trunks, found in several fossil forests, with our
knowledge of the modern relatives (line of evidence ISA),
and also considering the phylogenetic framework (Lu et al.
2014). The habitus of all the members of the Glyptostrobus
phylogenetic clade is that of trees of medium to large height,
of conical shape when young, with spirally arranged leaves
and pear-shaped to globose cones. Therefore, the fossil
Glyptostrobus europaeus was certainly a tree with such
features, as illustrated in a pictorial reconstruction of the
Dunarobba Fossil Forest (Martinetto et al. 2014) in central
Italy (Text-fig. 5h). Its small cones were pear-shaped.

Genus Taxodium RicHARD, 1810

Taxodium dubium whole-plant
Taxodium dubium (STERNBERG) HEER (foliage shoot, cone,
seed); Taxodium-type pro parte (pollen)
Text-fig. 6a—g
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Text-fig. 5. Identity plate of the Glyptostrobus europaeus whole-plant. a) fossil remains of a woody axis: stump from the Stura di
Lanzo Fossil Forest showing lobed xylem in cross section, surrounded by darker bark remains. b) foliage shoots with attached cones
from the same site. ¢, d, €) wood cross sections, Stura di Lanzo Fossil Forest, respectively transversal, tangential and radial section
(from Vassio et al. 2008). f) seeds, the right hand specimen with a preserved wing from the same site, the wingless specimen from
Dunarobba. g) Taxodium-type pollen from the Stura di Lanzo Fossil Forest, photo courtesy of Nela Dolakova. h) reconstruction of
the Glyptostrobus europaeus whole-plants which formed the Dunarobba Fossil Forest, drawing by Angelo Barili. Scale bar 10 mm

for a, b; 50 pm for c—e, 1 mm for f and 20 um for g.

Material. The Messinian sites only provided shoots.
Five Pliocene sites provided a few types of remains, only
at Villafranca d’Asti — RDB Quarry were there large
quantities; less abundant shoot and cone specimens at:
Arboschio, Castelnuovo Don Bosco, Meleto and Santa
Barbara (Fischer and Butzmann 2000, Forno et al. 2015,
Teodoridis and Gregor 2001). The pollen grains of the
Taxodium dubium whole-plant are not distinguished from
those of the Glyptostrobus europaeus whole-plant, and are
subsumed under the Taxodium-type, frequent in most of the
Messinian to Zanclean samples.

Remarks. The fossil-species name Taxodium dubium
was first used for foliage shoots, but its application to a Whole-
Plant Concept has already been discussed by Kunzmann et
al. (2009), who reported the co-occurrence (line of evidence
RCO) of most of the organs. In a few Italian sites several parts
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co-occur: foliage shoots (Text-fig. 6a), cones (Text-fig. 6b),
seeds (Text-fig. 6d), and pollen referred to the “Taxodium-
type” (Text-fig. 6f). Conversely, the stem parts (Text-fig.
6¢) and pollen cones (Text-fig. 6€) of the Taxodium dubium
whole-plant have not yet been reported. The habitus of this
ancient plant, by considering the phylogenetic framework (Lu
etal. 2014), is necessarily similar to that of Glyptostrobus (see
above), yet with globose cones. The fossil Taxodium dubium
certainly had a similar habitus (Text-fig. 6g) as its living
relative Taxodium distichum.

Family Actinidiaceae ENGLER et GILG, 1924

Genus Actinidia LINDLEY, 1836

Actinidia faveolata whole-plant
Actinidia faveolata C. et E.RED (seed)
Text-fig. 4a



Jes| Lr+E X [ seaoeljely “ds esopeH 810dM
w us|jod X 43 [ X oeaoeljely aeaoellely £810dM
() aualAd z X aeaoello)inby |  SISus/ejuED °| |9A SISUBESIM XB)| 210dM
() aualAd z GX aeaoe||oyinby eoeibuLiny) xsj| 91L0dM
() aualAd z X aeaoe||oyinby BOJUOXES XB| GLOdM
(1) Je9)| € LX aesoel|ojinby lipessiob xojf ¥10dM
aualAd [ oX aeaoel|o)inby X8| €10dM
jes| X X aeadel|ojinby X8| €10dM
A___v uajjod 4 4 2 aeaoel|ojinby X8| €10dM
aualAd ‘sanes) ‘uajjod P+E+Z X X ()4 X X 4 aeaoel|oyinby x9|| €10dM
() 3Ny z LX oeaoeldy susjoanesbo.id wnidy Z10dM
paas |njignop X aeadeIpieoeUY snyy LLOdM
§e9| [ngqnop [28 seadelpiedeuy snyy LLOdM
L ua|jod X LX X [ aeadeIpIEORUY snyy LLOdM
paas |njgnop ‘usjjod v+ LX X 1X ("30) 2X X aeaoe|pieoeuy snyy LLOdM
(r) usjjod 14 X X X X seaoelpIedeuy eloejsid 0L0dM
poss X X seadeyUBIRWY aeadRyUBIRWY 600dM
() usjjod X ox [ PX seadeyUBIeWY seadeyjUBIEWY 600dM
pess ‘usjjod v+Z X X oX X [ PX seadeyjuEleWwY seadeyjUBleWY 600dM
Jes| X X aeaoeIbuly eoedo.ne Jequepinbr] 800dM
90U82saNUUI X X aeaoeIbuly eoedo.ne Jequepinbi] 800dM
o usjjod 2 9X X X oeaoelbuny Jequepinbi] 800dM
90U89s9INIyUI ‘sanes| ‘uajjod P+E+2 X PX PX ox X /X GX aeaoeIbuly Jequiepinbr] 800dM
(1) poss z LX 6X oeaveIpluNoY "ds emneineg 200dM
(1) pass 4 149X X aeaode|pluloy ejej0aAey elpiuloy 900dM
auou Jes| ¢ X SIpes aeusoU| snijojo[e) snpuides "o G00dM
auou Jes| ¢ [ X SIpas aeuadU| wnjerpnso wnyAydibung #00dM
auou Jamoly z LX SIpas aeuaoU| siuLIojorABW SBYILUY €00dM
Hny 4 X sesdeqnolewlls llonjuoa snyjuejly ¢200dM
) je9| € X SIp8s seusoU| nyAd snyueqy “jo 200dM
auou Jes| ¢ LX SIpas aeuaoU| ejeujwnoe suelbnr, L00dM
€l 14 9 S [4 € [42 S S31IS 40 'N V1Ol
mﬂu_u_:w.”_%mwmmvx Hed wened odM em,_E m.Nlm.M _”_s_ m.nlm.m_ _D_E m.mlv.m_ _D_s_ w.mlm.w_ Ared vXvi zmomuame._\.,__.q“_y

*((LTOT JOqUIBAON ¢ PISSINe) /qIMJ V/Yd183sat/OFOIN/310
‘Joqourmmm//:sdny) 9J1sqaps Audgo[AyJ uadsorduy 03 3uIp.aodde saiiue, ‘uoxe}  Juepd-a[oym,, yoed 10j djqereae are yamgam syred jued ay) ‘(¢ *Sy-1x3], ul Isoy) 0) Surpuodsariod) sroqunu
JO wns B 10 J_qUINU B Jo suedw £q ‘A[feonapuds sazrrewwns wwped (Dday) 1daduo)) jueg-d[oyAp YL, SIS U,, Ul IQULINIIO0 Judnbaiy (T “3°9) uj pue SIS  U,, Ul IDULINIIO0 SIJedNpul ([X
*8'9) UX *DUILINIIO0 Judnbaay = J ‘s[Isso} Jo 30udsaxd = X *s[issojoadeur ‘JA ‘udfjod ‘q ‘xoq dures dy) ur papnpul e  Jue[d-ajoya,, d[durs e Jo syred JudaIdyyIp Judsardar Lewr YPPIYM exe) Isoy)
JO SPJI03X YT, T S[qBL Ul PIISI[ SIS 3Y) Jo ade 9Y) 0} SUIPJIOIIE SIS W) INOJ Ul PIZIIBWWNS SI (T *qBL, 99S) A[B}] [eJUID pue WIdylIou Jo saIs  jednurad,, y) 0) pajrwi| ‘uoxe) yoes jo
spaed JudIdZJIP Jo PI0dAI YL, (([10T) OWIUNIBIN Uk [unsag Aq paysiqnd aseqejep ay) Jo uoisIdA pajepdn ue ur pajod[as A[wopues (00IdA — T00dM) exel Juefd-ajoym,, 0 Jo ISI'T *T dqEL

85



paas X X aeaoe||Aydohien aeaoe||Aydolien 8C0dM
(m) uajjod X X [ 4 aeaoe||Aydohien aeaoe||Aydolien 8C0dM
paas ‘ua|jod v+ X X X X [ 4 aeaoe||Aydohien aeaoe||Aydofien 8C0dM
sualAd i+€ X aea0exopy BoLYSEq SNONqUES $1€0dM
uajjod X aea0exopy snonques $1€0dM
(m) usjjod 14 LX seaoe|jojude) seaoeljojuded 9€0dM
() ua|jod % X [ [ oaeadeqeuue) aeadeqeuue) GEOdM
uajjod X X LX [ oeaoexng £000002JS/SNXNg d'd $£0dM
L Jes| +€ X aeaoexng snxng $€0dM
(1) usjjod 14 LX aeaoe|njog edyso €€0dM
1Ny v+ X 1X oeaoe|njag euejjane snjfi0n 2£0dM
usjjod X [ X seaoe|njeg snjfiod 2€0dM
3nyy ‘usjjod £X X X X X aeade|njag snjfiod 2€0dM
Jes| LY+ ZHE LX aeade|njeg sijejusLIo o snuidie) L£0dM
Hny LigX 42 €X sesoe|njeg snjnjeq snuidien 0€0dM
Jes| Lizx X GX aeade|njag sninjaq snuidien 0£0dM
uni ‘jes) p+e+C 4158 42 GX aeaoe|njeg sninjaq snujdied 0€0dM
Jes| IX (10) 2% seade|njag einjog 620dM
Hny 4 LX aeaoe|nieg ejnjeg 620dM
W) uajjod X X LX X oeaoe|nyeg g|njeg 620dM
Jes| ‘Jnyy ‘usjjod P+e+C 4 12 LX PX X (1) 2x PX seaoe|njeg ejnjeg 620dM
(1) jes| Lr+égHe 48X zX X aeaoe|njeg nuipneb snupy 820dM
(1) je9| [A 424 LipX Lgx aeaoe|njeg sijeanp snujy £20dM
(1) je9| Lr+icHe X sesoe|njeg ljezusw "yo snujy 920dM
(1) Hny Lr+icHe LX aeaoe|njeg eopesn| "jo snujy G20dM
ELIELES LT 948X A S aeaode|njag snujy L¥20dM
Hny 901X 8X aeaoe|nieg snujy ¢¥20dM
uajjod (2128 9X £X 2102 aeaoe|nieg snujy {¥20dM
SOAEed| 118X X gX aeade|njag snuly 20dM
2ousdsanlul
iy ‘sanes) ‘usjjod p+e+C AHZLX 2128 8X 9X £X GX 2128 aeaoe|njeg snujy ¥20dM
poes z X 8x X aeadeplagIag siuiojeeslfydels ejuoyepy €20dM
Jes| ¢ X aeaoeplagIag eoJuoINg} "0 sleqIeg 220dM
1Ny X oeaoeIaISY oeoploId)sy 120dM
usjjod X ox [ [ aeaoeIISY aeaploIB)sy 120dM
HnJly aJel .r_m__oa LE+Y X X oX X (9.4 aeajeldisy aesplolalsy L20dM
us|jod % PX PX X GX seaoeIaISY eIsiuspy 020dM
us|jod LE+Y X X PX aeaoedaly oeaoedaly 610dM

*pPIaNUNU0d 7 [qeL,




Jo0ys Ajes| AT GX aeaoessaidn) wnignp wnipoxe| $S0dM

paas LipX aeaoessaldn) wnignp wnipoxe| $S0dM

(m) (1) Quoo X aeaoessaldn) wnignp wnipoxe| $S0dM
Jooys Ajes| ‘pass ‘auod Lr+E+T X GX oeaoessaldn) wnignp wnipoxe| $S0dM

uajjod €IexX 9X €4eX GIGX oeaoessaldn) AdALl-wnipoxel |  $50+2S0dM

uajjod o4 X [94 aeaoessaldn) 3dAl-eionbes €G0+670dM

U092 X Ligx aeaoessaldn) eujjeiqe ejonbas €G0dM

paas PX X aeaoessaidn) eujeiqe ejonbes £G0dM

jo00ys Ajes| X X 248X aeaoessaidn) euyjaiqe ejonbes £50dM

¢uajjod ‘auoo ‘pass ‘Jooys Ajes) Lh+E+T X LIex 248X oeaoessaldn) eujjeiqe ejonbasg €50dM
poom X aeaoessaldn) wnJaus} uojAxoqo.jsodA|o 250dM

Quoo 2iGx 1X 1X aeaoessaldn) snaedoina snqo.JjsojdA|o 250dM

poss €IGX X aeaoessaldn) sneedoina snqo.jsojdA|9 250dM

100ys Ajes| [5VA'¢ LILX [¢ oeaoessaidn) snaedoina snqo.jsojdA|9 2S0dM

uajjod ‘auod ‘pass ‘yooys Ajes| GO}l €% X [94 aeaoessaldn) sneedoina snqo.jsojdA|9 250dM
Elie] X LILX oeaoessaldn) eueuay “Jo snssaidn) 1S0dM

j00ys Ajes| LILX X oeaoessaldn) eueuay “Jo snssaidn) 1S0dM

au09 ‘Jooys Ajes| Lr+E+T X X X oeaoessaldn) eueuays “yo snssaidnd 1S0dM

Jes| Iy LX aeaoessaldn) ‘ds snuooossaidn) 0S0dM

Quoo LX GX aeaoessaldn) eueuayJ euswodiin 670dM

paas GX €IoLX aeaoessaldn) eueuayJ euswodfin 670dM

100ys Ajesg) X X AR oeaoessaidn) eueusyJ eLWodAID 60dM

¢udjjod ‘auo9 ‘pass ‘Jooys Ajes| Y+E+T GX cloLX FAT24 aeaoessaldn) eueusyJ euswodAin 670dM
jooys Ajes| [ 4 GX aeaoessaldn) suedAosewey) 870dM

Quoo LX LX aeaoessaldn) suedAosewey) 870dM

paas 9% LIX oeaoessaldn) suedAfosewey) 8Y0dM

Jo0ys Ajes| ‘auod ‘pass Lh+E+T ox LLX GX oeaoessaldn) suedfoseweyn 8Y0dM
dieoopua LE+2 X oBadEUI0) I)YSOJ SNUI0D J¥0dM

dieoopua LE+T [ oBa0BUI0) eURJUOWIISIP SNUIOD 90dM

dieoopua LE+T X X oBaoBUI0) Irew snuio) SOdM

dieoopus z [ X sea0eulo) nuuewyosinap wnibuely r0dM

pass +C [ aeaoeIyIg|o ds eqye0 €Y0dM

w us|jod X X [ 2ea0e||IAD Jo seadelyia|) aeaoe||IAD/eBa2RIYIeID S0dM
usjjod 4 €X 28 SEdIE)SIO smsIo Zv0dM

uajjod % X X o9B90E)SID oB90E)SID 1¥0dM

Ny z X aeaoe||Aydojesa) wnssawqns wnjifydojera) 00dM

ug|jod ¥ LX X LX oeaoel)Se|e) xej[ej 'Jo sidosjosoin 6E£0dM

*pPIaNUNUOd 7 JqeL,

87



uajjod P+€ X pX X ex oeaoebe adAy-xay1 snasend 8/0dM

Jes| ¢ 1X oeaoebe saploinqo. snaiand 120dM

jes| € X LX oeaoebe eauejseoopnasd snaisny 9.0dM

jes| e ('19) 1x LIpX oeaoebe eauBLIB)IPaW SN2IBNYD G/0dM

a|ndno z 1X oeaoebe suie9 "uabans snaseny Lv20dM

(1) Jes| $Z+€ 1X oeaoebe 1AuIgny snaseny ¥20dM
;uajjod ‘Jes| iv+E X oeaoebe luossnb snbey €,0dM

Jea)| P+E+2 IX X Gx oesoebey Lobuiprey snbe 2L0dM

(m) (1) a|ndno GI0LX X 116X oeaoebe sjoljeanap snbe 2.0dM
uajjod X ox ex X oeaoebe snbeq | €70+2.0dM

(m) usjjod v X ex 1X X sesoebe eauejse) 1 L0dM
(m) uajjod v X 1X oeaoeqe sidosoid 020dM
Jes| LILX X oeaoeqe wndieoopod wnidieoopod 0.0dM

Jnuy X oeaoeqe wndieoopod wnidieoopod 020dM

JEETR T iv+e+T LILX X aeadeqe wndiesopod wnidieaopod 020dM

() Hny 4 X aeadeqe obeoipapy 690dM
(m) 1e9| ¢ 1X oeaoeqe Z "ds saysoujwnban 890dM
() usjjod V+E+2 X X X X sesoeqe ] sesdeqe /90dM
poss z ox 1X aeaoelqioydng lew snjojiepy 990dM

() usjjod X ex LX LX aeaoe|qioydng aeaoelgioydng 4990dM
Ny LX seade|WwWoong eaedo.ns eluwoony G90dM

(m) ug|jod LX 1X 1X seade|WWoony eluwoony G90dM
}ny ‘uajjod v+Z X LX 1X 1X aeade|Woony eluwoony G90dM

poes ox 1X oeaoeoly oeadeoly $90dM

uajjod X ox ex Gx oeaoeoly oeaoeoly $90dM

poaes ‘ug|jod 42 9x X 1X GX 94 GX oeadeoly 9eadeoly ¥90dM

pees z ox ex 1X aeaoeosieq seplojonelb easineq €90dM

dieoopus z LIGX 216X aeaoeladiD ‘ds wnipe;n 290dM

auayoe z LX aeaoeladiD soplosobLjs xaieD 190dM

auayoe z ox LX aeaoeladA) ejejjebeyy xeie) 090dM

a|o1IN z €1 LX aeaoeladA) JdAL-sniadAoopnesd xaie) 650dM

auayoe z 116X aeaoeladAD ejeoy|d xa1en 8G0dM

jooys Ajes| € Zx £x aeaoessaldn) eueines efny | /S0dM

2U02 1X 13X X oeaoessaldn) SOPIoILLIOJI[ES SIUIoRD] 950dM

() (1) jo0ys Ajes| 1X LIpX LiZX 6X oeaoessaldn) SOPIOILIODI[ES SIUIoRD] 950dM
2U02 ‘Jooys Ajes| iv+E+T Zx 13X LiZX 6X oeaoessaldn) SOPIOILIODI[ES SIUIoRD] 9G0dM

j00ys Ajes| ¢ 1X seaoessaldn) uopoAyoe.q siuloea] GS0dM

*pPIaNUNU0d 7 [qeL,




(1) us|jod ¥ [ sesoelwe siwojyd 160dM
nny z LX oeaoe|we wnapesn| o wniwe 060dM

dieoopua Al £x aeaoepue|bnp sisuabunquill eAiesoss}d 680dM

uajjod ex Gx X LIpX aeaoepue|bnp efiesois)d 680dM

Jes| % 9x seaoepue|bnp eoejsipeled eAies0ia)d 680dM

uajjod ‘dieoopus ‘Jes| P+E+T Al ex ex Gx X ox LipX aeaoepue|bnp eAieosols)d 680dM

uajjod X 9x clex GIGX aeaoepue|bnp eipseyjebug 880dM

uny LX ex LX oeaoepuelbnp esojdosoew eipseyiebusy 880dM

Y Jes| LX X oeaoepue|bnpe sisuabiags.o eipieyjpbuy 880dM
usjjod ‘diedopus ‘jes| PHE+T X X ex X clex X GJGX seaoepue|bnp elpieyjebuy 880dM

1e9| % £x aeaoepue|bnp efien /80dM

1Ny X X aeaoepue|bnp efien /80dM

() usyiod - ox ex GIox seeoepuelbnp efien /80dM
Jes| ‘uny ‘usjjod P+E+Z £x X X ox ex ex GIGX seaoepuelbnpe efien 280dM

usjjod LX 1X oeaoebelyixeg/oeaoeabueipAH | eesoebeljixeg/eeaoeabuelpAH £980dM

(m) JnJy ‘uajjod 42 X X X oeaoeabuelpAH ewbeiydoziyos/eabueipAH 980dM
Ny LX oeaoeabuelpAH eabueipAH "jo 980dM

() uajjod v LX X 1X aeadep|joweweH sisdojjolied G80dM
JINJj+paes €IGX aeadep|joWweweH efjolied $80dM

jes| A ('J0) 1 aesoepllpweweH ejjolied 80dM

() us|jod LX 1X 1X 1X aeaoEplloWeWeEH ejjolied #80dM
Je9| ‘Inuy+paas ‘uajjod p+E+Z €IGX LX LX X () 1x 1X aeaoeplloWeWeH ejjolied #80dM

JINJJ+poes X seaoepljoweweH sijsweweH £80dM

usjjod LX ex LX seaoepljoweweH sijpweweH £80dM

}nJy ‘pass ‘usjjod P+ LX 2 ex LX aeadepljoweweH sijpweweH £80dM

HNJj+pass X GX oeaoepllsweweH aeaoeplloweweH 280dM

Jes| LX 1X aeadep||oweweH aeadeplloweweH 280dM

() uajjod Zx Zx 2 aeadep||oWeweH aeadeplloWeweH 280dM
Jes| ‘pass ‘)nJj ‘usjjod Y+E+2 X GX X X X X aeaoepllsweweH seaodepljsweweH 280dM

Hny [ seaoepljewewley wnifisig 180dM

usjjod X X 1X ex seadepljoWeweH wnyAsig 180dM

yny ‘us|jod P+2 X ex X 1X £x seooep|[oWEWEH wnyfsia 180dM

jes| € X aesoe0ybuID seplojuelpe obxyul9 080dM

Jes| 2 LX 6X oeaoebed | seplouwey. sisdouejeqouobii| 6.0dM

a|ndnd Zx €1OX aeaoebe eyjueoexa sisdouejeqouobli| 6.0dM

a|ndno ‘jes) €+Z Zx €19X 6X aeaoebe sisdouejeqouobii| 6.0dM

*pPIaNUNUOd 7 JqeL,

89



(iif)
(iif)
(iif)
(iif)

(i) (iii)
(iif)
(iif)
(iif)
(iif)

Table 3. Quantitative evidence of the combination of plant
parts available for 100 “whole-plant” taxa (WP001 — WP100)
from the Messinian — Piacenzian sites of northern and central
Italy. See Table 2 for explanation of Whole-Plant Concept
(WPC) pattern.

pollen, seed, fruit, leaf

fruit+cupule, leaf
fruit+cupule, leaf

endocarp
leaf

leaf

leaf

leaf
endocarp
leaf
fruit+cupule
leaf
fruit+cupule
leaf

pollen

leaf

seed

seed

2+3
2+3
2+3

2+3+4

x3
x2
x1
x7
x2
x7
x2
x2
x5f1
x5f1
x4

x1
x1

x5f1
x1
x1
x1
x6f1
x1
x6
x6
x2
x1
x1
x5f1
x1
x5f1
x9

x2

x9f2
x1
x1
x8
x8
x2
x2
x2
x2

Lauraceae
Lauraceae
Lauraceae
Lauraceae
Lauraceae
Lauraceae
Lauraceae
Lauraceae
Lauraceae
Lauraceae
Lauraceae
Lauraceae
Lauraceae
Magnoliaceae
Magnoliaceae
Magnoliaceae
Magnoliaceae
Magnoliaceae

Cinnamomum costatum
Daphnogene polymorpha
Laurophyllum pseudoprinceps
Laurophyllum sp. 1
Laurus abchasica

Litsea sonntagii
Laurophyllum sp.

Ocotea

Ocotea

Ocotea heerii

Sassafras

Sassafras cf. ludwigii
Sassafras ferretianum
Liriodendron
Liriodendron
Liriodendron procaccinii
Liriodendron geminata
Magnolia ludwigii

WP092
WP0927?
WP093
WP094
WP095
WP096
WP0967?
WP097
WP097
WP097
WP098
WP098
WP098
WP099
WP099
WP099
WP099
WP100

Table 2. continued.

O
o

Combinations Nr. t‘:axa Notes Percentages
(species?)

Tto5 1 14 % taxa
(represented by
2+3+4 13 plus 14 dubious | more than two

parts)

2+3 1 plus 4 dubious 23 % taxa
3+4 2 plus 5 dubious | (represented by

244 10 two parts)

2 (carpological) 25 63 % taxa
3 (leaf) 25 (represented by
4 (pollen) 13 only one part)

Material. The CENOFITA database (Martinetto and
Vassio 2010, Martinetto 2015) contains seed records from 13
Italian localities, spanning from Zanclean to Gelasian; most
localities provided only one or a few seeds of 4. faveolata
(Text-fig. 4a), whereas a richer assemblage (104 specimens)
was collected from the Fossil Forest of the Stura di Lanzo
River (Martinetto et al. 2007a).

Remarks. The Actinidia faveolata whole-plant is
documented only by seeds. Absence of leaf, stem and
pollen materials (Text-fig. 4b—d) of Actinidia in the fossil
record does not permit an independent reconstruction of the
ancient seed-producing plant. A hypothetical whole-plant
reconstruction can be formulated on the basis of the similarity
of the seeds of 4. faveolata to those of the modern species 4.
arguta (Text-fig. 4e) and A. kolomikta (Kirchheimer 1957,
Lancucka-Srodoniowa 1966). Therefore, the whole-plant
of the European late Cenozoic can be reconstructed thanks
to our knowledge of these modern East Asian plants (line
of evidence ISA) and their phylogenetic framework (Chat
et al. 2004). Actinidia is a phylogenetically isolated genus,
therefore we can reconstruct the habitus of A. faveolata
simply by analyzing the habitus of the related living members
of this genus. 4. arguta and A. kolomikta are regarded as
basal species in the phylogenetic tree of Actinidia (Chat
et al. 2004), and these are woody climbers of medium to
large height, with spirally arranged deciduous ovate leaves,
bearing clusters of centimetre-sized berries containing
numerous seeds (Text-fig. 4f). Therefore, also the fossil 4.
faveolata, with very similar seeds, can be reconstructed as a
plant with such features.

Family Eucommiaceae ENGLER, 1907

Genus Eucommia OLIVER, 1890

Eucommia europaea whole-plant
Eucommia europaea MADLER (fruit); Eucommia (pollen);
possibly also cf. Eucommia (wood)

PL 1, Figs 1-4

Material. Fruits from Monte Tondo, Messinian (2
specimens). We also considered an almost complete fruit
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Text-fig. 6. Identity plate of the Taxodium dubium whole-plant. a) foliage shoot, Castelnuovo Don Bosco, Piacenzian (from Bertini
and Martinetto 2014). b) cone from Villafranca d’Asti — RDB Quarry, Piacenzian. ¢) remains of woody axes missing. d) seeds from
the same site. €) remains of amenta missing. f) Taxodium-type pollen from Rio Maior (photo by M. Vieira, Portugal: Vieira et al.
2018), Piacenzian. g) reconstruction of the Taxodium dubium whole-plant based on line of evidence ISA (drawing L. Macaluso).

Scale bar 10 mm for a, 1 mm for b, d and 20 pm for f.

specimen from the Calabrian site Stirone-Laurano (see
SP in Text-fig. 1). Even though other Pleistocene records
(Martinetto 2015) are not detailed here, it should be
mentioned that the recent report by Martinetto et al. (2015)
includes an early Gelasian occurrence from the Arda-
Castell’ Arquato —AD?3 locality (see CQ in Text-fig. 1), whose
age was estimated to be around 2.5-2.4 Ma. However, this
age was challenged by Crippa et al. (2016), who assigned
the deposits, just above the plant-bearing layer, to the base
of the Calabrian (i.e. around 1.8 Ma), whereas Monesi et
al. (2016) classified this interval as “not interpreted” from
a chronostratigraphic point of view. Pollen of Fucommia is
rare and found in just a few Messinian — Piacenzian sites.

Remarks. The occurrence of Eucommia in the
Neogene of Italy was mentioned by Giinther and Gregor
(1990) for the Piacenzian locality Santa Barbara, but
without description and illustration of the possible fruit
specimen (record to be verified). Recently, two fossil fruits
(not reported in Martinetto 2015, who described Pleistocene
specimens, nor in Teodoridis et al. 2015b) were detected
in the Messinian deposit of Monte Tondo. Despite their

incompleteness, the winged fruits can be definitely assigned
to Eucommia because they show an apparent reticulate
pattern of veins and latex filaments over the seed, and a
medial vascular strand separating the fertile carpel and the
vestigial infertile carpel (Call and Dilcher 1997). Only a
single almost complete fossil fruit (PL. 1, Fig. 4) was found
in Italy so far, and it originates from the late early Pleistocene
deposits of Stirone-Laurano.

All the determinable fruit specimens of the late Cenozoic
of Europe have been recognized as very similar to Eucommia
ulmoides (Tralau 1963, Call and Dilcher 1997, Kvacek et al.
2008, Manchester et al. 2009), but they were often assigned
to a fossil-species named Eucommia europaea MADLER,
whose actual distinction from the living biological species
Eucommia ulmoides has even been questioned (Tralau 1963).
However, the fruits of E. europaea are described as being
larger (Manchester et al. 2009) and the possible associated
leaves as more entire-margined (Kvacek et al. 2008) in
comparison to those in the single living species. Four other
fossil-species names have been applied to Cenozoic fossil
fruits (E. palaeoulmoides Baik. also to leaves) from Eastern
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Europe and Siberia (Zhilin 1974). Since there is no definite
evidence for the occurrence of more than one species of
Eucommia in the late Cenozoic of Central and Western
Europe, and all the available fruit material (Neogene and
Pleistocene) from Italy conforms to the characters of E.
europaea, we assign it to this fossil-species.

The picture of this possibly extinct “Eucommia europaea
whole-plant” is supported by the rare Neogene pollen grains
identified as “Fucommia” (Bertoldi and Martinetto 1995,
Bertini 2010). These occur more abundantly in the Italian
carly Pleistocene (Ravazzi 2003: 99), where also fossil
woods of cf. Eucommia have been reported (Pini et al.
2014), although no leaf remains were so far reported from
Italian sites. The various fossil remains are useful for the
reconstruction of the ancient whole-plant, but in reality the
strong similarity of the fossil and corresponding modern
parts suggests a close systematic affinity of E. europaea
to the modern plant E. ulmoides (Ying et al. 1993), whose
aspect can be assumed as a model for the “Eucommia
europaea whole-plant” (line of evidence ISA). Considering
that the family Eucommiaceae is very isolated within the
clades of Garryales (Stull et al. 2015), the only possible
habitus is the one of the single living species of this family:
trees with spirally arranged deciduous elliptic leaves and
samaroid fruits.

Family Juglandaceae DC. ex PErLEB, 1818
Genus Engelhardia LEscHENAUT ex BLUME, 1826

Engelhardia macroptera whole-plant
Engelhardia (sect. Palaeocarya) macroptera (BRONGNIART)
UNGER (fruit); Engelhardia
orsbergensis (P.WESSEL et C.O.WEBER) JAHNICHEN, MAI et
H.WartHER (leaf); Engelhardia (pollen)

Pl 1, Figs 8-11

Material. Fruit bracts from the Messinian of
Monte Tondo (2 specimens) and Tossignano (5), from the
Pliocene of Meleto (1) and Valle del Salto (1). Several fruits
without bracts from two Zanclean localities: Ca’ Viettone
and Sento. Leaflets from the pre-evaporitic Messinian
of Pollenzo (Bertini and Martinetto 2014: 1 specimen,
lost), Palena (Teodoridis et al. 2015a: 1 specimen), the
Damarco bed of the evaporitic Messinian of Govone (3
specimens, Palacontological Museum of Astigiano and
Monferrato). Pollen grains of Engelhardia are frequent in
several Messinian and Zanclean sites, but less abundant in
the Piacenzian (Bertoldi 1988, 1996, Bertoldi et al. 1994,
Bertoldi and Martinetto 1995, Bertini 2010 and references
therein).

Remarks. The attribution to the living genus
Engelhardia of rare fruits, fruit-bracts, leaves, and more
frequently pollen, found scattered in several Italian sites
of different ages, is the basis for the formulation of an
Engelhardia macroptera Whole-Plant Concept for the
Neogene of Italy, according to the line of evidence ISA. The
fruits are small thin walled nuts, represented in the sandy
sediments of a few Pliocene sites by just 1 to 3 specimens,
isolated from any other Engelhardia remains, being more
abundant only at the Ca’ Viettone site (Martinetto and Vassio
2010, Martinetto et al. 2018). In fine-grained sediments
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the nuts are sometimes accompanied by characteristic
involucres consisting of three apical triveined lobes and
one basal, opposite small lobe enveloping the nut (3 to 5
mm in diameter). In Italy the involucres have been reported
from Messinian (Bertini and Martinetto 2008) and Pliocene
sites (Fischer and Butzmann 2000), as well as from Valle
del Salto, a site of uncertain Pliocene or Pleistocene age
(Chiarini et al. 2009). Similar fruits in the European
Oligocene and Miocene are accompanied by leaflets with
finely serrate margins and a sessile asymmetrical base,
which are assigned to Engelhardia orsbergensis (Kvacek
2007, Teodoridis et al. 2015b). In Italy only a few leaflet
specimens were reported, often with uncertain identification
(Bertini and Martinetto 2014, Teodoridis et al. 2015a,
Cimino et al. 2016). In this paper we confirm the occurrence
of leaflets in the Damarco bed of Govone (Cimino et al.
2016) because of two new specimens that show diagnostic
characters pointing to Engelhardia orsbergensis. Pollen
grains identified as “Engelhardia” (Bertini 2010, Magri et al.
2017 and references therein) or “Engelhardia/Platycarya-
type” (Bertoldi 1988, 1996, Bertoldi et al. 1994, Bertoldi
and Martinetto 1995) can be tentatively referred to the same
whole-plant on the basis of the line of evidence ISA.

Because all the members of the FEngelhardia
phylogenetic clade (Zhang et al. 2013), including Alfaroa
and Oreomummea, are trees of medium to large height, with
opposite deciduous imparipinnate leaves and catkins of
centimetre-sized nut-bearing bracts, the fossil Engelhardia
macroptera whole-plant would also share this kind of
habitus.

Family Simaroubaceae DC., 1811
Genus Ailanthus DESFONTAINES, 1786

Ailanthus confucii whole-plant
Ailanthus confucii UNGER (fruit); possibly also cf. Ailanthus
pythii (UNGER) Kovar-EDER et Kvacek (leaf)
PL 1, Figs 5-7

Material. Leaflets of cf. Ailanthus pythii from
Monte Tondo (14 specimens) and Tossignano (2 specimens)
(Teodoridis et al. 2015b). A single fruit of Ailanthus confucii
from Monte Castellaro. All findings from Messinian sites
dated within the time range 6.5-5.6 Ma.

Remarks. A single fruit of Messinian age, reported
for the first time in this paper, testifies to the occurrence of
the fossil-species Ailanthus confucii in the Cenozoic of Italy.
It is 33 mm long, has a v-shaped acute stylar scar in the
middle of the seed, and an apparent ventral vein (see Su et
al. 2013 for terminology). The distinction between fruits of
A. confucii and those of the modern species 4. altissima is
not straightforward, the single differential character seems
to be the acute versus obtuse fruit base (Su et al. 2013);
additionally, the deeper and acute stylar scar in A. confucii
should be evaluated as a character not present in 4. altissima.
Leaves from another Messinian site, identified as “cf.
Ailanthus pythii” (Teodoridis et al. 2015b), may doubtfully
be referred to the same ancient whole-plant because they are
comparable with the type material from the middle Miocene
site Parschlug (Kovar-Eder et al. 2004). However, the
assignment may not be without problems as the leaves are



also similar to “Sapindus” falcifolius (A.BRAUN) A.BRAUN
(Teodoridis et al. 2015b). Leaflets of the same morphology
were described as Ailanthus mecsekensis by Hably (2001)
from a fossiliferous layer at Magyaregregy in Hungary, with
a mass occurrence of fruits assigned to Ailanthus confucii.
The fruit from Monte Castellaro is smaller than the largest
Hungarian fossil fruits, but it fits within the range of size
variation reported by Corbett and Manchester (2004) for this
fossil-species which had a circumboreal distribution from
the Eocene to the Miocene.

All members of the Ailanthus phylogenetic clade
(Clayton et al. 2009) are trees of medium to large height,
with opposite deciduous imparipinnate leaves, bearing
clusters of centimetre-sized samaroid fruits. Because the
genus Ailanthus is a significantly isolated clade, distinct from
the sister taxa, the fossil Ailanthus confucii whole-plant was
also certainly a tree with similar features (line of evidence
ISA), and most probably shared several characteristics with
the modern plant Ailanthus altissima (Kowarik and Saumel
2007).

Discussion and conclusions

The updated Bertini and Martinetto (2011) database
which we analysed included fossil records of several tens of
taxa from northern and central Italy, represented by different
organs. The difficulty with applying the Whole-Plant
Concept to the fossil flora of a broad area is emphasised
by the relevant occurrence (63 %) of taxa represented by
a single type of plant part. Moreover, the taxa represented
by three kinds of organs were relatively rare, and only one
taxon showed an almost complete combination of parts: the
“Glyptostrobus europaeus whole-plant” (Vassio et al. 2008).

The main source of uncertainty was the different degree
of taxonomic resolution: carpological remains, leaves and
woods were often assigned to definite species or fossil-
species, but pollen was mostly identified at genus (or family)
level. In fact, pollen morphology often does not provide the
same degree of systematic resolution as macroremains, even
when a “formal” pollen nomenclature is applied (e.g. Stuchlik
2001). In addition, for several leaf and carpological remains
the assignment to definite species has not yet been assessed
(e.g. Alnus, Apiaceae, Caryophyllaceae, Chenopodiaceae,
Ericaceae, etc.) or it is even potentially impossible.

In conclusion, the Messinian — Piacenzian macrofossil
and pollen records of north and central Italy provided a useful
database for a quantitative application of the Whole-Plant
Concept. The interpretation of several isolated fossilized
plant parts allowed us to hypothesize combinations of
pollen, foliage and reproductive structures under collective
whole-plant taxa. A random selection of 100 taxa allowed us
to analyse quantitatively the fossil flora from the viewpoint
of the available assemblage of parts for each ancient whole-
plant. Nearly 2/3 of the hypothetical whole-plant taxa (63 %)
turned out to be represented by a single part (reproductive
structure or leaf), and only 14 % were represented by more
than two parts. We do not know to what extent the results
obtained in the particular situation we studied could be
extended to the palacofloras from other time slices and sites
worldwide. However our results suggest that the whole-

plant taxa reconstructed by assembling several fossil parts
may represent a small proportion of the palaecobiodiversity
of terrestrial plants.
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Explanations of plates

PLATE 1

Plant fossils from the Messinian — Piacenzian of Italy. Scale
bar 10 mm, apart Fig. 5b = 1 mm, and Fig. 9 = 20 pm.
MSF = catalogue numbers of the Museo Civico di
Scienze Naturali of Faenza.

Eucommia europaea MADLER

1. Imprint of a fossil winged fruit with no margin preserved.
From Monte Tondo, evaporitic Messinian, MSF2036
(photo M. Sami).

2. Compressed fossil fruit with small portion of margin
preserved. From Monte Tondo, evaporitic Messinian,
MSF2037 (photo M. Sami).

3. Fossil fruit, counterpart of the specimen in Fig. 2. (photo
M. Sami).

4. Fossil fruit, from Stirone-Laurano, Calabrian, Museum
of Fossils of Fidenza B1-13 (photo A. Orzi).

Ailanthus confucii UNGER

5a. Fossil fruit from Monte Castellaro, Messinian, Museo
Paleontologico “L. Sorbini” of Fiorenzuola di Focara
(photo E. Camporesi).

5b. Detail of the attachment of the vascular bundle to the
seed.

cf. Ailanthus pythii (UNGER) KovarR-EDER et KvACEK
6. Fossil leaf from Tossignano MSF218 (photo M. Sami).
7. Fossil leaf from Monte Tondo, Messinian, MSF1520
(photo M. Sami).

Engelhardia orsbergensis (P.WESSEL et C.O.WEBER) JAHNICHEN,
Mai et H-WALTHER
8. Fossil leaf from Pollenzo pre-evaporitic Messinian.

Engelhardia
9. Fossil pollen grain from Banengo, Messinian (photo A.
Bertini).

Engelhardia (sect. Palaecocarya) macroptera (BRONGNIART)

UNGER

10. Fossil trilobate bract with fruit impression, from Borgo
Tossignano, evaporitic Messinian, MSF30 (photo M.
Sami).

11. Fossil of part of the bract bearing half of the fruit inside,
split along the primary septum, from Borgo Tossignano,
evaporitic Messinian, MSF246 (photo M. Sami).
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