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Abstract. This work represents the first interdisciplinary approach on the relationship between travertines (as 
discharges of terrestrial geothermal fields related to the Neogene magmatism and active faulting) and plant 
fossils in Greece. The present contribution brings the first scientific data for the Quaternary – Pleistocene – 
Holocene palaeoflora of Zakynthos Island based on leaf imprints. Nine fossil plant taxa are identified for 
the first time on this island, eight of them are new for the Greek Quaternary and five of them are identified 
for the first time in Greece: Equisetum aff. fluviatile, Laurus nobilis L. foss., Ocotea cf. heeri, Populus nigra, 
Cydonia aff. oblonga.
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Introduction 

Zakynthos Island is situated in the Western Greece, it 
belongs to the Ionian Islands situated at the western 
margins of the Hellenic arc. It is the third largest of 
the Ionian Islands and covers an area of 405.55 km2. 
This study focuses on the palaeobotanical findings 
from the area of Porto Zorou (SE Zakynthos Island).

The geology of the island has been studied by 
several scientists (Dermitzakis 1977; Triantaphyllou 
1996; Zelilidis & al. 1998; Papanikolaou & al. 2011; 
Karakitsios & al. 2013, 2016, 2017), consisting of 
Alpine rocks belonging mainly to the Pre-Apulian 
(Paxos) and partly to the Ionian. According to the 
above-mentioned scientists the Pre-Apulian zone 
in Zakynthos Island consists of upper Cretaceous 

to Pleistocene sediments, while the Ionian zone is 
represented by Triassic breccias and gypsum. These 
sediments are followed by similar Neogene and 
Quaternary deposits as those of the Pre-Apulian 
zone, which are however less thick and character-
ized by unconformities. The recent works by Karak-
itsios & al. (2013, 2016, 2017) in Zakynthos Island 
showed the influence of the diapiric movements of 
the Ionian Triassic evaporites on the configuration 
and the overall subsidence of the Zakynthos fore-
land basin and the Messinian Salinity Crisis expres-
sion in this area, as well as the subsequent evolution 
of the Basin.

The studied area of the present paper is close to 
Porto Zorou normal fault (Fig. 1). According to Ze-
lilidis & al. (1998) the southeastern part of Zakyn-

mailto:dmantzouka@geol.uoa.gr
mailto:vkarak@geol.uoa.gr
mailto:vladimir_bozukov@yahoo.com
mailto:argyrakosg@yahoo.gr


128 Mantzouka, D. & al. • First report of palaeobotanical remains from Zakynthos, Greece

Fig. 1. Geological map of Zakynthos Island (modified from Karakitsios & al. 2017) with the fossiliferous travertine formation of Porto 
Zorou (studied area) indicated with a rectangle. 



129Phytol. Balcan. 25(2) • Sofia • 2019 

thos Island (and Porto Zorou area) has a Plio-Pleis-
tocene age and is divided in five Formations: Agios 
Nikolaos, Porto Roma, Kalogeras, Gerakas, Akra Da-
via. Our material is probably belonging to the Upper 
Pleistocene of Porto Zorou, which is part of the lower 
tectonic block of the Porto Zorou normal fault that 
is now covered partially by the sea, presented as near 
shore isolated rocks. The hosting rock of the leaves 
consists of travertine, which is actually considered 
(Pentecost, 2005) as a chemically-precipitated con-
tinental limestone formed around seepages, springs 
and along streams and rivers, occasionally in lakes 
and consisting of calcite or aragonite. 

Material and Methods

The specimens were collected from Porto Zorou ar-
ea. The leaves imprints were photographed with a 
Panasonic Lumix and Canon EOS camera.

Among the recovered specimens leaf impressions, 
mostly fragmented prevail.

The studied plant material is housed in the collec-
tion of the Department of Historical Geology-Palae-
ontology, Faculty of Geology and Geoenvironment, 
University of Athens. The specimens are numbered 
and the frontal letters of their codes (ZPZ) refer to 
the island of Zakynthos and the Porto Zorou section.

The determination of leaf types followed the 
scheme for leaf morphology of the angiosperms 
plants of Dilcher (1974). The arrangement of the cor-
responding taxa in the systematic part of the article 
follows the scheme for Magnoliophyta of Takchtajan 
(1987).

Results 

Fourteen plant imprints were studied. Eleven of them 
are Magnoliophyta leaf imprints of varying degrees 
of conservation and three are horsetail stem im-
prints. These imprints are situated on five rock frag-
ments. The preserved leaf morphology allowed us to 
establish seven plant taxa. Because of the fragmen-
tation of most of the material investigated, we have 
used combinations that allow for some approxima-
tion to fossil and recent species. To mark the prox-
imity to fossil taxa, we have used the abbreviation cf., 
and aff. to the recent ones. 

Equisetophyta

Equisetaceae, Equisetum L.

Equisetum aff. fluviatile L. (Pl. 1, Fig. 5).
Material: Two stem imprints.
The fossil material consists of a transversal sec-

tion of two stems impressions (0.5 cm in diameter). 
Judging by the preserved ribs, it can be assumed that 
the number of all is over 30. Based on the stem’s size 
and the ribs’ number, it could be suggested that this 
specimen is related to the contemporary E. fluviatile 
L. which ranges throughout the temperate Northern 
Hemisphere.

Members of the genus Equisetum are commonly 
found into sediment basin layers, because of the spe-
cific habitat of the species of this genus – humid envi-
ronments or coastal areas.

Equisetum sp. (Pl. 1, Fig. 6)
Material: One stem imprint. 
The fossil material consists of an oblique section 

of a stem impression (0.2 cm in diameter). Judging by 
the preserved ribs, it can be assumed that the num-
ber of all is approximately eight. Based on the stem’s 
size and the ribs’ number, it could be suggested that 
this specimen is related to two contemporary species 
E. palustre L. or E. arvense L. For this reason, we pre-
fer to define this material as a genus. Equisetum sp. has 
been reported from several Greek localities (Velitze-
los & al. 2014) including: Makrilia (SW Crete, Middle 
Tortonian), Pitsidia (S. Crete, Tortonian), Patra (Pelo-
ponnese, Pliocene), Eastern Kos (late Miocene).

Magnoliophyta

Lauraceae, Laurus L.

Laurus nobilis L. foss. (Pl. 1, Fig. 7)
1935. Stefanov & Jordanov, p. 48, Pl. 16, Fig. 8; Fig.-
text 45.
1984. Kitanov, p. 53, Fig. 8.5.
1974. L. nobilis L., Imchanitzkaja in Takchtajan, p. 44, 
Pl. 20, Figs 3-4.
1959. Laurus cf. nobilis L., Andreanszky, p. 65, Pl. 13, 
Fig. 2; Fig.-text 21.

Material: Four leaf imprints. 
The fossil material consists of three leaf impres-

sions. The first one preserves the lower half of its 
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leaf lamina (2.2 cm length and 1.0 cm width), while 
the other two preserve their medial sections (2.0 cm 
length and 1.0 and 0.8 cm width). The leaf lamina’s 
form is elliptical, while the saved base is cuneate. The 
leaf margin is entire. The venation type is brochidodr-
omous, where the secondary veins (five to six pairs) 
are angled in 40–45° according to the midvein. Inter-
secondary veins are also registered and they are de-
veloped almost between all secondary ones. The fossil 
of this species is known from a sediment dated to the 
late Pontian – early Dacian from Bulgaria (Stefanov & 
Jordanov 1935, Kitanov 1984) and Pontian, Pliocene 
and Pleistocene in Georgia (Imhanitskaya 1974). Sim-
ilar material is known from the Sarmatian in Hungary 
(Andreanszky 1959), while the recent species exists in 
the Mediterranean.

Litsea Juss.
Litsea cf. primigenia (Unger) Takhajan (Pl. 1, Fig. 3)
1963. Litsea primigenia (Unger) Takhtajan, p. 202, Pl. 
6, Fig. 9.
1987. Palamarev & Petkova, p. 39, Pl. 9, Figs 2, 4; 
Pl. 10, Fig. 9.
2014. as Lauraceae vel Fagaceae gen. et spec. indet, Ve-
litzelos & al., p. 67.
1850b. Laurus primigenia Unger, p. 38, Pl. 40, Figs 1-4.

Material: Two leaf imprints. 
The fossil material consists of two impressions of 

narrow elliptic leaves. The apex of the leaf lamina of the 
first specimen (4.5 cm length and 1.5 cm width) is not 
preserved. The apex of the second specimen (4.0 cm 
length and 1.5 cm width) is not preserved either, but it 
consists of the upper half of the leaf. The venation type 
is brochidodromous, where the sum of the preserved 
secondary vein pairs is six with an angle of 50° accord-
ing to the midvein. The first pair of secondary veins sit-
uated at the leaf ’s base is angled in 30°. The majority of 
the secondary veins showed intersecondary veins de-
veloped in-between them; in addition the tertiary veins 
are perpendicular to the secondary ones. According to 
the above mentioned morphological data, it could be 
concluded that the leaf impression could be related to 
L. primigenia, but because of the fragmentary material 
is could be identified as Litsea cf. primigenia. The fossil 
species distribution covers Central, East and South-east 
Europe. Its stratigraphic sequence relates to Lower Eo-
cene – Upper Miocene. L. cubeba (Lour.) Pers. has been 
accepted as its nearest living relative (Palamarev & Pet-
kova 1987).

Ocotea Aubl.
Ocotea cf. heeri (Gaudin) Takhtajan (Pl. 1, Fig. 2)
1963. Ocotea heeri (Gaudin) Takhtajan, p. 199.
1987. Palamarev & Petkova, p. 36, Pl. 10, Figs 3, 6, 8.
1858. Oreodaphne heeri Gaudin in Gaudin & Strozzi, 
p. 35, Pl. 10, Figs 5-9; Pl. 11, Figs 1-7.

Material: One leaf imprint.
The fossil material consists of an elliptical leaf im-

pression, with 2.2 cm length and 1.5 cm width prob-
ably. The apex and the base of the leaf blade are not 
preserved and this is why an absolute identification 
of the fossil is not possible. The leaf margin is entire, 
the secondary veins are angled in 40° according to the 
midvein and the venation type is brochidodromous. 
Based on this morphology, it could be suggested that 
the species relates to O. heeri. In support to this iden-
tification is also the lower angle of the first pair of sec-
ondary veins (30°) according to the midvein, than the 
rest secondary veins. The direction of the first pair of 
secondary veins suggests that they are diverging from 
a single point. These features are characteristic for the 
nearest living relative of the fossil O. foetens (Ait) Baill, 
despite its polymorphism of the leaf lamina. This spe-
cies exists in Macaronesia. The fossil species distribu-
tion covers South-west, Central, South and South-east 
Europe. Its stratigraphic sequence is Upper Oligo-
cene – Upper Pliocene (Palamarev & Petkova 1987).

The only report of Ocotea from Greece (Velitzelos 
& al. 2014) is: cf. Lauraceae [as Ocotea laurifolia Vas-
silevskaja identified in Butzmann & al. (2007)] from 
Rupelian-Chatian age, Evros.

Platanaceae, Platanus L.
Platanus cf. leucophylla (Unger) Knobl. (Pl. 1, Fig. 1)
1971. Platanus leucophylla (Unger) Knobl., p. 267.
2002. Kvaček & al., p. 58, Pl. 5, Figs 1-2.
1850a. Populus leucophylla Unger, p. 417.
1852. Unger, p. 118, Pl. 44. Figs 7-8.
1964. Platanus platanifolia (Ettingsh.) Knobl., p. 601.
1984. Kitanov, p. 53, Fig. 8: 1.
1987. Palamarev & Petkova, p. 52, Pl. 15, Fig. 2.

Material: One leaf imprint.
The fossil material consists of partially preserved 

leaf base of low sized leaf (0.8 cm length and 1.0 cm 
width). It is very likely that before the process of 
fossilization it has not yet reached its mature size. 
Despite this, based on the morphological features 
of the specimen, it could be identified as Platanus 
cf. leucophylla. The preserved section identifies the 
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Fig. 1. Platanus cf. leucophylla (ZPZ-1a); Fig. 2. Ocotea cf. heeri (ZPZ-1b); Fig. 3. Litsea cf. primigenia (ZPZ-2a); Fig. 4. Cydonia aff. oblonga 
(ZPZ-1c); Fig. 5. Equisetum aff. fluviatile (ZPZ-1d); Fig. 6. Equisetum sp. (ZPZ-3a); Fig. 7. Laurus nobilis foss. (ZPZ-1e); Fig. 8. Populus 
alba (ZPZ-3b); Fig. 9. Populus nigra (ZPZ-3c) (measuring bar 1 cm).

Plate 1. 
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leaf lamina as trilobate and there were prominent 
central vein and basal veins. The secondary veins 
of the right basal vein are also very prominent and 
straight; this is typical rather for genus Platanus, 
than for genus Acer or species of the Vitaceae family. 
The basal veins are angled in 30° according to the 
midvein. This is identical to the fossil P. leucophylla 
from the Late Miocene flora of Vegora (Kvaček 
& al. 2002). In support of this identification is the 
preserved part of toothed leaf margin which is a 
serration related to this species. The fossil species 
distribution includes South-west, Central and 
South-east Europe. Its stratigraphic sequence covers 
the Lower Oligocene – Upper Pliocene. The North-
American P. occidentalis L. has been accepted as the 
nearest living relative (Palamarev & Petkova 1987). 
This species is distributed in the southeast states of 
the United States. In its native range, it is often found 
in riparian and wetland areas.

Platanus leucophylla is a widespread species in the 
Greek Neogene flora (Velitzelos & al. 2014) reported 
from 1) the Upper Miocene of Prosilio, Likoudi and 
Drymos (N. Greece), 2) the Middle to Upper Mio-
cene of Nennita, Chios island (previously identified 
as Platanus aceroides Göppert), 3) the Upper Mio-
cene of Strymon basin, previously described as Pla-
tanus platanifolia (Ettingshausen) Erw. Knobloch, 
4) Pitsidia (S. Crete, Tortonian) as Populus populi-
na (Brongniart) Erw. Knobloch vel Platanus leuco-
phylla (Unger) Erw. Knobloch [previously described 
as Populus crenata Unger], 5) the Pliocene of Patra 
(Peloponnese), 6) the Upper Pliocene of Megalopolis 
(Velitzelos & al. 2014).

Salicaceae, Populus L.
Populus alba L. (Pl. 1, Fig. 8)
1929. Populus alba L., Stojanoff & Stefanoff, p. 28, Pl. 
4, Figs 5-6; Figs-text 7, 4, 6.
2005. Gabrieyan & Gohtuni (in Budantsev), p. 143, Pl. 
78, Figs 4-8; Figs-text 81, 1-4.
1993. Populus populina (Brongniart) Knobloch (= 
Populus latior Al. Braun), Velitzelos, p. 10.

Material: Two leaf imprints.
The fossil material consists of a basal fragment of 

leaf with dimensions 2.0 cm × 1.5 cm and an almost 
whole preserved leaf – 3.0 cm length and 2.5 cm 
width. The whole width of the leaf lamina is approx-
imately 3.0 cm. The leaf lamina form is very wide 
ovate. The apex is acute. The base is most proba-

bly cordate. The leaf margin is partially preserved, 
but it is clearly visible that it is irregular serrate. Big-
ger teeth are acute, smaller ones are obtuse. Sinuses 
between teeth are rounded. The venation is brochi-
dodromous. Secondary veins are in four pairs, ar-
ciforming, at an angle of 50° towards the midvein. 
Tertiary veins form random reticulate pattern. All 
registered veins are sinuous, identically to the recent 
species. 

The fossils of P. alba have been registered in Bul-
garia and West Asia in sediments dated to the late 
Pontian – early Dacian (Stojanoff & Stefanoff 1929) 
and Pliocene – Middle Pleistocene (Budantsev 2005). 
Palamarev and Petkova (1987) interpret some of the 
available data as related to the fossil finds of P. alba 
in Europe and they place them as synonymous to P. 
alba – pliocenica Saporta. The described by Palamarev 
& Petkova (1987) leaf laminas are of ovate form, while 
the reviewed here fossil specimen suggest wide ovate 
form as the one presented by Stoja noff & Stefanoff 
(1929). P. alba is native to Morocco and the Iberian 
Peninsula through Central Europe (north to Germany 
and Poland) and Central Asia. It grows in humid en-
vironments, often by watersides, in regions with hot 
summers and cool to mild winter temperatures. It rep-
resents a riparian forest.

In Velitzelos & al. (2014: Plate 32, Fig. 11) there 
is a picture of Populus alba as Populus sp. as a repre-
sentative of a small fossil assemblage of late Pliocene 
age from Megalopolis. The first reference of this as-
semblage and this fossil (reported as Populus populina 
(Brongniart) Knobloch) was made in Velitzelos (1993) 
and it was not accompanied with a photo/figure/plate 
and a detailed description. 

Populus nigra L. (Pl. 1, Fig. 9)
1935. Stefanoff & Jordanoff, p. 31, Pl. 7, Fig. 4; Fig.-
text 30.
1956. Kitanov & Nikolova, p. 89, Fig.-text 4.

Material: One leaf imprint
The fossil material consists of an almost whole 

preserved leaf – 3.0 cm length and 2.2 cm width. 
The whole width of the leaf lamina is approximate-
ly 3.0 cm. The leaf lamina form is very wide ovate. 
The apex is acuminate. The base is most probably 
cordate. The leaf margin is partially preserved, but 
it is clearly visible that it is regular serrate. Teeth 
are with obtuse apical angle and rounded sinus-
es between them. Basal veins form an angle of 50° 
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towards the midvein. The secondary veins are in 
four pairs, arciforming, at an angle of 60° towards 
the midvein. They are almost straight or arciform. 
Some of them bifurcate. Tertiary veins form percur-
rent pattern.

Fossils of P. nigra have been registered in Bulgar-
ia in sediments dated to the late Pontian – early Da-
cian (Stefanoff & Jordanoff 1935) and Romanian (Ki-
tanov & Nikolova 1956). Fossils associated with this 
recent species are known from the Hungarian Sar-
matian – Populus cf. nigra (Andreanszky 1959) and 
Late Miocene of Greece – Populus sp.2 (Kvaček & al. 
2002). An interesting fact is that in the late Miocene 
flora of Vegora (Greece), taxa have been established 
related to both the P. alba (Populus sp.1) and P. ni-
gra (Populus sp.2) (Kvaček & al. 2002). P. nigra has a 
large distribution area throughout Europe (without 
its northern parts) and is also found in northern Af-
rica and central and west Asia. The distribution ar-
ea also includes the Caucasus and large parts of the 
Middle East. This species grows in low-lying areas of 
moist ground (flood-plain forests and riparian eco-
systems, Richardson & al. 2014:95).

Rosaceae, Cydonia Mill.
Cydonia aff. oblonga Mill. (Pl. 1, Fig. 4)
1935. C. vulgaris Pers.; Stefanoff & Jordanoff, p. 57, Pl. 
20, Fig. 4; Fig.-text 54.
1956. C. oblonga Mill.; Kitanov & Nikolova, p. 104, Pl. 
7, Fig. 1; Fig.-text 17.

Material: One leaf imprint.
The fossil material consists of a base of a wide 

ovate leaf lamina (1.3 cm length, 2.7 cm width) with 
an entire leaf margin and cordate base. The second-
ary veins are angled in 50° according to the central 
one. There are brochidodromous veins originating 
from the basal veins towards the leaf lamina mar-
gin. Similar characteristic features are related to the 
leaves of Cydonia oblonga. Because of the insuffi-
ciency of the material, the specimen was identified 
as Cydonia aff. oblonga Mill. The fossil of C. oblon-
ga has been registered in the Sofia basin (Bulgar-
ia) and was dated to the late Pontian – early Dacian 
(Stefanov & Jordanov 1935) and Romanian (Ki-
tanov & Nikolova 1956); it was also found in Plio-
cene sediments from Romania (Pop 1936). Today it 
is commonly accepted that the recent species orig-
inates from South-west Asia and it is widely grown 
as a cultural plant.

Discussion 

This paper presents preliminary results of a study dur-
ing which a new locality of palaeobotanical interest 
was discovered in Porto Zorou area in Zakynthos Is-
land. The study of the collected samples brings new 
data to the Quaternary of Zakynthos Island and of 
Greece, since, the review of the palaeobotanical record 
of Greece (Velitzelos & al. 2014) during the Pleisto-
cene includes until now only the areas of: Megalopo-
li (Arcadia, Peloponnese), Rhodes, Kos and Santorini 
(South Aegean). As stated recently in Mantzouka & al. 
(2019) several inconsistences remain concerning the 
palaeobotanical research in Greece. By conducting 
this study we would like to contribute to the palaeobo-
tanical research in Greece, by illuminating new plant 
fossiliferous localities of interest related with the find-
ings’ identification, with the age and the palaeoenvi-
ronment and palaeoclimate they represent.

The species identified in the present paper be-
long to a travertine formation in Porto Zorou area, 
SE Zakynthos Island with a late Pleistocene age, or 
younger. 

The studies of Greek travertines include the areas 
of Aidhipsos (Anagnostidis & Golubic 1966), Edhes-
sa, Naoussa (Faugeres 1981, regarded as “tufa” sensu 
Ford & Pedley 1996), Sidirokastro, Rhodope Moun-
tains and northern Greece (Vavliakis & al. 1983) and 
more recently to Attica (Kampouroglou & Econo-
mou-Eliopoulos 2016) and northern Euboea Island 
and Sperchios area (Kanellopoulos & al. 2017), while 
their occurrence on a substantial scale has been stud-
ied in detail in Turkey as a result of Quaternary vol-
canic activity, e.g. Pammukale (Pentecost 1995).

This work represents the first interdisciplinary ap-
proach on the relationship between travertines (as dis-
charges of terrestrial geothermal fields related to the 
Tertiary-Quaternary magmatism and active faulting) 
and plant fossils in Greece.

This is the first identification of plant fossils from 
Zakynthos Island and the first report of the taxa Equi-
setum aff. fluviatile L., Laurus nobilis L. foss., Litsea cf. 
primigenia (Unger) Takhajan, Ocotea cf. heeri (Gaud-
in) Takhtajan, Platanus cf. leucophylla (Unger) Knobl., 
Populus alba L., P. nigra L. and Cydonia aff. oblonga 
Mill. for the Quaternary of Greece. Studies on the pal-
aeoflora of Zakynthos Island should continue. If new 
and well-preserved material confirms the presence of 
the species Litsea primigenia, Ocotea heeri, Platanus 
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leucophylla, this will mean that the stratigraphic range 
of these species will be expanded to the Upper Pleisto-
cene – Holocene.

Concerning the plant fossils, the relationship be-
tween plants and travertines is a challenging topic 
(Pentecost 2005) and the connection between plant 
assemblages in fossiliferous travertine and the palaeo-
climatic interpretation of the area has been also a sub-
ject of discussion in palaeobotanical research (e.g. for 
the case study of Murviel-lès-Béziers in Kovar-Eder & 
al. 2006).

The geological reinvestigation of well-known plant 
fossiliferous localities and its correlation with a trav-
ertine formation could lead to the reappraisal of the 
potential origin of the material/fossiliferous stratum 
(from a geological/palaeoenvironmental point of 
view) along with new palaeobotanical findings (as in 
a recently published study by Koutecký & al. 2019).

Moreover, Pentecost (2005) includes as an exam-
ple of the occurrence of plant impressions in traver-
tines the finding of laurels (e.g. Laurus nobilis) from 
the Pleistocene and Holocene of Europe (especially 
from Italy and Malta, Pentecost 2005: 255). The latter 
species has been identified also in the present paper.

According to Ali & al. (2014) the native status of cer-
tain species can be enlightened by the leaves’ impres-
sions preserved in the travertine systems, as in the case 
of white poplar (Populus alba). Roiron & al. (2004) has 
investigated the occurrence of P. alba in travertine for-
mations from the continental Europe (Weimar, Burg-
tonna) and Mediterranean since Pleistocene (e.g. 
southern France: Meyrargues, Aygalades, Spain: Be-
ceite, Italy: Oriolo and Rome, Algeria: Algiers). 

The present paper includes the first identification 
of Populus alba for Greece and supports the hypoth-
esis that P. alba is an autochthonous species in cen-
tral Europe and Mediterranean regions, at least since 
the Middle Pleistocene, not introduced in the western 
Mediterranean by Roman colonization (Roiron & al. 
2004). The present study represents the first evidence 
of the indigenous status of this species also in the east-
ern Mediterranean Basin.

Moreover, an accurate date of the fossiliferous trav-
ertine formation of Zakynthos Island is crucial for the 
investigation of the occurrence of P. alba during the 
last ice age (Würm) in southern Europe. According to 
Roiron & al. (2004) the scarcity of travertine forma-
tions during the Würm period could be responsible 
for the absence of this species during this period. On 

the other hand, P. alba is not sensitive to cold, so it’s 
presence during this period is possible.

Concerning the occurrence of P. nigra at the trav-
ertine formation, a similar case was the co-existence 
of P. alba and P. nigra from the Holocene of Saint-
Guilhem-le-Désert (France, Hérault) (Roiron 2004; 
Ali & al. 2008) which had illuminated the hypothesis 
of a semi-humid environment (Lecoeuvre & al. 2008).

The colonization routes of black poplar in Europe 
have been studied through the EUFORGEN Network 
(Cottrell & al. 2005) taking into account the chloro-
plast DNA derived from the genebank collections of 
11 laboratories in 9 countries (unfortunately the fact 
that Greece is not included in the above mentioned 
research could be crucial for the results). The occur-
rence of Populus nigra in Zakynthos Island as dis-
cussed here, should be of importance concerning al-
so the distribution of the species.

The importance of palaeobotanical studies and of 
the right species’ determinations is also pointed out 
in the present work. Equisetum has preserved its eco-
physiological behavior (e.g. tolerance in high salini-
ty, alkalinity, and heavy metal concentrations due to 
the vicinity with hot springs’ environments) for the 
last 150 Ma (Channing & al. 2011). Fossil Equisetum 
species are indicators of specific habitat, paleoecology 
and paleoecophysiology reconstructions, representa-
tives of physical and chemical conditions of modern 
hot spring systems, because this genus “enables the 
recognition of paleoflow directions from hot spring vent 
areas, across sinter aprons to geothermal wetlands, and 
from there into either peripheral terrestrial or lacustrine 
clastic depositional environments”(Guido & al. 2010).

Moreover, the present paper encourages the in-
terdisciplinary methods on the study of evolution-
ary processes and biodiversity of species through time 
concerning the evaluation of the colonization effects, 
the geographic distance or the local adaptation (e.g. 
Dewoody & al. 2015) by the combined usage of mac-
rofossils (as the leaf impressions of this work) their 
adaptive traits to environmental conditions and cpD-
NA for more accurate results (especially when palyno-
logical data cannot be used).

A stable isotope geochemical study of the stud-
ied area in the future would also supply informa-
tion on the origin and depositional environment of 
Zakynthos travertine, following the example of re-
cent studies at Pamukkale travertines, Turkey (Kele 
& al. 2011).
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Finally, the present work in combination with the 
work on “travitonics” by Hancock & al. (1999) sup-
ports the establishment of the combined usage of 
travertines and palaeobotany, as the previously men-
tioned authors did for travertines and active faults.
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