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Abstract Nine terrestrial mammal localities of Miocene age
based on body fossils have been reported from the island of
Crete to date. A new locality where footprints of terrestrial
mammals were exposed has recently been discovered in
western Crete. Platylakkos, the locality, is situated near the
village Vouves, west of the city of Chania. The ichnofossils
come from lacustrine deposits that belong to the Chatzi
Formation. The most impressive finding is a clearly defined
footprint that might be referred to a large-sized hyaenid. The
footprint impression, a convex hyporelief on a sandstone
slab, is a natural cast of a left manus where the traces of the
interdigital pad and all four digital pads, as well as their
respective claw marks- are clearly visible. Based on nearby
marine deposits of the Chatzi Formation, the age of the
fossiliferous layer with the footprints can be considered to
be early to middle Turolian (MN11-MNI12) in terms of
mammalian biochronology. To date, there is no certain record
of Miocene large-sized hyaenid footprints worldwide, and
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thus this isolated footprint might belong to a new ichno-
taxon. However, in the absence of a trackway, the erection
of a new ichnotaxon is avoided. The Platylakkos findings
are the first recorded case of fossil land mammal footprints
from the Neogene of Crete, and Greece in general. They
further the evidence for the presence of well-established
terrestrial environments and faunas in the area of Crete
during the Late Miocene.

Keywords Palacoichnology - Footprint - Carnivores - Late
Miocene - Crete - Greece

Introduction

The island of Crete is well known for its Quaternary unbal-
anced endemic land mammalian faunas, consisting mainly
of dwarf elephants, deer and hippos, and endemic micro-
mammals, indicating that, during Quaternary times, Crete
was an island. More than 100 localities with such endemic
faunas are known, mainly from the northern coast of the
island (Dermitzakis 1977; Iliopoulos et al. 2010a; Lax
1996). By contrast, only 10 Miocene land mammal localities
are known in Crete: nine body fossil localities and the new
Platylakkos ichnofossil locality described here (Fig. 1).
Their age spans from Middle to Late Miocene and their
faunas exhibit clear mainland affinities, indicating that dur-
ing that epoch Crete was still connected to the continental
mainland.

In Lassithi prefecture (eastern Crete), five localities are
known, namely Petras, Aghia Photia, Maronia, Géla, and
Zéakros. Petras locality has yielded only a suid tooth
(Leinders and Meulenkamp 1978). It was referred subse-
quently to Microstonyx cf. major by van der Made (1996),
who considered that the most likely age of Petras is Late
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Réthymnon

3

Fig. 1 The island of Crete showing the distribution of the terrestrial
Miocene mammal localities. / Platylakkos, 2 Vrysses, 3 Plakias, 4
Melambes, 5 Kastéllios Hill, 6 Maronia, 7 Petras, 8§ Aghia Photia, 9
Géla, /0 Zakros. Data according to Athanassiou (2004), Benda et al.

Miocene and more specifically late Vallesian (MN10) or
early Turolian (MN11). Additional suid remains from Aghia
Photia were also referred to Microstonyx cf. major by Fassoulas
and Iliopoulos (2011). Maronia has yielded a lower molar of
Deinotherium giganteum which is considered to be of Late
Miocene age (Athanassiou 2004). Further D. giganteum
remains were found in Géla which are considered of late
Vallesian (MN10) or early Turolian age (MN11), as well as in
Zakros (Fassoulas and Iliopoulos 2011; Iliopoulos et al. in
press; Poulakakis et al. 2005).

The most important and taxonomically diversified Mio-
cene land mammal locality in Crete is the Kastéllios Hill
locality in central Crete (Heraklion prefecture). Fossils of
large mammals and micromammals were collected from four
different stratigraphic levels, from the eastern slope of
Kastéllios Hill, as well as from the surface (de Bruijn et al.
1971; de Bruijn and Zachariasse 1979). According to van der
Made (1996), the large mammal fauna (collectively) includes
Hipparion sp., cf. Dorcabune anthracotheroides, cf. Pliocer-
vus pentelici, Taucanamo? | Yunnanochoerus? sp., Bovidae
indet. and Carnivora indet. van der Made (1996) provided an
age between late early Vallesian (late MN9) or early late
Vallesian (early MN10) for the older Kastéllios faunas to
probably Turolian for some Kastéllios specimens.

In Réthymnon prefecture, two Miocene land mammal
localities are known, namely Mé¢lambes and Plakias.
According to van der Made (1996), the Melambes fauna
contains Dorcatherium naui, cf. Prohyrax hendeyi, and
Bovidae indet. (but see also Bonneau and Ginsburg 1974;
Fischer and Heizmann 1992; Kuss 1976). The locality was
long considered to be of Vallesian age (Bonneau and
Ginsburg 1974), but according to van der Made (1996,
1999) it could be older, probably early Astaracian (MN6) or
early in MN7/8. The Plakias mammal fauna contains mainly
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(1970), Bonneau and Ginsburg (1974), de Bruijn and Meulenkamp
(1972), de Bruijn and Zachariasse (1979), de Bruijn et al. (1971),
Fassoulas and Iliopoulos (2011), Kuss (1976), Leinders and Meulenkamp
(1978), Poulakakis et al. (2005), and personal observations

micromammals, but a suid tooth referred to cf. Propotamo-
choerus palaeochoerus is also reported (de Bruijn and
Meulenkamp 1972; van der Made 1996). According to van
der Made (1996), the most likely age for Plakias is late
Astaracian (late MN7/8). Recently, however, de Bruijn et al.
(2012) provided an early Valessian age (MND9) for the locality,
based on the study of the micromammals.

In Chania prefecture (western Crete), two Miocene mam-
mal localities are known, Vrysses and the Platylakkos ichno-
fossil locality described here. The Vrysses locality has yielded
some proboscidean molar fragments (in fact, found in a lignite
mine near the village of Masa). These were referred by Benda
etal. (1970) to Mastodon sp., but they might be better referred
to as Gomphotheriidae indet. The locality is considered of Late
Miocene age by van der Made (1996). Zidianakis et al. (2007)
described a leaf impression flora of late Tortonian-Messinian
age (6-7.5 Ma) from a nearby locality. They considered the
proboscidean remains from Vrysses to be of about the same
age, which according to the mammalian biostratigraphy would
be from middle Turolian (MN12) to early late Turolian (early
MN13). Finally, Platylakkos is a recently discovered ichno-
fossil locality (2009). The first data concerning its faunal
context were presented by Iliopoulos et al. (2010b, 2011).
The findings include the carnivore footprint described here,
as well as two artiodactyl footprints. Unfortunately, the latter
are poorly preserved to be described adequately.

Geological setting

The Platylakkos ichnofossil locality is situated 1 km south-
west of the village of Votives and about 22 km west of the city
of Chania (Fig. 1). The actual locality is located at an artificial
section which was revealed during earthworks that exposed
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the local rocks and which separates two terraces with olive
groves. The section reveals layers with a total thickness of4 m
that form a symmetrical, north plunging, gentle fold; the
ichnofossils were traced on the east limb of the fold (Fig. 2).
Geologically, the study area is located in the Neogene basin of
Kastélli that covers the northwest part of the island. The
fossiliferous layers belong to the Chatzi Formation (Freudenthal
1969), which can be separated into two units: a lower coarse
clastic sequence consisting of conglomerates, marls and
clays; and an upper finer one with silts, clays and sandstones,
exposing locally on top gypsum deposits (Freudenthal 1969).
The fossiliferous layers are found at the upper part of the
formation several meters below the characteristic gypsum
layer. The sediments of the section consist of alterations of
cemented thick sandy layers and yellow silty clays without the
presence of any obvious macrofossil findings (Figs. 2 and 3).
The two lower clay beds contain horizons of thin platy lenses
of cemented sands. The respective footprints were identified
on the lower or the upper surface of these sands either with the
form of natural casts (convex hyporeliefs) or moulds (concave
epireliefs). Thus, based on the lithological characters, it is
clear that the sediments were deposited in a lacustrine envi-
ronment. Furthermore, the sedimentological regime indicates
that during the deposition repeated cycles of sedimentation
prevailed reflecting changes in the influx and grain size of the
sediments due to periodic changes of the local environment.

Systematic palaeoichnology
Division Vertebratichnia Vialov, 1966
Class Mammalipedia Vialov, 1966

Order Carnivoripedida Vialov, 1966

Ichnogenus and ichnospecies indet.

Fig. 2 View of the fossiliferous locality at Platylakkos (the arrow
shows the fossiliferous layer)

im

Fig. 3 Stratigraphic collumn of the section at Platylakkos with the
ichnofossil bearing layer. The dashed line depicts siltstone layers and
the dotted lines sandstones.The footprint drawing pinpoints the fossil-
iferous layer

Material: NHMC 29.1.3.22. Isolated footprint impression
preserved on a sandstone slab (Fig. 4). Specimen stored in
the Natural History Museum of Crete.

Locality: Platylakkos, near Vouves village, Prefecture of
Chanid, Eastern Crete.

Stratigraphic level: Chatzi Formation, Upper Miocene.
Preservation: The Platylakkos specimen is preserved as
natural cast (convex hyporelief) in a sandstone slab
(Fig. 4). The footprint represents a left manus paw-print of
a large-sized carnivorous trackmaker. It exhibits the intedi-
gital pad, four rather massive digital pads (corresponding to
digits II-V), and four claw marks indicating non-retracted
claws (Figs. 4 and 5). The casts of the digital pad II, digital
pad IIT and its claw, and digital pad IV represent true prints.
Claw cast of digit IV is broken, but its outline is clearly
visible. The cast of the digital pad V and its claw, the cast of
the interdigital pad, and the claw cast of digit II are “ghost
prints”. It can be considered that the ghost prints are covered
by a few deformed thin layers found below the level of the
actual footprint.

Description: The overall paw-print is practically equal in
length and width (Figs. 4 and 5). The claw casts of digits III
and IV are elongated, transversely narrow, and directed
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Fig. 4 Natural cast (convex hyporelief) of the carnivore manus foot-
print (NHMC 29.1.3.22) found in Platylakkos (western Crete, Chania,
prefecture)

rather forward. The claw casts of digits Il and V are not well
defined. The claw cast of digit III, which is well imprinted,
is especially high.

The digital pads are close to each other. The outer digital
pads (Il and V) diverge strongly outwards and are also close
to the intedigital pad, while the central digital pads (III and
IV) diverge slightly relative to each another and are
imprinted more anteriorly. Digital pad III extends anteriorly
more than digital pad IV. Digital pad III impression is
ovoidal and rather similar in size to the more quadrangular
digital pad IV. Digital pad II is similar in length to digital
pads III and IV, but narrower, and rather semicircular with
slightly concave inner (antero-lateral) border. Digital pad V
is the largest, in both length and width, and has a more
trapezoidal outline with slightly concave inner (antero-

Fig. 5 Natural cast (convex
hyporelief) of the carnivore
manus footprint found in
Platylakkos (western Crete,
Chania, prefecture). Stereopair
views, based on a plaster cast of
the original specimen

@ Springer

medial) border. The central digital pads (III and IV) are
higher in relief than the outer pads (II and V) and the
interdigital pad. Their longitudinal profile is slightly convex
and symmetrical, but being higher toward the claws, they
slope strongly posteriorly. Transversely, they are asymmet-
rical and medially higher. The relief of the digital pad II is
similar, but less asymmetrical transversely. Digital pad V is
slightly asymmetrical longitudinally and somewhat higher
at its posterior third. Transversely, it appears strongly asym-
metrical. It is higher outwards (laterally) and slopes strongly
inwards (medially), where it appears rather flat.

The interdigital pad is large, sub-triangular and assymet-
rical in outline, with concave antero-lateral and antero-
medial borders. While its posterior part is broken, it is
adequately preserved postero-laterally, which suggests that
there were no posterior lobes. It is equal in height to the
outer digital pads. Its longitudinal profile is gently convex,
but asymmetrical and higher at its posterior portion. Its
transverse profile is also convex and asymmetrical. It is
higher postero-laterally, behind the digital pad V impression.

Dimensions: Maximum print length: about 126 mm. Print
length excluding the claws: about 98 mm. Maximum print
width: 95 mm. Length of digits: II, 35 mm; III, 36 mm; IV,
34 mm; V, 38 mm. Width of digits: II, 25 mm; III, 28 mm,;
IV, 28 mm; V, 38 mm. Interdigital pad length: >54 mm.
Interdigital pad width: about 68 mm. Observed claw length:
I1, about 17 mm; III, 26 mm; IV, 25 mm; V, about 17 mm.

Discussion

As mentioned above, the sediments of the section where the
Platylakkos fossiliferous layer was found belong to the
Chatzi Formation. According to Freudenthal (1969), the
age of the Chatzi Formation is Late Miocene and more
specifically Tortonian—Messinian. The characteristic gyp-
sum layer found in the vicinity of Platylakkos is stratigraph-
ically above the ichnofossil layer and its age has been
determined as early Messinian (Freudenthal 1969; Frydas
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and Keupp 1996). Thus, the age of the ichnofossil layer
could plausibly be referred to as late Tortonian or earliest
Messinian, and it could be correlated with the early Turo-
lian-middle Turolian (MN11-MN12) in terms of mamma-
lian biochronology.

Vertebrate palacoichnology is a poorly explored palae-
ontological discipline in Greece. The only studied fossil
vertebrate footprints from Greece to date come from the
island of Rhodes. The findings include tracks of probosci-
deans and artiodactyls preserved in eolian deposits of Late
Pleistocene to early Holocene age (Milan et al. 2005; Milan
et al. 2007), and subfossil Holocene footprints of humans
and cattle preserved in beachrocks (Bromley et al. 2009).

The described Platylakkos fossil carnivore footprint
(Fig. 4) represents the first unequivocal Miocene terrestrial
mammal footprint recorded, not only in Crete but in Greece
generally. On morphological grounds, it exhibits well-
preserved claw marks that suggest non-retracted claws;
rather massive and closely arranged digital pads; and an
asymmetrical interdigital pad that, while not preserved in
full, does not suggest the presence of lobes posteriorly
(typical of extant felid footprints) (Fig. 6). Its morphology
resembles that of footprints made by extant hyaenids
(Fig. 6), while its size is comparable to that of the extant
spotted hyaena, Crocuta crocuta. Footprints of fossil large-
sized hyaenids are generally extremely rare, but known from
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Fig. 6 Comparison of the Platylakkos footprint with manus footprints
of selected extant carnivores. a Platylakkos footprint, b spotted hyaena,
Crocuta crocuta, ¢ wild dog, Lycaon pictus, d leopard, Panthera
pardus. All figured as representing the right manus. b—d According
to Stuart and Stuart (2000). Roman numbers indicate the digits. Dashed
lines indicate indistinct outlines, dotted line indicates the slab limit

the Pliocene and Pleistocene of Africa and the Pleistocene of
Europe (McDonald et al. 2007; Roberts 2008). Footprints
with possible hyaenid affinities have been referred from the
Late Miocene of Mushampa in Iran (Abbassi 2010) and the
Early Miocene of Salinas de Afiana in Spain (Anton et al.
2004), but generally the pre-Pliocene record of hyaenid
footprints is questionable. The possible trackmakers of var-
ious carnivore footprints, referred to various ichnotaxa, re-
main of uncertain affinities, and a revision of the fossil
carnivore footprints is strongly recommended. Carnivores
are poorly represented in the Miocene fossil record of Crete.
The only known specimens are some dental and mandibular
fragments from Kastéllios Hill, but their fragmentary nature
precludes any secure assignment even to family level. They
are comparable in size (van der Made 1996) to the felid
Pseudaelurus quadridentatus and the hyaenid Proftictithe-
rium gaillardi. However, both taxa represent rather small-
sized carnivores and should be excluded as possible track-
makers of the Platylakkos footprint. One could look for the
Platylakkos trackmaker among the large-sized hyaenids that
have been recorded in other Greek Miocene localities. The
most common of these large-sized hyaenids is Adcrocuta
eximia. This species is known from many Greek Late Mio-
cene localities (e.g. Pikérmi, Sdmos, Ravin da la Pluie,
Xirochéri-1), which span in age from late Vallesian
(MN10) to middle Turolian (MN12) (Koufos 2003, 2006),
as well as worldwide from Spain to China. Its skeleton is
adequately known and comparable in size with that of the
extant spotted hyaena, C. crocuta (Gaudry 1862-67; Pilgrim
1931). Unfortunately, the skeletons of other rather large-
sized Late Miocene hyaenids recorded in Greece, such as
Hyaenictis and Chasmaporthetes, are unknown. Neither A.
eximia nor other large-sized hyaenids are known from the
Miocene mammalian fossil record of Crete; hence, it would
be premature to refer the hypothetical Platylakkos track-
maker to any of these taxa. Nevertheless, the Platylakkos
footprint is of particular importance, given that fossil mam-
malian footprints are generally scarce. In fact, until recently,
there were only about 60 such localities known around the
world and fewer than 20 in Europe (Costeur et al. 2009).
Thus, it is evident that footprint localities are extremely few
compared to the thousands of body fossil localities known
(Costeur et al. 2009). The Platylakkos footprint could rep-
resent a new ichnotaxon. However, as at present there is
only one footprint available and not a trackway, the erection
of a new ichnotaxon should be avoided.

Palaeogeographical and palaeoecological implications
As mentioned above, the hyaenid footprint is not the only track

found in the Platylakkos locality. In addition, two footprints of
artiodactyls have been discovered, but they are not sufficiently
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well preserved to be described. However, their presence is
important as it shows that the presence of the hyaenid footprint
was not accidental, and it is possible that the area during the
Late Miocene was part of a healthy ecosystem that maintained
a balanced fauna. These, as well as other continental Late
Miocene mammalian faunas of the island, indicate that at that
time western Crete was connected by a land bridge to the
mainland, presumably through Peloponnesus.

The sedimentological features of the fossiliferous layer of
Platylakkos indicate that the tracks were produced on fine-
grained and laminated sandy clays near the shore of a lake.
Such morphological definition indicates that the footprints
were formed within the strandline of the lake where water-
saturated sediments existed (Cohen et al. 1991). Exposed
tracks are susceptible to destruction by physical and biological
factors, hence the survivorship of tracks often does not exceed
1 week and in rare cases 2-3 weeks at most (Cohen et al.
1991). In the case of Platylakkos, the preservation of the foot-
prints should include quick burial, within a few days from their
actual formation, possibly from a sudden flood that covered the
shore and thus the tracks with sandy sediments, and formed the
sandy lenses that are found in the fossiliferous layer. Palae-
ofloral data for the Late Miocene of western Crete and in
particular for the composition of the Vrysses plant assemblage
(about 40 km southeast of Platylakkos) indicate a warm-
temperate, humid climate for that time, with less pronounced
seasonality than today (Zidianakis et al. 2007). As mentioned
above, the footprints were formed in the vicinity of a water
body, which facilitated their preservation. This is in agreement
with the proposed humid climate for western Crete that would
ensure the presence of water bodies and would facilitate the
quick burial of footprints during flood events.

Conclusions

The Platylakkos locality is the tenth Miocene land mammal
locality in Crete, but the first based on footprints. It has
provided footprints of artiodactyls and the footprint of a
large-sized carnivore. These represent the first recorded
cases of Miocene land mammal footprints discovered in
Greece. The footprints come from lacustrine deposits that
belong to the Chatzi Formation. Based on previously stud-
ied nearby marine sediments (Freudenthal 1969), the most
likely age of the fossiliferous layer is early to middle Turo-
lian (MN11-MN12). The carnivore footprint is referred to
the order Carnivoripedida. Its morphology and size indicates
that the trackmaker had hyaenid affinities and was similar in
body size to the extant spotted hyaena, C. crocuta. Even
though the hypothetical trackmaker can not be identified
with certainty, its discovery is of particular significance
since Neogene large-sized hyaenid footprints are extremely
rare. The presence at the locality of both artiodactyl and
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carnivore footprints indicates that during that time there was
an ecosystem in western Crete that maintained a balanced
fauna, which is in accordance with data from other Late
Miocene mammalian and plant terrestrial localities in western
Crete (Benda et al. 1970; Zidianakis et al. 2007). Furthermore,
it provides additional evidence that, during the Late Miocene,
western Crete was still connected to the mainland through
Peloponnesus.
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