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GEOLOGICAL SETTING

In the continental Permian of Southern Alps, two 
major and well differentiated tectono-stratigraphic 
Units, separated by a marked regional unconformity, are 
clearly evident. They correspond to the Cycles 1 and 2 
emphasized over past decades by numerous researchers 
(e.g., Italian IGCP-203 research group, 1986; Cassinis, 
1988; Krainer, 1993; Massari et al., 1994).

The Cycle 1, Early Permian in age, is characterized 
by the formation of some intramontane basins filled by 
fluvio-lacustrine successions and volcanic bodies (Fig. 
1b). The Cycle 2, Late Permian in age, is constituted by 
the red beds of the Val Gardena/Verrucano Lombardo 
formations.

The Cycle 1 is the best known of this region, 
represented by the Collio Formation, typically cropping 
out in the Brescian Prealps (Fig. 1b-c). This Formation is 
now organized in two sedimentary units: Pian delle Baste 
and Val Dorizzo members, separated by a pyroclastic 
body (“Dasdana beds”; Breitkreuz et al., 2001). They 
are constituted by shallow alluvial to lacustrine fine-
grained sediments with several episodes of emersion and 
desiccation, the upper one is transitional to the alluvial 
Dosso dei Galli Conglomerate, late Early Permian in age 
(Cassinis et al., 2011). These fine sediments preserve 
numerous tetrapod and invertebrate footprints (Geinitz, 

INTRODUCTION

The South-Alpine region has been long investigated 
for the study of tetrapod footprints, which are a key feature 
of Early Permian continental formations. Ichnotaxonomy, 
and the use of fossil footprints as tool for datation, 
correlation and palaeoenvironmental reconstruction were 
the main topics of Italian ichnologists. Less importance 
was given to tracing the behavior of ancient trackmakers 
(Santi, 2005; Bernardi & Avanzini, 2011).

The finding of a new trampled slab, during the work 
of restoration of a First World War field hospital (Fig. 1a) 
in the easternmost sector of the Collio Basin (Val Aperta, 
Trentino Alto-Adige) (Fig. 1b), provides new insights 
on Early Permian trackmakers behavior, because of the 
complete display of trackways on different substrate 
conditions. This can be interpreted in the light of 
sedimentological features (linguoid and parallel ripples, 
mud crack and wrinkle structures) of the studied interval 
which suggest an unusual depositional environment 
within the Collio Formation.

The association Amphisauropus kablikae (Geinitz 
& Deichmüller, 1882) - Erpetopus willistoni Moodie, 
1929 here described is recorded  for the first time in 
the Trentino-Alto Adige region (see Conti et al., 1997; 
Avanzini et al., 2008) and can be considered one of the 
best preserved in the Southern Alps.
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ABSTRACT - The finding of new tetrapod trackways from the eastern sectors of the Collio Basin, in Val Aperta (Trentino Alto-Adige) allows 
new interpretations on Early Permian tetrapod behavior. The footprints, recorded in a slab with a wavy surface produced by ripples, consist 
of a short but well-preserved trackway attributable to Amphisauropus kablikae (Geinitz & Deichmüller, 1882) and two parallel trackways, 
moving in the same direction, assigned to Erpetopus willistoni Moodie, 1929. A narrower trackway, of uncertain taxonomic affinity, was 
probably produced in subaqueous conditions. This kind of association is the first report from all the Trentino-Alto Adige region, pointing to 
environments with higher energies than those associated to the classic Collio Formation. 

RIASSUNTO - [Nuove osservazioni su alcune piste ben conservate di Amphisauropus ed Erpetopus dal bacino di Collio orientale (Trentino 
Alto-Adige, NE Italia)] - Il ritrovamento di nuove piste di tetrapodi provenienti dalla Val Aperta (Trentino Alto-Adige), settore più orientale del 
bacino di Collio, ha permesso nuovi studi comportamentali sui tetrapodi del Permiano Inferiore nel Sudalpino. Le piste sono state ritrovate 
su una lastra mostrante una superficie marcatamente ondulata da ripples, sulla quale si spostavano i trackmaker. Una pista ben conservata 
attribuibile ad Amphisauropus kablikae (Geinitz & Deichmüller, 1882) e due piste di Erpetopus willistoni Moodie, 1929 mostrano che i 
trackmaker si spostavano parallelamente nella stessa direzione, cambiando percorso a seconda delle irregolarità del substrato. Una stretta 
pista, di attribuzione tassonomica incerta, probabilmente lasciata in condizioni subacquee, taglia la traccia principale. Si tratta del primo 
ritrovamento di una simile icnoassociazione in Trentino Alto-Adige, in ambienti a più alta energia rispetto alla classica Formazione di Collio.
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to the pelitic facies of the Val Dorizzo member of the 
Collio Formation. The upper part of B (54 m, Fig. 1d) is 
constituted by coarse sandstones and microconglomerates, 
yellowish-grey in color, with mono- to poly-crystalline 
quartz and volcanic clastics, interested by sudden and 
discontinuous, lateral and vertical grain changes; channeled 
structures are very common. Some clay chips in the sand-
bodies derive from finer sediments and are consistent with 
the presence of non-preserved fining-upwards cycles, 
eroded at the top.

D) Conglomerates alternating with sandstones, 
deposited in fining-upwards cycles, cut by more or less 
pronounced canalisations. The erosive surfaces of these 
thin sequences are locally marked by finer, silty-pelitic 
sediments; clay plugs and chips of the same composition 
may also be observed. This latter unit corresponds to the 
Val Daone Conglomerate (Cassinis et al., 2008) dated to 
the late Artinskian up to Kazanian p.p. or perhaps also 
slightly younger (Cisuralian-Guadalupian). This interval 
is exposed for about 22 m (Fig. 1d).

E) Verrucano Lombardo red clastic beds of Late 
Permian Age (6 m, Fig. 1d).

1869; Curioni, 1870; Berruti, 1969; Ceoloni et al., 1987; 
Conti et al., 1991, 1997, 2000; Avanzini et al., 2011).

South of the Adamello massif, the typical Collio Fm. 
of eastern Lombardy-western Trentino is covered by the 
Val Daone Conglomerate (Middle Permian) and by the 
Verrucano Lombardo red beds (Upper Permian). At Punta 
di Bosco - Cima Clevet sector, immediately south to the 
Daone Valley (Fig. 1c-d), stratigraphy is characterized 
(base to top) by: 

A, C) Four wide bodies (1-19 m) of dark grey-greenish 
volcanic agglomerates of riodacitic composition, with 
angular and rounded volcanic rock fragments of the same 
composition (2-100 cm in size), in heteropy to upper 
sedimentary units of B (Fig. 1d). These volcanites probably 
pertain to the Monte Macaone Formation. 

B) Locally, at the base of the sequence, a very fine-
grained lithofacies organised in fining-upwards cycles with 
linguoid ripples and flute cast structures is present (B1). 
This lithofacies (16 m, Fig. 1a, d) (that constitutes the base 
of a First World War military village) preserves scattered 
tetrapod footprints, sometimes associated to mud cracks 
and shrinkage structures. These levels probably pertain 

Fig. 1 - a) Pelitic layers of B1, floor of the military structure of the First World War; b) geographical location and geological framework of the 
investigated area of Collio Basin. Rectangle 1 indicates the location of the Orobic and Collio basins, rectangle 2 of Val Aperta. OA: Orobic 
Anticline; TCA: Trabuchello-Cabianca Anticline; CA: Cedegolo Anticline; c) geological map of Val Aperta (after Santi, 1986 modified). Circle 
1 indicate the location of the measured section; d) stratigraphical log of the “Cima Bosco” section. Empty spaces in the log represent soil cover.
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Collio Fm. (Val Dorizzo member) and in the overlaying 
Dosso dei Galli Fm. The here described specimen and 
the study of the stratigraphic section of “Cima Bosco” 
further supports an higher energy palaeoenvironment 
in the younger strata of the eastern sectors of the Collio 
Basin.

MATERIAL AND METHODS

The studied specimen consists of a slab of 45x65 cm 
that was recovered among the finer sediments of the unit 
B1.Tracks are preserved as convex hyporelief on a thin 
layer of soft mud, covered by coarse arenite (Fig. 3).

The specimen is now stored in the Museo delle 
Scienze, Trento (catalog number MDS 7086). 

The measure of ichnological parameters follows 
Leonardi (1987), the use of left and right is based on 
the original trampled surface. For a complete report of 
ichnological parameters see Tabs 1-2.

The 3D model of the surface was obtained with the use 
of photogrammetric techniques and Agisoft Photoscan® 
software,  then was reverted to gain the original trampled 
surface using Meshlab® and Polyworks®. The study 
of tetrapod footprints with these techniques has been 
pioneered by Petti et al. (2008).

SYSTEMATIC PALAEONTOLOGY

Amphisauropus kablikae (Geinitz & Deichmüller, 1882)
Fig. 3a-b

Description - Well-preserved trackway of a medium-
sized quadruped animal, with plantigrade and pentadactyl 
pedal and manual imprints, preserved as natural cast.

PALAEOENVIRONMENT

Some sedimentary structures and corse grain size 
suggest that the depositional palaeoenvironment is 
slightly different from the classic Collio Fm. (fluvio-
lacustrine or fluvio-palustrine; Cassinis et al., 2011), 
while it shares similarities to the German Early Permian 
Rotliegend Fm. (fluviatile with tetrapod tracks), 
described by Haubold & Katzung (1975).

The presence of linguoid ripples (central part of 
the specimen, Fig. 3b) and parallel ripples, indicates 
moderate current energies, probably expression of 
occasional flooding. These sedimentary structures and 
the absence of mud point out to a rapid decrease of 
hydrodynamic conditions. Evidences of subsequent 
subaerial exposition and drying of the sediment (wrinkle 
structures and mud cracks, superimposed on tetrapod 
footprints; Fig. 2a, b) seem to indicate a flooding episode 
in fluvial, seasonally floaded, environments.

Sedimentological features of the trampled interval 
testify to typical fluvial deposition. Repeated lateral and 
vertical changes of grain size across the entire interval, 
the conspicuous number of deep erosive channels, and 
the common presence of cross-stratification/lamination 
structures (Fig. 2c-f) support this hypothesis.

These features probably developed in an alluvial plain 
subject to seasonal conditions. This palaeoenvironment 
is different from the classic Collio Fm., where dark 
mudstones and siltstones with frequent laminations, 
expression of shallow lacustrine or fine alluvial 
environments in humid and anoxic conditions, prevail 
(Cassinis et al., 2011). The transition, in the higher 
parts of the formation, to coarser alluvial or playa-like 
environments in oxic conditions was described by 
Ronchi & Santi (2003) in the comparable Orobic Basin. 
This shift is probably recorded also in higher levels of the 

Fig. 2 - Sedimentary structures and footprints of the investigated area. a) Wrinkle structures and Erpetopus footprints on ripple crests; b) 
mud cracks superimposed on Amphisauropus footprints; c) end of fining-upwards cycle with arenites at the base and thin pelitic layers on 
the top; d) thin laminations of pelitic beds; e) yellowish-grey arenites; f) current ripples; g) probable trackway of Amphisauropus. Scale bar: 
a = 5 cm; b = 2 cm. 
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rounded. Digit proportions: I<V<II<IV<III (length of III 
28 mm), impression of digit V is absent or preserved as 
small tip. Digits II-III imprints are distally curved to the 
midline and have small divergence (14°), total divergence 
I-V is high (131°) and apparent functionally prevalence 
is medial. Palm is broader than long, elliptical and well 
impressed.

trackway pattern - Four manus-pes couples preserved 
and arranged in apparent alternating locomotion along a 
trackway (TR 1; Fig. 3a-b), with manus strongly curved 
to midline (45°), pes almost parallel (11°). Manus and pes 
are close to each other (distance manus-pes 55 mm), and 
almost equidistant from trackway midline (similar width 
of pace and distance intermanus/interpedes); there is no 
overlap. Pes stride length is 198 mm, manus stride length 
is 204 mm. Pace length of pes is 145-178 mm, of manus 
146-184 mm. Pace angulation of manus and pes is 75°. 
Gleno-acetabular distance (BL) is 152 mm. Stride length/
BL = 1.3 and stride length/foot length = 4.7. 

Remarks - Digit and palm impressions, pads, and 
regularly-spaced manus-pes couples are well preserved 
throughout the trackways. To our knowledge, the 
specimen is better defined than most other Amphisauropus 

pes - Wider than long (foot width 52 mm, foot length 
42 mm). Digits impressions are wide, short and straight 
and diverge radially from palm, digit tips are rounded. 
Digit proportions: V<I<II<III<IV (length of IV 29 mm), 
digits I and V are frequently not impressed. High total 
divergence I-V (124°), functionally prevalence is strongly 
medial, absence of claw traces. Palm is elliptical, broader 
than long and not always impressed.

Manus - Wider than long (foot width 55 mm, foot 
length 44 mm). Digits are wide and short with digit tips 

TR 1 TR 2 TR 3
FL p 42.2 10.9 9.8

FW p 51.8 16 13.7

I L p 20.6 4.4 4

II L p 22.9 4.1 4.1

III L p 25 4.2 4.8

IV L p 28.8 5.9 6

V L p 17.7 3.8 3

I W p 5.6 1.4 0.6

II W p 7 1.4 1.1

III W p 6.8 1.5 1.5

IV W p 5.5 1.8 1.4

V W p 6.3 1.9 1.6

div I-II p 26.9 30.8 22.3

div II-III p 27.9 19.6 16

div III-IV p 18.4 24.8 11.1

div IV-V p 36.3 51.7 57.6

div II-IV p 46.3 44.4 27.1

div I-V p 119.5 126.9 107

FL m 43.5 8.8 9.7

FW m 55.1 12 14.3

I L m 16.9 3.2 4

II L m 24.1 3.3 3.3

III L m 28.4 5.2 4.4

IV L m 26.6 4.9 5.6

V L m 19.9 3.2 3.3

I W m 6.2 0.9 1.6

II W m 6.8 1.1 1.3

III W m 8 1.6 1.4

IV W m 6.4 1.5 1.8

V W m 4.5 1.8 1.5

div I-II m 23.6 21.8 47

div II-III m 13.6 15.1 6.2

div III-IV m 35.6 26.4 15.9

div IV-V m 39.1 56.9 59.9

div II-IV m 49.1 41.5 22.1

div I-V m 111.8 120.2 129

TR 1 TR 2 TR 3 TR 4
SL p 198.2 72.1 65 70.6

PL p lr 178 57 46 40.2

PL p rl 145 45 32 46.7

Pa p 75.1 86.6 113.6

PW p 127.9 35.4 28.4 23.1

LP p 93.3 37 20 36.9

dist ip 60.8 23.1 19.9 14.6

div p 11.2 28.2 13.7 8.4

SL m 203.8 70.2 56.6 74.1

PL m lr 184 61 46 38

PL m rl 146 39 39 48.6

Pa m 75.5 94.1 77.6 116.2

PW m 124.9 32.1 32 21.8

LP m 89.5 37.8 23.8 36.6

dist im 65.5 20.8 21 16.6

div m 44.6 29.3 16.8 11.8

dist m-p 55.4 13.5 16.3 10

Wint 42.2 9.5 12.2 9.9

Wext 164.2 63.5 56.6 33.9

BL 152 49.7 50.8 43.3

SL/FL 4.7 6.62 6.63

SL/BL 1.3 1.45 1.28 1.63

Tab. 1 - Ichnological parameters of footprints. TR 1 = A. kablikae, 
TR 2 = E. willistoni on the right, TR 3 = E. willistoni on the left. FL 
= foot length, FW = foot width, L = digit length, W = digit width, 
div = divergence, I-V = digit number, m = manus, p = pes. Metrical 
measures in mm, angular measures in degrees.

Tab. 2 - Ichnological parameters of trackways. TR 1 = A. kablikae, 
TR 2 = E. willistoni on the right, TR 3 = E. willistoni on the left, 
TR 4 = swimming traces. SL = stride length, PL = pace length, lr 
= left-to-right, rl = right-to-left, PA = pace angulation, PW = width 
of pace, LP = length of pace, dist ip = distance interpedes, dist 
im=distance intermanus, div = divarication from midline (inward 
positive, outward negative), dist m-p = distance manus-pes, Wint = 
width internal, Wext = width external, BL = apparent body length. 
Metrical measures in mm, angular measures in degrees.
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to those described for Amphisauropus kablikae. This 
ichnotaxon was reported also from New Mexico (Lucas et 
al., 2001), Nova Scotia (Van Allen et al., 2005), Morocco 
(Voigt et al., 2011), Poland (Voigt et al., 2012) and Italy 
(Ceoloni et al., 1987; Nicosia et al., 2000; Santi & Krieger, 
2001; Avanzini et al., 2008).

Erpetopus willistoni Moodie, 1929
Fig. 3a, a1-3, c-d

Description - Tracks of a quadrupedal of small size, 
with pentadactyl footprints preserved as natural casts.

pes - Plantigrade to semidigitigrade, wider than long 
(foot width 14-16 mm, foot length 10-11 mm). 

Digits are long, thin and pointed, increasing length 
from I to IV (length of IV 6 mm) and distally curved 
to midline. V digit is smaller (long about as I), directed 
outwards, sometimes absent or present as small tip. High 
divergences between digits IV-V (52°-58°) and digits I-V 
(111°-131°). Rectangular sole pad when impressed.

specimens described from Italian Permian basins (see 
Ceoloni et al., 1987; Nicosia et al., 2000; Santi & Krieger, 
2001; Avanzini et al., 2008). 

The ichnogenus Amphisauropus was instituted by 
Haubold (1970), who described the two ichnospecies 
Amphisauropus latus and A. imminutus from the red beds 
of Germany. This distinction was based on differences 
in imprint size (A. latus is the bigger one), width of pes, 
intradigital angles and position of axis of manus and pes 
(Voigt, 2005). 

After studies on extensive material from Germany, 
Voigt (2005) concluded that these two ichnospecies 
represent footprints of the same animal in different 
ontogenetic phases, and are thus the expressions of a 
morphological continuum. The ichnospecies A. latus and 
A. imminutus were both invalidated and the ichnospecies 
name A. kablikae was restored for priority reasons 
(from Saurichnites kablikae, described by Geinitz & 
Deichmüller, 1882). 

Morphology, pattern of imprints along trackway and 
ichnological parameters of our specimen well correspond 

Fig. 3 - Photographic and graphic illustration of the studied tracks. a) Drawing of the trampled surface and observed sedimentary structures. 
TR1: A. kablikae trackway, TR2, TR3: E. willistoni trackways, TR4: swimming traces. a1-5) Close-up view of Erpetopus and details of 
swimming traces; b) photo of A. kablikae trackway, TR1; c) photo of E. willistoni trackway, TR3. Notice the tail mark; d) photo of the final 
part of the E. willistoni trackway, TR2; e) photo of the trackway with swimming traces, TR4. Scale bar: a-c = 5 cm; d-e = 2 cm; a1-5 = 1 cm.
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Erpetopus, but characterized by a strongly backward 
rotation of V digit.

Haubold (2001) and Lucas (2003) considered C. 
cassinisi as a subjective synonym of Erpetopus willistoni, 
and the rotation of digit V as an extramorphological 
variation, very frequent for imprints smaller than 20 mm, 
the “critical size” (Haubold et al., 1995; Haubold, 1996).

Santi (2007), instead, concluded that this feature was 
not extramorphological but due to differences in skeletal 
structures and proposed the inclusion of C. cassinisi in 
Erpetopus, distinguishing E. willistoni and E. cassinisi.

Waiting for a revision of these ichnotaxa on extensive 
material, we can conclude that the tracks of this study have 
all the features of Erpetopus willistoni, differing from 
C. cassinisi for the low and restricted divergence range 
between digits IV-V (57-60° in our specimen, 51-75° in C. 
cassinisi) and sensibly lower total divarication (106-131° 
in our specimen, 168-210° in Camunipes).

Tracks of uncertain assignment
Fig. 3a, a4-5, e

In a marginal part of the trampled slab we observe a 
third different type of trackway, perpendicular to the other 
ones (TR 4; Fig. 3a, e). It is characterized by couples 
of parallel scratches pointing the same direction. The 
dimensions and morphology of this casts, their alternating 
disposition in close sets (distance manus-pes 10 mm), 
the stride length (71-74 mm) are comparable to those 
described for Erpetopus but, given the poor preservation, 
we cannot exclude other ichnotaxa.

The features of this trackway can be the result of a 
locomotion in subaqueous conditions, with the animal 
buoyed up by hydrostatic push. This would explain the 
narrower trackway with higher pace angulation and similar 
stride length. Claws of the trackway maker only touched 
the surface and produced parallel scratches.

DISCUSSION

From the study of this specimen we can reconstruct 
the sequence of the formation of trackways, and their 
displaying under different circumstances, linked to 
currents, sedimentary structures and drying of trampled 
surface.

To better understand this, we obtained a 3D model 
with photogrammetric techniques (Fig. 4).

The first event leads to the formation, under subaqueous 
conditions, of the linguoid ripples, with a current moving 
probably towards the upper right corner of the model 
(Fig. 4a).

Then, under a thin veil of water (less than 5 cm, from 
trackway parameters) a small tetrapod crossed the surface 
(trackway TR 4), moving from right to left, making little 
parallel scratches on the bottom (Fig. 4b).

Subsequently, water flowed out, and the complex 
surface produced by ripples was exposed to air. In this 
context the three main trackways were impressed: the 
central Amphisauropus trackway TR 1 and the two 
Erpetopus trackways TR 2-3 on its sides (Fig. 4c). 
Trackmakers proceed towards the same direction (top right 

Manus - Slightly smaller than pes, plantigrade to 
semidigitigrade, wider than long (foot width 12-14 mm, 
foot length 9-10 mm). Digits long, thin and pointed, 
increasing length from I to IV (length of IV 5-6 mm) 
distally curved inward. Digit V is smaller (long about as 
digit I), directed outwards, sometimes absent or present as 
small tip. High divergences between digits I-II (22°-47°) 
and IV-V (57°-60°), total divergence 106°-120°. When 
impressed, sole pad is rectangular in shape.

trackway pattern - Regular alternation of manus-pes 
couples, arranged in close sets (small distance manus-pes, 
14-16 mm), sometimes slightly overlapping. Tracks are 
usually directed towards midline (pes 14°-28°, manus 
17°-29°), manus are slightly more internal (lower width 
of pace and intermanus distance compared to pes). Pes 
stride length is 65-72 mm, manus stride length is 57-70 
mm. Pace length of pes is 32-57 mm, of manus 39-61 mm. 
Pace angulation of pes is 87°, of manus 78°-94°. Gleno-
acetabular distance (BL) is 50-51 mm, stride length/foot 
length = 6.6, stride length/BL = 1.3-1.5.

Remarks - We observe two trackways (and a possible 
third one) located on the left and right sides of the A. 
kablikae trackway, almost parallel and directed to the 
top of the slab. Trackmakers crossed an undulate surface 
produced by ripples and apparently changed direction in 
correspondence of the same bottom feature, a ripple crest.

The trackway on the left (TR 3; Fig. 3a, c) was 
produced by an animal with slightly slower locomotion, 
as testified by the lower pace angulation and stride 
length. This trackway shows a thin tail trace, straight and 
continuous, not preserved in depressions. Footprints are 
almost parallel to midline, manus are more external.

The trackway on the right (TR 2; Fig. 3a, d) documents 
a faster locomotion, footprints are directed inward and 
manus are more internal. The left side is better preserved, 
revealing other footprints probably arranged in a third 
trackway. The right side is less preserved, probably 
because of the near structures of contraction.

The range of extramorphologies is wide (also in 
footprints of the same trackway), and is due to the small 
dimension of tracks (<20 mm, the “critical size”, Haubold 
et al., 1995; Haubold, 1996) and to substrate conditions 
(water content, steepness). The trackway pattern is regular.

Erpetopus willistoni was instituted by Moodie 
(1929), in the first study of the ichnofauna of Castle 
Peak (Texas). He described also Microsauropus clarki, 
M. acutipes, M. parvus and M. orthodactyulus, but after 
the works of Sarjeant (1971) and Haubold (1971) on 
the same ichnofauna, these ichnotaxa were considered 
extramorphological variants of Erpetopus willistoni. 

The similarity of this ichnospecies with Varanopus 
Moodie, 1929 and the lack of strict parameters for the 
classification brought some confusion, so many specimens 
of Erpetopus from Texas and France were classified as 
Varanopus curvidactylus (Haubold & Lucas, 2001, 2003). 

In these latter works the authors restudied the 
ichnofauna of Castle Peak, discerning the two ichnotaxa 
basing mostly on pes digit V. It is integrated in sole 
structure in Varanopus, and it is as long as digit III and it 
does not point outwards or backwards.

In South Alpine region Ceoloni et al. (1987) described 
Camunipes cassinisi, a new ichnotaxon very similar to 
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corner of the model), perhaps moving simultaneously as 
the trackways are parallel and appear to change direction 
(16-34° to the left) in correspondence with the same 
bottom features (Fig. 4c). Footprints on right side are less 
impressed, probably due to the unbalanced locomotion of 
the trackmaker on inclined surfaces, but extramorphological 
effects are in all very light.

In the end, the thin mud layer with tetrapod tracks dried 
up (formation of wrinkle strucutres and mud cracks, Fig 4d).

CONCLUSIONS

The described tracks found from the easternmost 
sectors of the Collio Basin represent the first report of 
Amphisauropus kablikae and Erpetopus willistoni for 
the Trentino region. The good state of preservation of 
the specimens allowed a complete study of ichnological 
parameters and extramorphological features of these taxa.

We recognize different tetrapod behaviors: swimming 
(Erpetopus isp.) and parallel locomotion (A. kablikae and 
E. willistoni). Sedimentology (fining-upwards cycles, 
linguoid ripples, mud cracks, wrinkle structures) indicates 
a depositional environment with seasonal alluvial 
plains; this would confirm the hypothesis of a changing 
environment in uppermost Collio (Ronchi & Santi, 2003) 
also for these regions. These new data suggest that the 
eastern sector of the Collio Basin (Val Aperta and Val 
Daone; Trentino Alto-Adige) deserves new systematic 
field research.

ACKNOWLEDGMENTS

We would like to thank for his courtesy the guide forest Andrea 
Felicetti, who discovered the tracks. We are also grateful to Massimiliano 
Ghinassi (Università degli Studi di Padova) for helpful suggestions 
on sedimentary structures, and to Sebastian Voigt (Urweltmuseum 
GEOSKOP, Burg Lichtenberg, Pfalz) and Umberto Nicosia  
(Università “La Sapienza” di Roma) for revising the manuscript. 
This study is part of the project “The Permian-Triassic ecological 
crisis in the Dolomites: extinction and recovery dynamics in 
Terrestrial Ecosystems” financed by the Promotion of Educational 
Policies, University and Research Department of the Autonomous 
Province of Bolzano - South Tyrol.

REFERENCES

Avanzini M., Contardi P., Ronchi A. & Santi G. (2011). 
Ichnosystematic of the Lower Permian invertebrate traces 
and trails from the Collio and Mt. Luco basins (North Italy). 
Ichnos, 18: 95-113.

Avanzini M., Neri C., Nicosia U. & Conti M.A. (2008). A new Early 
Permian ichnocenosis from the “Gruppo vulcanico atesino” (Mt. 
Luco, Southern Alps, Italy). Studi Trentini di Scienze Naturali. 
Acta Geologica, 83: 231-236. 

Bernardi M. & Avanzini M. (2011). Locomotor behavior in early 
reptiles: insight from an unusual Erpetopus trackway. Journal 
of Paleontology, 85 (5): 925-929.

Fig. 4 - Synthetic scheme of the formation of structures and 
impressions. Drawing on a 3D model obtained with photogrammetry 
techniques and then reverted to restore the original surface. a) 
Formation of linguoid and parallel ripples, arrows indicate the 
direction of currents; b) passage of a small tetrapod leaving parallel 
scratches on the fundal; c) passage of the A. kablikae and E. willistoni 
trackmakers; d) drying of the surface and formation of mud cracks 
and wrinkle structures.



Bollettino della Società Paleontologica Italiana, 52 (1), 201362

Field Guide-book. Field Conference S.G.I.-I.G.C.P. Project 203, 
Brescia (Italy), July 1986. 180 pp. Tipolitografia Commerciale 
Pavese, Pavia. 

Krainer K. (1993). Late- and Post-Variscan Sediments of the Eastern 
and Southern Alps. In Raumer J.F. & Neubauer F. (eds), Pre-
Mesozoic Geology in the Alps. Springer, Berlin: 537-564.

Leonardi G. (1987). Glossary and Manual of Tetrapod Footprint 
Palaeoichnology. 117 pp.  Departamento Nacional de Produção 
Mineral, Brasilia. 

Lucas S.G., Lerner A.J. & Haubold H. (2001). First record of 
Amphisauropus and Varanopus in the Lower Permian Abo 
Formation, central New Mexico. Hallesches Jahrbuch für 
Geowissenschaften B, 23: 69-78.

Massari F., Neri C., Pittau P., Fontana D. & Stefani C. (1994). 
Sedimentology, palynostratigraphy and sequence stratigraphy 
of a continental to shallow-marine rift-related succession: Upper 
Permian of the eastern Southern Alps (Italy). Memorie di Scienze 
Geologiche, Padova, 46: 119-243.

Moodie R.L. (1929). Vertebrate footprints from the red bed of Texas. 
American Journal of Science, 97: 352-368.

Nicosia U., Ronchi A. & Santi G. (2000). Permian tetrapod footprints 
from W Orobic Basin (Northern Italy). Biochronological and 
evolutionary remarks. Géobios, 33 (6): 753-768.

Petti F.M., Avanzini M., Belvedere M., De Gasperi M., Ferretti 
P., Girardi S., Remondino F. & Tomasoni R. (2008). Digital 
3D modeling of dinosaur footprints by photogrammetry and 
laser scanning techniques: integrated approach at the Coste 
dell’Anglone track site (Lower Jurassic, Southern Alps, 
Northern Italy). Studi Trentini di Scienze Naturali, Acta 
Geologica, 83: 303-315. 

Ronchi A. & Santi G. (2003). Non-marine biota from the Lower 
Permian of the Central Southern Alps (Orobic and Collio 
Basins, N Italy): a key to the paleoenvironment. Géobios, 36 
(6): 749-760.

Santi G. (1986). Nuovi dati stratigrafici sul Permiano affiorante 
lungo il fianco sinistro del T. Giulis (Adamello sud-orientale). 
Natura Bresciana, Annali del Museo Civico di Scienze Naturali, 
22 (1985): 29-34.

Santi G. (2005). Lower Permian palaeoichnology from the Orobic 
Basin (northern Italy). Geo.Alp, 2: 77-90.

Santi G. (2007). A Short Critique of the Ichnotaxonomic Dualism 
Camunipes-Erpetopus, Lower Permian Ichnogenera from 
Europe and North America. Ichnos, 14: 185-191.

Santi G. & Krieger C. (2001). Lower Permian tetrapod footprints 
from Brembana Valley - Orobic Basin - (Lombardy, Northern 
Italy). Revue de Paleobiologie, 20 (1): 45-68.

Sarjeant W.A.S. (1971). Vertebrate tracks from the Permian of Castle 
Peak, Texas. Texas Journal of Science, 22: 344-366.

Van Allen H.E.K., Calder J.H. & Hunt A.P. (2005). The trackway 
record of a tetrapod community in a walchian conifer forest 
from the Permo-Carboniferous of Nova Scotia. New Mexico 
Museum of Natural History and Science Bulletin, 30: 322-332.

Voigt S. (2005). Die Tetrapodenichnofauna des kontinentalen 
Oberkarbon und Perm im Thüringer Wald - Ichnotaxonomie, 
Paläoökologie und Biostratigraphie. 179 pp. Cuvillier, 
Göttingen. 

Voigt S., Lagnaoui A., Hminna A., Saber H. & Schneider J.W. 
(2011). Revisional notes on the Permian tetrapod ichnofauna 
from the Tiddas Basin, central orocco. Palaeogeography, 
Palaeoclimatology, Palaeoecology, 302: 474-483.

Voigt S., Niedźwiedzki G., Raczyński P., Mastalerz K. & 
Ptaszyński T. (2012). Early Permian tetrapod ichnofauna 
from the Intra-Sudetic Basin, SW Poland. Palaeogeography, 
Palaeoclimatology, Palaeoecology, 313-314: 173-180.

Manuscript received 14 September 2012
Revised manuscript accepted 21 June 2013
Published online 28 June 2013

Berruti G. (1969). Osservazioni biostratigrafiche sulle formazioni 
continentali pre-quaternarie delle Valli Trompia e Sabbia. 
Natura Bresciana, Annali del Museo Civico di Scienze Naturali, 
Brescia, 6: 3-32. 

Breitkreuz C., Cortesogno L. & Gaggero L. (2001). Crystal-rich 
mass flow deposits related to the eruption of a sublacustrine 
cryptodome (Early Permian Collio Basin, Italian Alps). Journal 
of Volcanology and Geothermal Research, 114: 373-390. 

Cassinis G. (1988). Carta geologica dei depositi continentali 
permiani a Sud dell’Adamello. Atti Ticinensi di Scienze della 
Terra, Pavia, 31.

Cassinis G., Perotti C.R. & Ronchi A. (2011). Permian continental 
basins in the Southern Alps (Italy) and peri-mediterranean 
correlations. International Journal of Earth Sciences, 101: 
129-157.

Cassinis G., Ronchi A., Gretter N. & Durand M. (2008). The Val 
Daone Conglomerate: a Middle Permian key unit from the 
Central Southern Alps (western Trentino, Italy), and regional 
stratigraphic implications. Italian Journal of Geosciences 
(Bollettino della Società Geologica Italiana), 127 (3): 519-532.

Ceoloni P., Conti M.A., Mariotti N., Mietto P. & Nicosia U. (1987). 
Tetrapod footprints from Collio Formation (Lombardy, Northern 
Italy). Memorie di Scienze Geologiche, 39: 213-233.

Conti M.A., Leonardi G., Mietto P. & Nicosia U. (2000). Orme di 
tetrapodi non dinosauriani nel Paleozoico e Mesozoico in Italia. 
In Leonardi G. & Mietto P. (eds), I dinosauri di Rovereto. Le 
orme giurassiche dei Lavini di Marco (Trentino) e gli altri resti 
fossili italiani. Accademia Editoriale, Pisa: 237-320. 

Conti M.A., Mariotti N., Mietto P. & Nicosia U. (1991). Nuove 
ricerche sugli icnofossili della Formazione di Collio in Val 
Trompia (Brescia). Natura Bresciana. Annali del Museo Civico 
di Scienze Naturali, Brescia, 26 (1989): 109-119.

Conti M.A., Mariotti N., Nicosia U. & Pittau P. (1997). Succession 
of selected bioevents in the continental Permian of the Southern 
Alps (Italy): improvements in intrabasinal and interregional 
correlations. In Dickins J.M., Zunyi Y., Yhongfu Y., Lucas 
S.G. & Acharyya S.J. (eds), Late Paleozoic and Early Mesozoic 
Circumpacific events and their global correlation, Cambridge 
University: 51-65.

Curioni G. (1870). Osservazioni geologiche sulla Val Trompia. 
Memorie dell’Istituto Lombardo di Scienze e Lettere (ed Arti), 
Serie 3 (2): 1-60. 

Geinitz H.B. (1869). Ueber fossile Pflanzenreste aus dem Dyas von 
VaI Trompia. Neues Jahrbuch fur Mineralogie, Geologie und 
Paläontontologie: 456-461.                     

Geinitz H.B. & Deichmüller J.V. (1882). Die Saurier der unteren 
Dyas von Sachsen. Palaeontographica (1846-1933), 29 (1): 1-46.

Haubold H. (1970). Versuch der Revision der Amphibien-Fährten des 
Karbon und Perm. Freiberger Forschungshefte C 260: 83-117.

Haubold H. (1971). Ichnia Amphibiourum et Retpiliorum fossilium. 
In Kuhn O. (ed.), Handbuch der Paläoherpetologie. 124 pp. 
Gustav Fischer Verlag, Stuttgart. 

Haubold H. (1996). Ichnotaxonomie und Klassifikation von 
Tetrapodenfährten aus dem Perm. Hallesches Jahrbuch für 
Geowissenschaften, B, 18: 23-88.

Haubold H., Hunt A.P., Lucas S.G. & Lockley M.G. (1995). 
Wolfcampian (Early Permian) vertebrate tracks from Arizona 
and New Mexico. New Mexico Museum of Natural History and 
Science Bulletin, 6: 135-165.

Haubold H. & Katzung G. (1975). Die position der Autun/
Saxon Grenze (Unteres Perm) in Europa und Nordamerika. 
Schriftenreihe Geologische Wissenschaften, 3: 87-138. 

Haubold H. & Lucas S.G. (2001). Die Tetrapodenfährten der 
Choza Formation (Texas) und das Artinsk-Alter der Redbed 
Ichnofaunen des Unteren Perm. Hallesches Jahrbuch für 
Geowissenschaften, 23: 79-108.

Haubold H. & Lucas S.G. (2003). Tetrapod footprints of the Lower 
Permian Choza Formation. Paläontologische Zeitschrift, 77: 
247-261.

Italian IGCP-203 Group (1986). Permian and Permian-Triassic 
boundary in the South-Alpine segment of the western Tethys. 


