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Abstract
A restudy of the Barkhausen dinosaur tracksite shows that the track-bearing surface reveals considerably more detail than pre-
viously indicated, and a new map is presented, showing the trackways of nine sauropods, traveling north, possibly as a group. 
These are among the smallest sauropod tracks recorded in Europe. There is also evidence of two large theropods crossing the 
area, one moving to the south and the other to the west. Evidence of at least three other sauropods is registered in the form 
of isolated manus traces that represent larger individuals. Previous interpretations inferred that sauropod trackways trended 
south, and therefore suggested a predator chasing its prey as in the purported but controversial attack scenario claimed for the 
famous Paluxy River site in Texas. Based on the present study, this scenario is no longer tenable for the Barkhausen tracksite. 
The description of Elephantopoides barkhausensis (Kaever and Lapparent, 1974) shows that it represents a moderately wide 
gauge, but small manus sauropod and can be assigned under the ichnofamily label Parabrontopodidae. E. barkhausensis as 
originally defined was a nomen dubium, but it has since been re-described semi-formally, without renaming, we emend the 
description and assigned them to the ichnotaxon Parabrontopodus barkhausensis comb. nov. These tracks could have been 
produced by the small sauropod dinosaur taxon Europasaurus. The problematic ichnotaxon Megalosauropus teutonicus 
(Kaever and Lapparent, 1974), which represents a large three-toed theropod, is assigned to the recently described ichnogenus 
Jurabrontes from the Late Kimmeridgian of the Swiss Jura mountains as Jurabrontes teutonicus comb. nov. Furthermore, 
we attribute the theropod tracks from the time equivalent Langenberg quarry to the same ichnotaxon.

Keywords Sauropod and theropod trackways · Jurassic · Kimmeridgian · Northern Europe · Palaeoenvironment

Introduction

The Barkhausen Dinosaur tracksite, discovered in 1921 
(Ballerstedt 1922a, b), was first described in some detail by 
Friese (1972, 1979) and Kaever and Lapparent (1974), and 
reillustrated by Haubold (1971, 1984) and Thulborn (1990). 

For a more detailed history on the discovery and geoconser-
vation, we refer to Fischer et al. (2021). The site is open to 
the public and therefore represents one of the most scien-
tifically and educationally interesting Late Jurassic tracksite 
destinations in Northern Europe. The site displays what we 
may call a sauropod–theropod track assemblage, in associa-
tion with a mixed carbonate—siliciclastic facies (cf. Lockley 
et al. 1994a; Lockley and Meyer 2000). Kaever and Lappar-
ent (1974) named the large prominent three-toed theropod 
tracks Megalosauropus teutonicus and the rounded or oval 
tracks Elephantopoides barkhausensis. Both these ichnospe-
cies have proved problematical, because they were not ade-
quately described or compared with tracks from other sites.

In May of 1998 and 1999, two of the authors (CAM and 
MGL) visited the site, at the invitation of the municipality 
of Bad Essen, with a view to remapping the site and provid-
ing an updated interpretation of the dinosaur footprints. The 
primary aim was to provide an interpretation of the types of 
dinosaurs that frequented this region, so that interpretative 
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signs could be prepared for public education. This work 
resulted in an unpublished manuscript upon which part of 
the present paper is based. This manuscript also formed 
the basis for the explanatory panels that were subsequently 
mounted at the tracksite. Brief notes and a map of the site 
were subsequently presented by Lockley and Meyer (2000), 
and the Barkhausen sauropod tracks were briefly compared 
with Cretaceous sauropod tracks from Münchehagen (Lock-
ley et al. 2004).

Another visit was made by the first author and BE in 
August 2020 and aimed at a complete drone survey of the 
surface and to obtain 3D models of the important sauropod 
and theropod tracks.

Based on different studies (Bailly et al. 2000; Jank et al. 
2006; Cäsar 2012; Zuo et al. 2018) and our own observa-
tions, we compiled sufficient information on the sedimentol-
ogy and litho- and chronostratigraphy of the site, to describe 
the ancient environment in which the dinosaurs were active.

Methods

In 1998 and 1999, we used a traditional compass and tape 
method to survey the tracksite. The main bedding plane 
surfaces was marked off in meter squares using chalk, and 
then mapped onto cm graph paper. Ropes were used to gain 
access to the relatively small number of tracks that were high 
on the surface. Latex was used to make molds of selected 
sauropod footprints, subsequently converted into fibreglass 
replicas now in the University of Colorado Museum of Natu-
ral History (UCM) as UCM 193.10—UCM 193.12 (initially 
the casts were labelled as CU-MWC referring to the former 
joint University of Colorado at Denver—Museum of West-
ern Colorado Museum). Acetate film was used as tracing 
paper to record the precise configuration of selected track-
ways (e.g., the sauropod trackway illustrated by Lockley 
et al. 2004: fig. 5A). Tracings are also cataloged in this col-
lection (see: https:// fossi lvert ebrat esand traces. color ado. edu/ 
index. php/ Front/ Fossi lTrac ksCol lecti on). We also obtained 
length–width measurements on manus and pes sauropod 
tracks, and recorded step (pace) stride and trackway width.

We chose the best-preserved footprints to perform photo-
grammetry and produced 3D models for an accurate docu-
mentation and precise measurements following the indica-
tions of Mallison and Wings (2014), Matthews et al. (2006), 
and Falkingham et al. (2018). Digital models were created 
with Metashape Pro (v 1.6.2), starting from pictures taken 
with an Olympus TG 6. Overall surface photographs were 
made with a drone (DJI Phantom 4 Pro) in 2020. The isola-
tion of the tracks, the refined orientation, and the false-color 
depth maps of all models were produced in CloudCompare 
(v. 2.9.1). Contour lines were generated in CloudCompare 
(following Lallensack et al. 2020) and superimposed onto 

the depth maps in Adobe Illustrator. 3D meshes of the 
tracks and surfaces can be downloaded from https:// doi. 
org/ 10. 6084/ m9. figsh are. 14447 604, according to Falking-
ham et al. (2018). Post flight treatment of the drone pictures 
were made with AirMagic (1.0). Photographs of individual 
morphotypes were subsequently enhanced with Aurora HDR 
Express (Vers. 1.0.0; Filter: Landscape realistic, contrast 45, 
aperture-0.28). To further enhance the quality and contrast 
of the photographs, they were treated with preset algorhytms 
in Luminar (4.3.0).

Geological setting

The tracksite is situated in the Hunte valley, about 1 km 
south of the small village of Barkhausen, in an abandoned 
quarry on the northern flank of the Wiehen hills (the 
Wiehen  Gebirge flexure). At this location, the Late Jurassic 
strata dip at approximately 55°–60° north east (Fig. 1) off 
towards the plain of Lower Saxony (see Kaever and Lappar-
ent 1974; Fig. 2). The track-bearing beds have been assigned 
to the lower or middle Kimmeridgian (unit 3c3 of Kaever 
and Lapparent 1974) and occur at the top of a “shoaling 
upwards” sequence of limestone and shale, which was not 
quarried. These strata are overlain by micaceous sandstones 
that were quarried for building stones. The overall sequence 
indicates the increase in influx of terrigenous sediment to the 
area, at about the time that the tracks were made. 

As summarized by Kaever and Lapparent (1974), the 
tracks are in the middle part of Kimmeridgian (Klassen 
1968, 2003, 2006) which is divided into four informal units 
(I–IV) that cannot be correlated precisely throughout the 
area. According to this scheme, the lower units (I and II) 
have a total thickness of 10.65 m, contain much argillaceous, 
and some calcareous units, and have traces of dinosaurs in 
the upper units (8.1–10.25 m above the base of unit 1). They 
added that the best traces, those seen on the main surface, 
are in unit III, which consists of thick bedded (30–50 cm) 
sandstones (Fig. 2).

We recognized most of the units (I–IV sensu Klassen 
1968) seen by Kaever and Lapparent (1974) and noted that 
the main track-bearing layer lies at 10.9 m above the base 
of the section, as measured independently in this study. 
We also recorded a second "trampled" layer at 11.25 m 
(Fig. 3). The third layer can only be seen in cross section. 
According to our interpretation, most of the sandstones lie 
above this level. According to Klassen (1968), the four-
fold division of the Kimmeridgian, observed to the east 
of the Wiehen Hills, cannot be precisely correlated west-
wards. However, recent studies on the sedimentology and 
sequence stratigraphy indicate that the track-bearing layers 
are in the middle part of the Süntel-Formation which can 

https://fossilvertebratesandtraces.colorado.edu/index.php/Front/FossilTracksCollection
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be attributed to the mutabilis ammonite zone (Cäsar 2012 
and Fig. 2).

Kaever and Lapparent (1974) note the presence of plant 
fossils, attributed to Cycads, Bennetitales and Ginkgos, 
insect traces, large desiccation cracks, and rain drop impres-
sions in the argillaceous sandstone lithofacies (presumably 
their Unit III). We noted large sub horizontal burrows on 
the main track-bearing surface, which we would attribute 
to invertebrates, of unknown affinity. Kaever and Lappar-
ent (1974) also indicated that during the Kimmeridgian, the 
Barkhausen tracksite was situated on the coast of a narrow, 
east–west arm of the sea, known as the straits of Osnabrück. 
They noted however that it was not possible to say whether 
the tracksite represents the northern or southern arm of this 
narrow seaway.

Palaeoenvironmental indicators point to hyposaline-to-
hypersaline periods (Gramann et al. 1997). These changes 
in salinity are documented in brackish to limnic deposits, 
intercalation of marine limestones, as well as anhydrite 
and cellular dolomites. In the western part of the Lower 
Saxony basin, i.e., at the Barkhausen site, sandstones with 
plant remains (see above) and crumbly claystones occur. 
These rocks show a peculiar texture and have been called 
“Bröckeltonsteine” by Klüpfel (1931), Klassen (1968) 
and Bailly et al. (2000): literally “crumbled claystone”. 
These sediments occur as reddish greenish clays underly-
ing the main track level in Barkhausen (Cäsar 2012 and 
Fig. 3). They have been interpreted as reworked paleosols 
by Gramman et al. (1997) and as palaeovertisols by Bailly 
et al. (2000).

The main track level is a fine-grained sandstone that 
shows small-scale cross stratification, that is the result of 
a bipolar current (fig. 4 in Bailly et al. 2000).

The sedimentary rocks at the Barkhausen site document a 
regressive sequence that starts with fluvial sandstones with 
plants that are overlain by continental soils. However, the 
track level itself seems to have been the product of either 
a storm deposit or tidal currents because of the hummocky 
cross stratification. This would indicate that the underly-
ing soils form a sequence boundary and the track level is 
the beginning of the next transgressive system tract. This 
was also stated by Bailly et al. (2000); however, they cite 
Haubold (1990a) that dinosaur track levels often occur at 
the end of a regressive sequence. The latter does not appear 
possible as during a regressive sequence, the track-bearing 
sequence would have been eroded away. It is therefore more 
probable that the track beds were preserved during the early 
transgressive phase after or following the end of a regressive 
sequence: i.e., when a transgressive system tract (TST) sedi-
ment is accumulated by coastal aggradation (e.g., Haq et al. 
1987). In fact, Haubold (1990b) supported this inference 
when he stated that “rich fossil record is found in times of 
high sea level, and vice versa.” In other words, aggradation 
helps preserve sediments that contain both body fossils and 
tracks.

A closer look at recent palaeogeographical maps indicates 
the Ringkøbing–Fünen high to the north and the Rhenish 
massif in the south (Lott et al. 2010 and Fig. 11), and it is 
most likely that the Barkhausen site represents an ancient 
tidal influenced delta system between these structural highs. 
This is supported by the palaeobotany of the underlying 
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Wiehen sandstones. They were formed in a fluvial domi-
nated delta plain (Schultka 1991). Specific plants include 
equisetales, osmundiacean ferns, bennetittalean cycads, and 
conifers such as Auracaria, Pagiophyllum, and the possible 
halophyte taxon Brachyphyllum. This indicates a conifer 
dominated vegetation associated with horsetail carpets along 
the riverbanks (Schultka 1991).

Description of the dinosaur tracks 
and comparison with previous reports

As indicated by Kaever and Lapparent (1974), the site 
was poorly known at the time of their study. They recog-
nized seven trackways designated a–g, of which a–f were 

attributed to sauropods heading to the south and south-
southeast. They named these sauropod trackways Elephan-
topoides barkhausensis. Trackway g was attributed to a 
large carnivore (theropod/megalosaur) also heading south 
(i.e., “up” after the present tectonic dip). They named this 
trackway Megalosauropus teutonicus. We agree with their 
interpretation of the tracks as those of sauropods and thero-
pods, though the ichnotaxonomy must be amended, but in 
almost all other significant details, our interpretations differ 
to varying degrees.

For example, we recognize at least nine sauropod track-
ways in which several consecutive footprints are recogniza-
ble. These are numbered S1–S9 in Fig. 4, and in Table 1. All 
these represent animals that were progressing from the south 
or southwest towards the north or northeast (i.e., “down” 
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present tectonic dip), in exactly the opposite direction sug-
gested by Kaever and Lapparent (1974). At least two other 
trackways are represented by isolated manus impressions at 
a higher elevation on the outcrop of the bedding plane. In 
addition to their erroneous interpretation of the direction 
in which the sauropods were heading, they suggested that 
most of the trackways are comprised of only pes impres-
sions, because the hind foot overstepped the front footprint 

completely, or at least partially, thus explaining the oval 
form of the tracks as combined hind and front footprints. We 
do not agree with this interpretation, because we observed 
many manus impressions, and manus–pes pairs (e.g., Lock-
ley et al. 2004: fig. 5A). In some cases, there was complete 
or partial overprinting, but in such cases, the oval outline of 
the pes represents the actual shape of the hind footprint, not 
a combination of manus and pes.
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Fig. 3  Geological section of the Barkhausen tracksite. a Overall section redrawn form Bailly et  al. (2000) with indication of the subunits in 
Roman numerals (after Klassen 1968). b Detailed section of the tracksite (logs of ML and CAM)
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We also disagree with the measurements suggested by 
Kaever and Lapparent (1974) for the sauropod trackways. 
They gave the length/width measurements of footprints in 
trackways a–c as 50/45, 57/40 and 33/? in cm, respectively. 
These are equivalent to our trackways S1–S3, for which 
corresponding measurements for the pes tracks are 35/25, 
37/33, and 30/20. Thus, it seems that the size of the tracks 
was significantly overestimated in most cases (on the order 
of 40% for the five values given for trackways S1–S3).

It is perhaps understandable that Kaever and Lapparent 
would have made some questionable interpretations of sau-
ropod tracks in 1974, since most of the modern sauropod 
tracksite descriptions now available had not then been pub-
lished. As they pointed out, very few sauropod tracksites 
were then known. In fact, these were the first sauropod tracks 
reported from Europe. This situation has changed signifi-
cantly with the documentation of hundreds of trackways at 
many Late Jurassic sites in Europe such as Switzerland, Por-
tugal, Spain, and France (Meyer 1990; Lockley et al. 1994b; 
Marty 2008; Marty et al. 2018; Belvedere et al. 2016). Late 
Jurassic sauropod tracksites and those from other epochs 
elsewhere in the world are too numerous to mention in the 
present study except where comparisons are necessary.

We agree with Kaever and Lapparent (1974) that track-
way g (T1 in Fig. 4) represents a large theropod heading 

south, and we are in approximate agreement with the meas-
urements they provide for foot size and step (pace) length. 
We note also, however, that four footprints in a similar but 
less deeply impressed trackway are visible heading towards 
the west (WNW). It is possible that the more distal (west-
erly) of these tracks (Fig. 5) was not visible at the time when 
Kaever and Lapparent made their study. In 1999, many of 
the trees around the site were felled, in preparation for a 
new phase of conservation and development, leading to 
much improved illumination of the site (Fischer et al. 2021). 
Indeed, at the time of our first study, conditions of illumina-
tion were excellent.

Diedrich (2011) observed 11 sauropod trackways and two 
theropod trackways. His interpretation of a herding of sauro-
pods crossing the surface as well as his amended diagnosis 
of the two ichnotaxa (Elephantopoides and Megalosauropus) 
are discussed below. Lallensack et al. (2015) about Diedrich 
(2011) noted that “several of his conclusions are not tenable 
due to serious errors and insufficient evidence”; in addition, 
the migration hypotheses formulated there does not mention 
the previous works (e.g., Meyer et al. 2006; Meyer 2011). 
For these reasons, we refrain from further discussing the 
results of his study.

The surface at present comprises roughly 200  m2 of 
which 80  m2 are protected from erosion by a roof. Two of us 
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(CM and BE) have remapped the surface in summer 2020 by 
in situ observation and orthophotographs shot with a drone 
combined with 3D elevation models. On the main surface, 
we observed a total of 111 individual tracks of which 93 sau-
ropod footprints in nine trackways and eight isolated tracks 
and nine theropod footprints in two trackways. The second 
track level contains 27 sauropod footprints and one possible 
theropod imprint. The differences between the 1999 map and 
the present one are minimal (Fig. 6).

Finally, we may note that the bed (unit 10) that overlies the 
main track-bearing surface (top of unit 9) appears to be quite 
heavily trampled (Figs. 3, 4). It is not possible to distinguish 
clear trackway segments, in this layer, and to obtain further 
useful footprint information, it would be necessary to clean 
the layer to remove a considerable accumulation of moss and 
other vegetation growth. Parts of this layer (unit 10) lack foot-
prints and exhibit, by contrast, large well-developed desicca-
tion cracks and ripple marks that trend ENE–WSW. This is in 
contrast to ripple marks that trend WNW–ESE on the underly-
ing layer (unit 9). On both surfaces, the ripple marks appear 
to be better developed towards the west end of the exposures.

Interpretation of the trackways

Kaever and Lapparent (1974) suggested that “the carnivore 
was walking from north to south parallel to the other track-
ways left by the herbivores” and that the passage of the two 
types had to have been very close in time. This interpretation 
evidently reminded them of the famous Paluxy River site in 
Texas (Bird 1985), where “a large predator followed the trail 
of a heavy and placid herbivore. At Barkhausen also, one can 
reconstruct without doubt an analogous scene which took 
place 150 million years ago” (our translation from Kaever 
and Lapparent 1974: 523–524). We note here that there has 
been much debate as to whether the Texas interpretation is 
correct, because maps show that there were several theropod 
trackways oriented in the same direction as several sauropod 
trackways (Bird 1985; Farlow et al. 1989: fig. 42.1), so sev-
eral theropods followed or progressed in the same direction 
as several sauropods. However, it has been debated whether 
at least one of the theropods was following or attacking one 
of the sauropods as to the point of a change in direction 
when the putative victim did (Farlow et al. 2012).

With respect to Barkhausen, Thulborn (1990) correctly 
noted that “Several sauropod trackways, Elephantopoides 
barkhausensis, extend from top to bottom: large tridactyl 
prints of a carnosaur, each about 56 cm long are headed in 
the opposite direction.” (Thulborn 1990: 169 and 307, pl 
0.13). No other information was given to indicate how this 
interpretation of the direction of sauropod trackway travel 
was determined. We consider however, as indicated above 
that it is quite correct.M
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Systematic ichnology

Descriptions of Elephantopoides barkhausensis and Mega-
losauropus teutonicus (Kaever and Lapparent 1974) were 
inadequate, as already noted by Lockley et al. (1994c). We 
therefore provide a revised diagnosis and description of 
Elephantopoides barkhausensis and discuss the status of 
Megalosauropus teutonicus.

Lockley et al. (1994c) suggested that, Elephantopoides 
barkhausensis, although on their list of “undiagnostic ich-
nites”, may nevertheless “be of sauropod affinity”. How-
ever, it was not absolutely clear, from published illustra-
tions (Friese 1972, 1979; Kaever and Lapparent 1974) that 
it was not attributable to another large dinosaur. It was then 
also not clear that manus and pes tracks had been clearly 
differentiated, or anterior–posterior orientation (direction 
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Depth

Fig. 5  3D Contour map of the site



546 C. A. Meyer et al.

1 3

2 m

N
a

b c

g d

e
f

5 m

5 m

N

1

4

2
3

5 6

7

8

9

5 m

N

1 2 3 4 5 6 7 8 9
10

5 m

45

N

1 2 3 4
5 6

7
8

9

N
30

60

E

120

150
S

210

240

W

300

330

a

N=7

m Sauropods: 350

N
30

60

E

120

150
S

210

240

W

300

330

N=11

b

m Sauropods: 205

N
30

60

E

120

150
S

210

240

W

300

330

N=12

c

m Sauropods: 207

N
30

60

E

120

150
S

210

240

W

300

330

N=11

d

m Sauropods: 202

Fig. 6  Comparison of the different published maps of the Barkhausen 
site and traveling directions of dinosaurs: a Kaever and Lappar-
ent 1974; b Explanatory panel at the site from Lockley et  al. (2002 
unpublished manuscript: compare in part with Lockley and Meyer 

2000: fig. 7.9); c Diedrich 2011, tracks in color are those we did not 
recognize in our map; d this paper. Red in directional pie slices are 
for theropods, gray for sauropods. N number of measurements, m 
mean vector in degrees



547A reevaluation of the Late Jurassic dinosaur tracksite Barkhausen

1 3

of travel) determined, although Klassen (in Friese 1979) 
pointed out the orientation error, consistent with the map 
presented by Lockley and Meyer (2000: fig. 7.9) and the 
scale trackway diagram of Lockley et al. (2004), both show-
ing manus and pes and trackway orientations. However, this 
report did not discuss sauropod ichnotaxonomy as it per-
tained to the Barkhausen site. It is also not clear from the 
descriptions given by Kaever and Lapparent (1974), which 
of the six trackways a–f) was regarded as the holotype. For 
these reasons, it was suggested that the ichnospecies might 
be considered a nomen dubium, as then described (Lockley 
et al. 1994c; Lockley and Meyer 2000). The present study 
confirms that these are indeed sauropod tracks, but this 
determination is based on reinterpretations of details of track 
morphology, including gauge and heteropody, that depart 
considerably from those presented previously. Notably, since 
1974, it has been necessary to establish the correct orienta-
tion of the trackways, a reorientation of 180° (Klassen in 
Friese 1979; Lockley and Meyer 2000), the recognition of 
clear manus traces, and their small size in some segments 
of certain trackways, the enlargement of the sample, and the 
acquisition of a larger set of reliable measurements than pre-
viously available. Hence, it is necessary to give a better ich-
notaxonomic description of Elephantopoides barkhausensis.

Nomenclatural acts The electronic edition of this article 
conforms to the requirements of the amended International 
Code of Zoological Nomenclature, and hence, the new 
names contained herein are available under that Code from 
the electronic edition of this article. This published work and 
the nomenclatural acts it contains have been registered in 
ZooBank, the online registration system for the ICZN. The 
ZooBank LSIDs (Life Science Identifiers) can be resolved 
and the associated information viewed through any standard 
web browser by appending the LSID to the prefix “http:// 
zooba nk. org/”.

The LSID for this publication are: urn:lsid:zoobank.
org:act:80CE46AB-3E75-4321-8FDE-3F59108F2914 
(Parabrontopodus barkhausensis) and urn:lsid:zoobank.
org:act:4EAF83BD-C917-4B2E-9A75-2CA0E61C467F 
(Jurabrontes teutonicus).

The electronic edition of this work was published in a 
journal with an ISSN, and has been archived and is available 
from the different digital repositories, e.g., PubMed Central, 
LOCKSS.

Sauropod tracks

Preamble. As noted by Lockley and Meyer (2000: 159), 
“the name Elephantpoides is inappropriate, because there 
is clearly no evidence for elephants in the Jurassic. Such 
a name may confuse lay persons…” These authors in fact 
used the ichnogenus names in inverted commas as “Ele-
phantopoides” (Lockley and Meyer: fig. 7.8). Unfortunately, 

the ICZN code does not allow ichnotaxonomic names to 
be suppressed, simply because they are inappropriate or 
misleading, only if they are also undiagnostic, or named in 
contravention of rules pertaining to documentation of type 
material, type localities, and other fundamental attributes. In 
the 1990s, it was appropriate to label E. barkhausensis as an 
undiagnostic nomen dubium. However, subsequent studies 
have shown the tracks to be diagnostic examples of sauro-
pod tracks. A first step to such improved understanding is to 
re-describe and re-illustrate inadequately described tracks, 
as has been done in subsequent publications (Lockley and 
Meyer 2000; Lockley et al. 2004; Diedrich 2011).

In re-illustrating the tracks, Lockley and Meyer (2000: 
fig. 7.9) clearly showed that trackway S1, is the most diag-
nostic, and includes both manus and pes tracks, also shown 
by Lockley et al. 2004: fig. 5A). Diedrich (2011) followed 
these examples in designating trackway S1 as the holotype. 
Kaever and Lapparent (1974) had not originally designated 
a holotype.

Such improved descriptions ‘salvage’ E. barkhausen-
sis from a nomen dubium status and allow for comparison 
with other well-described sauropod ichnites. For example, 
Lockley et al. (2004: 267) stated that “much smaller manus 
(greater heteropody) found in sauropods from the late Juras-
sic Barkhausen site (Kaever and Lapparent 1974; Lockley 
and Meyer 2000).” This suggests a relationship with small 
manus sauropod tracks such as Parabrontopodus mcintoshi 
(Lockley et al. 1994c) which has defined has having two 
diagnostic characteristics: narrow gauge and small manus 
(strong heteropody).

Ichnofamily Parabrontopodidae Apesteguia, 2005

Ichnogenus Parabrontopodus Lockley et al., 1994c

Type ichnospecies. Parabrontopodus mcintoshi Lockley 
et al., 1994c.

Emended diagnosis. Narrow sauropod trackway of medium-
to-large size (footprint length about 50–90 cm), character-
ized by no space between trackway mid-line and inside mar-
gin of pes tracks. Pes footprint longer than wide with long 
axis rotated outward. Pes claw impressions corresponding 
to digits I, II, and III show strong outward rotation. Manus 
tracks semicircular and small in comparison with pes tracks 
(i.e., pronounced heteropody) (Lockley et al. 1994c).

Description. As in Lockley et al. 1994c.

Parabrontopodus barkhausensis (Kaever and Lapparent, 
1974) comb. nov.
Figures 4, 7, 8

http://zoobank.org/
http://zoobank.org/
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Diagnosis. As for ichnogenus.

Synonymy. Shortened version.

*1974 Elephantopoides barkhausensis Kaever and Lapparent.
1984 Elephantopoides barkhausensis—Haubold.
1990 Elephantopoides barkhausensis—Thulborn.
1994 Elephantopoides barkhausensis—Lockley, Farlow and Meyer.
2000 Elephantopoides barkhausensis—Lockley and Meyer.
2011 Elephantopoides barkhausensis—Diedrich.
2014 Elephantopoides barkhausenensis [sic!]—Rothe.
2015 Elephantopoides barkhausensis—Lallensack.

Type species. Elephantopoides barkhausensis Kaever and 
Lapparent, 1974.

Holotype. Trackway herein designated as number S1 
(Fig. 8). No holotype designated by Kaever and Lapparent 
(1974), but implied/selected in a series of steps as noted 
above (Lockley and Meyer 2000; Lockley et al. 2004; Die-
drich 2011): see replica of manus pes set UCM 193.11 from 
Trackway S1 in Fig. 4.

Topotypes/paratypes. Trackways S 2–5 and 7–9 (Fig. 4) from 
type locality.

Type locality. Barkhausen, Germany.

Type horizon. Middle Süntel Formation, Middle 
Kimmeridgian.

Diagnosis (emended). Trackway of sauropod, with pes trace 
much larger than manus trace. Pes trace oval, manus tracks 
semicircular and small in comparison with pes tracks (i.e., 
pronounced heteropody). Pes footprint longer than wide with 
long axis positively rotated. Pes with shallow digit impres-
sions. Space between inner margins of pes traces approxi-
mately equivalent to one pes width.

Description. Trackway of a narrow-medium sauropod with 
strong heteropody (pes considerably larger than manus). Pes 
oval averaging about 36 cm long (range 30–47 cm: holo-
type 35.5 cm) without recognizable claw impressions. Pes 
width averaging about 27 cm (range 20–33.5 cm: holotype 
33.5 cm). Four digits can be seen in the holotype (see Fig. 7). 
Manus averaging about 13 cm long (range 11–17 cm: holo-
type 12 cm) and 23 cm wide (range 16–28 cm: holotype 
24  cm) in examples with well-preserved outlines. Step 
(pace) ranging from 74 to 114 cm and stride ranging from 
110 to 164 cm. The manus is positively rotated (outward) 
relative to the pes (between 25° and 35°). External trackway 
width (measured from outside of pes) ranging from 67 to 

Track outline

Track external outline

Rim external margin

Internal morphologies

cm -6.5

0.0

3.7

1.8

-3.2

a b c

Fig. 7  Sauropod manus and pes set of the type specimen in trackway S1 corresponds to the ‘hard copy” replica UCM 193.11: a rectified orthofo-
tograph. b Outline drawing. c False color and contour map (Line spacing 2 mm)



549A reevaluation of the Late Jurassic dinosaur tracksite Barkhausen

1 3

108 cm; internal trackway width (measured from inside of 
pes) from about 15–30 cm (cf. Lockley et al. 2004: fig. 5A). 
One trackway (S6) shows a slight curvature to right and a 
placement of right manus closer to the mid-line. The pres-
ervation grade of the tracks and trackways (e.g., Marchetti 
et al. 2019) is 1.5.

Discussion. Elephantopoides barkhausensis occupies a 
special place in the history of sauropod track research in 
Europe, as the first sauropod tracks described and named. 
It is also notable that the name Elephantopoides inappro-
priately implies an elephant trackmaker. To confuse the 
issue, the trivial name has been misspelled as barkhause-
nensis (e.g., Rothe 2014). As suggested above, this invited 
labelling the ichnotaxon as a nomen dubium, because it 
was not shown to be diagnostic when originally defined. 
Thus, as unequivocal sauropod ichnotaxa were subsequently 
described, different sauropod trackway morphotypes were 
available for comparison: notably Parabrontopodus defined 

on the basis of a narrow gauge, small manus morphotype 
from the Late Jurassic (Lockley et al. 1994c).

Other named sauropod tracks from Europe include 
Rotundichnus muenchehagensis (Hendricks 1981; Fischer 
1988; Thies 1998; Lockley et al. 2004) from the basal Cre-
taceous of Germany, which is clearly wide gauge but with 
a relatively large manus in contrast to the relatively small 
manus morphology of P. barkhausensis. No other ichno-
species have been named from the Late Jurassic of Europe, 
although tracks in Portugal and Switzerland have been com-
pared, at the ichnogenus level with Brontopodus and Para-
brontopodus (Lockley et al. 1994c).

As indicated in the description, and accompanying data, 
P. barkhausensis trackways represent sauropods of small-to-
moderate size (Table 1). These size measurements are about 
30% smaller, on average, than those suggested by Kaever 
and Lapparent (1974). Indeed, the trackways (S5 and S7) 
with the smallest footprints are very similar in dimensions 
to the small sauropod trackways previously reported from 

Fig. 8  Rectified orthofotograph (a) and height map of sauropod track-
way 1 (S1) attributed to Parabrontopodus (b). Trackway 1 (S1) is 
considered as the holotype (see text). The most complete right manus 

pes was molded and preserved as UCM 193.11 during the 1999 study 
(Contour line spacing 5 mm)
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Western Europe, in the Late Jurassic (Kimmeridgian) of Por-
tugal, which has a footprint length of 30 cm and a footprint 
width of 25 cm (Lockley and Santos 1993).

However, from the Late Jurassic of northern Switzerland, 
a group of 8 subparallel tiny sauropod trackways has been 
reported (Belvedere et al. 2016). The tracks are very small 
(mean PL: 11.6 cm; PW: 7.8 cm; ML: 4.4 cm, MW: 7.6 cm; 
small heteropody) and well preserved (dI-IV, dI-II claws, 
manus ungual).

Any claims that trackway S5 or S7 are Europe’s smallest 
sauropod trackways must be considered cautiously, because 
the preservation of these trackways is not quite as good as 
those in Switzerland and Portugal. In comparison with a 
group of six trackways attributed to “juveniles” at another 
Late Jurassic (Portlandian) site in Portugal (Lockley et al. 
1994b) where the mean footprint length is 42 cm and width 
28  cm (N = 6). The Barkhausen tracks (N = 9) are 14% 
shorter and 4% narrower, respectively, in terms of average 
pes length and width. Thus, the Barkhausen tracks can be 
considered small in comparison to those from other known 
European sites.

To the best of our knowledge, no one has suggested 
applying the name Elephantopoides barkhausensis to sau-
ropod tracks from any localities other than Barkhausen, even 
though the type material discussed here has been the sub-
ject of much attention. We continue this precedent and note 
that the original description of the tracks prevents detailed 
comparisons with other sauropod ichnites, especially for 
ichnotaxonomic purposes. However, since the tracks have 
subsequently been adequately described, they can be com-
pared with reliably established ichnotaxa, which since 
1994 have been categorized according to gauge (narrow or 
wide) and heteropody (small or large manus). Although the 
Barkhausen tracks lack pes claw impressions, this is com-
mon in many sauropod tracks. However, trackways suggest 
an animal that had very small front feet relative to its hind 
footprints (high heteropody, like Parabrontopodidae: sensu 
Apesteguia, 2005). Such trackway configurations are seen 
in Breviparopus taghbaloutensis (Dutuit and Ouazzou 1980) 
from the Late Jurassic of Morocco (Belvedere 2008; Had-
doumi et al. 2010; Marty et al. 2010) and Parabrontopodus 
mcintoshi (Lockley et al 1994c; Belvedere et al. 2008) from 
the Late Jurassic of Colorado. Both these two forms are nar-
row gauge. Unnamed tracks from the Late Jurassic of Portu-
gal and Utah (Lockley et al. 1994a, c; Barnes and Lockley 
1994) also show this pronounced heteropody, but are not 
narrow gauge. It is possible therefore that P. barkhausensis, 
like the tracks from Portugal and Utah, represents a small 
manus but wide gauge trackmaker.

The gauge variability shown in different sauropod track 
morphotypes from the Swiss Late Jurassic tracksites (Marty 
et al. 2010) and the Late Cretaceous of Bolivia (Meyer et al. 
2018, 2021) casts doubt on the use of this parameter as an 

ichnotaxonomical proxy, as suggested by Lockley et al. 
(1994c). The ichnotaxonomic separation of the ichnotaxon 
Brontopodus from Parabrontopodus based on the trackway 
gauge only is in our view only to be suggested with cau-
tion and needs support from other criteria most notably 
heteropody; stated another way large versus small manus 
measures of heteropody are more directly reflective of track-
maker morphology than trackway gauges which may reflect 
variations in gait and substrate. These polarities in sauropod 
gauge and heteropody have been much discussed since first 
proposed in the 1990s (Farlow 1992; Lockley et al. 1994a, 
b, c, d) and have generally been supported by theoretical and 
experimental studies (Wilson and Carrano 1999; Carrano 
and Wilson 2001; Henderson 2006).

If subsequent studies support the division of sauropod 
trackway types into small manus/wide gauge, as well as 
small manus/narrow gauge, it is possible that P. barkhause-
nsis could be regarded as the first named representative of 
the former category. Here, we should note that we recorded 
three well preserved, isolated manus tracks which are not 
associated with the nine numbered trackways identified 
in Fig. 4. Two of these are impressions, one of which was 
found at the extreme west end of the site, just off the map. 
The second (UCM 193.10), preserved at the east end of the 
site above the wall which protects the best trackways, was 
replicated. The third track (UCM 193.12) from the center 
of the site is preserved as a raised feature and appears to 
be the residue of a compacted layer that was impressed 
onto the main track-bearing surface when the sauropod 
foot compacted part of the overlying layer. Raised sauropod 
tracks have been reported from the Late Jurassic of Utah by 
(Barnes and Lockley 1994).

It is interesting to note that the isolated manus tracks 
(Sl0–S12) are significantly larger than those recorded in the 
trackways (S1–S9), revealing an average length of 24.5 cm 
and width of 28.5 cm in comparison with values of 13.1 
and 23.3 (see Table 1). Given that these measurements indi-
cate manus traces 87% longer and 22% wider, on average, 
than those we recorded, in the trackways, we can either infer 
that they represent a different species or morphotype with a 
longer manus, or that the manus in most trackways is short-
ened significantly by the influence of the pes registering 
behind it (see Fig. 8). In trackway S6, however, manus tracks 
are situated far enough away from the pes tracks to suggest 
that such distortion was not a significant factor. Nonetheless, 
larger manus tracks with distinctive sauropod outlines are 
sporadically preserved in the main track bed without corre-
sponding pes tracks. It is now known that isolated sauropod 
manus tracks, and manus-dominated or manus-only track-
ways are quite common in the ichnological record (Lockley 
et al. 1994d).

If we sum up the discussions presented above, we attrib-
ute the sauropod tracks from Barkhausen to the ichnofamily 
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Parabrontopodidae. The naming of Elephantopoides pre-
dates the erection of the ichnogenus Parabrontopodus, and 
it was poorly understood until a series of revisions were 
undertaken. These revisions demonstrated that: (a) Kaever 
and Lapparent (1974), have not designated a holotype, (b) 
they did not recognize the manus tracks, (c) they incorrectly 
interpreted the orientation of the trackways (i.e., the direc-
tion of trackmaker progression), and (d) based on the origi-
nal study and descriptions of Elephantopoides, this ichno-
genus had already been declared a nomen dubium prior to 
this study, thereby inviting the detailed revised description 
given here.

Based on the presence of nine trackways at Barkhausen, 
that are all oriented in much the same direction, it is pos-
sible to suggest that the P. barkhausensis trackmaker was 
gregarious. Not all trackways are sufficiently well preserved 
to demonstrate that only one ichnospecies was present, how-
ever, at most sites where multiple parallel trackways occur 
the morphology of individual trackways is very similar, and 
the size range is often similar also (Lockley et al. 1994c). 
Conversely, there are no sets of parallel to subparallel sauro-
pod trackways which have been interpreted as representing 
different species, even if they have been interpreted as rep-
resenting different age groups. The Barkhausen site appears 
to be no exception.

Using the standard formula for estimating hip height 
(= 4FL), it varies in the different trackways between 124 
and 187 cm and the gleno-acetabular distance ranges from 
96 to 125 cm. These estimates indicate most probably small 
or juvenile individuals. The proportions of the coeval sau-
ropod taxon Europasaurus from the Kimmeridigan Langen-
berg quarry have a trunk length that ranges from 30 cm in 
immature to 210 cm in mature specimens and a hip height of 
20 cm in immature to 180 cm in adult specimens. Although 
these measurements fit well in the size range indicated by 
the tracks and trackways, we can only speculate that these 
were left by this contemporary taxon. This is because the 
appendicular elements such as feet and hands are only poorly 
known (Carballido and Sanders 2014).

Theropod tracks

Preamble. The theropod tracks from Barkhausen have a 
complicated and problematic ichnotaxonomic history, due 
to confusing use of the ichnogenus labels Megalosauripus 
and Megalosauropus (with an ‘i’ and an ‘o’, respectively) 
when first defined (Lessertisseur 1955, and Colbert and Mer-
rilees 1967, respectively). The Barkhausen tracks were first 
described and named as Megalosauropus teutonicus (Kaever 
and Lapparent 1974). However, Lockley and Meyer (2000) 
pointed out: (a) that the name Megalosauripus (spelled with 
an ‘i’) had previously (Lessertisseur 1955) been coined for 

other theropod tetradactyl tracks from a different (Creta-
ceous) stratigraphic unit and site in Germany, and osten-
sibly also for Late Jurassic tracks (named Eutynichnium) 
from Portugal, and (b) the Barkhausen tracks were quite 
different from the type of Megalosauropus (spelled with an 
‘o’) from Australia (Colbert and Merrilees 1967). Thus, the 
Barkhausen tracks were provisionally relabelled Megalosau-
ripus teutonicus (spelled with an ‘i’). This proposition also 
discussed by (Lockley 2000a) was controversial, challenged 
by Thulborn (2001) and mentioned by Diedrich (2011) as a 
questionable interpretation of the ICZN. However, because 
the type of Megalosauripus was never relocated and restud-
ied, and because the ichnogenus label Megalosauripus (with 
an ‘i’) was widely adopted for Late Jurassic theropod tracks, 
as by Razzolini et al. (2017), there may not be universal 
agreement on the ichnotaxonomic status of Megalosauripus, 
(although Megalosauropus with an ‘o’ is restricted to the 
Australian type).

Regarding the Barkhausen tracks, Lockley and Meyer 
(2000) also demonstrated such basic features as the 1.18 
L/W ratio was 25% greater and more theropod-like than the 
L/W ratio reported by Kaever and Lapparent (1974). Thus, in 
the original paper, the latter authors provided an inadequate 
description of the theropod tracks. This leaves open the need 
for a revision, which has been spurred by the recent dis-
covery of other Late Jurassic theropod tracks that are more 
like those from Barkhausen than either Megalosauripus or 
Megalosauropus. Specifically, we infer that the Barkhausen 
tracks closely resemble the Swiss ichnospecies Jurabrontes 
curtedulensis described by Marty et al. (2018), who also 
discussed the similarity. Belvedere et al. (2016, 2019) also 
supported the similarities with Jurabrontes and preliminarily 
suggested a taxonomic revision of the German tracks. Given 
this similarity to Jurabrontes and the lack of convincing 
similarity to either Megalosauripus or Megalosauropus, it is 
appropriate to assign the Barkhausen tracks to Jurabrontes. 
This raises the question of whether to retain the trivial ichno-
species name ‘teutonicus’ under the new combination Jura-
bontes teutonicus nov. comb. or simply regard it as an exam-
ple of J. curtedulensis. The former ‘historical’ option honors 
the formal ichnological intention of Kaever and Lapparent 
(1974) without declaring M. teutonicus a nomen dubium. 
It also allows a description of the differences between the 
Barkhausen, the Switzerland morphotypes, which have also 
been mentioned by Marty et al. (2018) and discussed also in 
Belvedere et al. (2019).

Ichnofamily Eubrontidae Lull, 1904

Ichnogenus Jurabrontes Marty et al., 2017

Type ichnospecies. Jurabrontes curtedulensis Marty et al., 
2017.
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Emended diagnosis. Giant tridactyl tracks; longer than 
wide; digits II–III–IV with a clear phalangeal pad 2–3–4 
configuration; peculiar and isolated position of the proxi-
mal pad PIII1 of dIII; broad sub-triangular, pointed claw 
marks present on the tips of all three digits II–III–IV; nar-
row and slightly asymmetric interdigital divarication angles 
(II^III < III^IV); small anterior triangle and weak mesaxony; 
asymmetrical heel region; broad and massive digits with a 
blunt aspect; lack of a hallux impression (Marty et al. 2017).

Description. As in Marty et al., 2017.

Jurabrontes teutonicus (Kaever and Lapparent, 1974) 
comb. nov.
Figures 9, 10

*1974 Megalosauropus teutonicus Kaever and Lapparent.
2000 Megalosauripus teutonicus—Lockley et al.
2011 Megalosauripus teutonicus—Diedrich.
2017 Megalosauripus teutonicus—Marty et al.

Type material. All the type specimens of Kaever and Lap-
parent (1974). Two tridactyl trackways from the Barkhausen 
Quarry. One trackway (T1) is oriented south the other (T2) 
shows an NW trend. Their overall morphology and robust-
ness indicate a megatheropod trackmaker. Trackway 1 
consists of four consecutive footprints which are deeply 
impressed in the sequence L1, R1, L2, R2. Trackway 2 con-
sists of five footprints but only one is showing a tridactyl 
outline (Figs. 9, 10), and the others are very shallow and 
difficult to see with the naked eye. We think that T2 was 
originally made on a higher level and represents underprints 
only, despite the rather well-preserved last visible imprint 

(Fig. 9). However, it might also be the result of differences 
in the water content of the substrate.

Diagnosis (emended). Giant tridactyl track, longer than wide 
(L/W > 1.00). Digit traces wide and blunt. Digital pad traces 

cm -4.6

0.0

3.3

1.7

-2.3

Track outline
Track external outline

Rim external margin

Internal morphologies
Not well defined

a b c

Fig. 9  Outline drawing, photograph, and height map of left footprint (L1) of Jurabrontes teutonicus comb. nov. from trackway 2 (T2). a Recti-
fied orthofotograph; b outline drawing; c false-color and contour map (line spacing 2 mm)

Fig. 10  False color and contour map of theropod tracks of T1 (con-
tour line spacing 5 mm)
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indistinct, but distal claw marks discernable. Anterior trian-
gle L/W ratio ~ 0.40. Hallux traces absent. Trackway narrow, 
pes rotation minimal.

Description. Giant tridactyl track, longer than wide (FL: 
62.5 cm; FW: 53 cm: L/W 1.18), slightly asymmetric inter-
digital divarication angles (II^III < III^IV), rounded sym-
metrical heel region; digits are blunt; sometimes, they appear 
to be pointed, relatively broad and with distinguishable claw 
marks. Digit IV is the longest, followed by digit III and digit 
II; digit III is bent towards the inside of the footprint: i.e., 
towards the trackway mid-line; digit II impressions are gen-
erally deeper than those of digit IV; digital pad impressions 
are uncommon, very shallow and occur in the distal part of 
digit III and, in T1, as the impression of the most proximal 
pad of dIII; no proximal pad impression occurs; the anterior 
triangle has a low L/W ratio (~ 0.40); lack of hallux impres-
sions. Trackway narrow, pes rotation minimal. The preserva-
tion grade of the tracks and trackways (e.g., Marchetti et al. 
2019) is 1.5.

Discussion. As noted before Marty et al. (2018) and Belve-
dere et al. ( 2019) compared Jurabrontes with M. teutonicus 
and noted a great overall similarity in the blunt, sometimes 
sharp, massive digit, clear claw marks, and the rounded heel; 
the characteristic phalangeal pad pIII1 impression is not vis-
ible. The overall shape including L/W ratio is very similar, 
especially to the less well-preserved Jurabrontes specimens 
(e.g., Marty et al. 2018: fig. 6e–h). We therefore attribute 
the Barkhausen theropod footprints to Jurabrontes teutoni-
cus comb. nov. As a general rule, we note that the larger 
theropod tracks (L > 40 cm) often have a “fleshy appearance 
and lack well-defined creases separating the digital pads” 
(Lockley 2000a, b), as also recently confirmed by Lallensack 
et al. (2019).

Based on skeletal data, Farlow (2018: 100) stated that 
“across theropods as a group, there is a tendency for dig-
its (especially II and III) to become relatively stouter with 
increasing size”. We agree with Lallensack et al. (2015) that 
the tridactyl tracks from the Late Jurassic of the Langen-
berg quarry (near Oker) are very similar to those found in 
Barkhausen.

The Barkhausen tracks are similar in the overall shape to 
Iberosauripus grandis Cobos et al. (2014); however, the lat-
ter exhibits generally narrower interdigital angles. They dif-
fer from Eubrontes giganteus Hitchcock in their smaller size 
and less-elongated digits, missing phalangeal pad impres-
sions (less-pronounced interdigital pad creases), a lower 
mesaxony (sensu Lockley 2009), and more pronounced 
rounded heel pad. If compared to the amended M. uzbekis-
tanicus Gabuniya and Kurbatov (1982), the German tracks 
have a less sigmoidal digit III, broader and more robust digit 
impressions and almost completely lacks discrete phalangeal 

pad impressions; they exhibit a higher symmetry of the III^II 
and III^IV interdigital angles. Megalosauripus transjurani-
cus Razzolini et al. (2017) is more elongate and shows 
clearer phalangeal pad impressions. Most notably, the ich-
notaxon exhibits a very characteristic PIV1 phalangeal pad 
impression (heel pad) that is the widest and largest phalan-
geal pad with a rounded shape, connected to the rest of the 
PIV1 impression which is lacking or obscure in Barkhausen 
footprints. Euthynichnium lusitanicum Nopcsa, 1923 differs 
in the presence of a hallux impression, allying it to Lesserti-
seur’s concept of Megalosauropis (with an ‘i’). Euthynich-
nium also has higher symmetry, a shorter extension of dIII, 
and the general shape of the heel region.

Boutakioutichnium atlasicus Nouri et  al. (2011) has a 
marked proximolaterally oriented hallux impression, lack-
ing in most large Late Jurassic theropod tracks and shows a 
weaker mesaxony. Megalosauropus broomensis Colbert and 
Merrilees (1967) has an atypical phalangeal pad formula 
of 3–4–5 for digits II–III–IV (Romilio and Salisbury 2011; 
Salisbury et al. 2016), which is not visible in the Barkhausen 
tracks. The apparent differences between Megalosauropus 
broomfieldensis spelled with an ‘o’ and Megalosauripus of 
Lessertiseur spelled with an ‘i’ which he compared with 
Late Jurassic as well as Early Cretaceous tracks generated 
much discussion and led to the use of the latter ichnogenus 
(with an ‘i’) in new combination for Late Jurassic theropod 
tracks from North America, Asia, and Europe (Lockley and 
Meyer 1998), and was recently followed in naming Megalo-
sauripus transjurassicus Razzolini et al. (2017). Bueckebur-
gichnus maximus Kuhn (1958) (see Lockley 2000a; Megalo-
sauripus sensu Thulborn 2001) differs from the Barkhausen 
tracks in the extension of dIII (more pronounced mesaxony), 
a different configuration of the interdigital angles, and the 
presence of the large and long, posteriorly oriented hallux. 
Hispanosauropus hauboldi Mensink and Mertmann 1984 
(revised and discussed in Lockley et al. 2007; Avanzini et al. 
2011 and Foster 2015) has a less sigmoidal dIII, slightly 
more defined digits, and a more rounded heel region. The 
ichnotaxon Irenesauripus Sternberg (1932) exhibits wider 
and blunter digits. Irenichnites Sternberg (1932) shows 
blunter digits, the occurrence of a heel pad and the dII 
impression is not separated from the other digits. Tyran-
nosauripus pilmorei Lockley and Hunt (1994) has a well-
developed hallux, shows a less-pronounced asymmetry, and 
has a different overall shape. Bellatoripes fredlundi McCrea 
et al. (2014) exhibits claw marks and some phalangeal pads 
and shows a different relative size of digit dII and dIII. The 
occurrence of clear claw marks, the relatively narrow and 
slightly asymmetric interdigital angles, and the difference 
in length of digits II and IV impressions allow us to exclude 
valid ornithopod ichnotaxa (Díaz-Martínez et al. 2015) from 
the comparison.
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Conclusions

The Barkhausen dinosaur tracksite reveals trackway seg-
ments attributable to at least nine sauropods heading north, 
not south as originally proposed. This may indicate gregari-
ous behavior. True tracks are generally significantly smaller 
than was originally reported.

A revised description of the sauropod tracks, originally 
named Elephantopoides barkhausensis, identifies the track-
maker as a small/manus, wide gauge variety, similar to at 
least other unnamed varieties known from the Late Juras-
sic of Portugal and Utah belonging to the small ichnogenus 
Parabrontopodus. Such forms may be distinct from small 
manus, narrow gauge types, and may be due to locomotion 
and substrate variability. The original manus size must have 
been somewhat larger in relation to pes size, as many of the 
manus impressions were reduced in size by the forward dis-
placement of the substrate during the registration of the pes 
(Fig. 7). Thus, we recognize the Barkhausen and Langenberg 
tracks as Parabrontopodus barkhausensis comb. nov.

Since the discovery of the Barkhausen site, almost hun-
dred years ago more than 50 tracksites with sauropod foot-
prints have been reported from the Late Jurassic of Por-
tugal, Spain, France, and Switzerland. Most of them were 
attributed to two different ichnotaxa. Brontopodus and 
Parabrontopodus were separated on the basis of trackway 
gauge and the heteropody ratio (Farlow 1992; Lockley et al. 
1994c). However, while this general trend remains impor-
tant, it has been demonstrated that sauropods trackway gauge 
may sometimes vary from narrow to wide within a single 
trackway. Examples from the Late Jurassic of Switzerland 
and the Late Cretaceous of Bolivia (Meyer et al. 2018, 
2021) cast doubt on whether the two sauropod ichnotaxa 
can be separated by gauge variability alone. A revision of 
the known sauropod trackways would be helpful to address 
these concerns.

There are two theropod trackways (cf. Lockley and Meyer 
2000). The inference that the most deeply impressed of these 
trackways represents a predator stalking or chasing one of 
the sauropods is not tenable, as both of the trackways go in 
opposite directions.

The palaeoenvironment shows hyposaline-to-hypersaline 
periods (Gramann et al. 1997) and the Barkhausen site most 
likely represents an ancient tidal influenced delta system. 
This is corroborated by the palaeobotanical record that 
points at a fluvial dominated delta plain with a conifer veg-
etation associated with horsetail carpets along the riverbanks 
(Schultka 1991).

Advances in the study and ichnotaxonomic refinement 
of Late Jurassic theropod tracks in Europe allow us to reas-
sess the theropod tracks to the similar well-defined ichno-
genus Jurabrontes. Thus, we recognize the Barkhausen and 
Langenberg tracks as Jurabrontes teutonicus comb. nov. 
This expands the known occurrences of this ichnogenus 
and the large apex predator it represents beyond Switzer-
land, Portugal to Germany, implying a trans-European or 
even trans-Tethyan distribution (Belvedere et al. 2019). The 
widespread distribution during the acanthicum/mutabilis 
zone of the Late Kimmeridgian, the presence of a diverse 
sauropod ichnoassemblage and a diverse dinosaur skeletal 
assemblage (Europasaurus, Amanzia, stegosaurs, theropods) 
corroborates the hypothesis of a ‘faunal exchange corridor’ 
between the Rhenish Massif–London-Brabant Massif, the 
Jura mountains and further south (Massif Central—Iberian 
Meseta) (Fig. 11; Meyer et al. 2006; Meyer 2011; Razzolini 
et al. 2017) and most likely also with Gondwana (Belve-
dere et al. 2019) during sea level low stands. Furthermore, 
we note a similar widespread occurrence of the ichnotaxon 
Megalosauripus transjuranicus (Razzolini et al. 2017) rep-
resenting a medium-sized theropod and the presence of 
isolated bones attributable to megalosauroids, tetanurans, 
ceratosaurians, and allosauroids from the Langenberg quarry 
(Evers and Wings 2020). Gerke and Wings (2016) suggested 
a faunal exchange via land-connections in the Late Jurassic 
between Germany, Portugal, and North America because of 
the similarity of the Northern German theropods. This and 
the evidence presented above strongly question the presence 
of persisting island faunas in the Late Jurassic of Europe 
(contra Sander et al. 2006 and Lallensack et al. 2015).
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