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Late Campanian theropod trackways from Porvenir de Jalpa, Coahuila, Mexico
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Abstract: Confident attribution of bipedal tridactyl dinosaur tracks to theropods or ornithopods can be challenging. Here we describe
trackways produced by tetanuran dinosaurs, previously attributed to hadrosaurs, from Coahuila State, northeastern Mexico. Multiple
trackways headed in the same direction suggest gregarious behaviour in these late Campanian theropods.
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INTRODUCTION

The morphology of dinosaur trackways, if well preserved,
is generally sufficiently characteristic to allow for accurate
attribution of a trackway to a trackmaker. However, this is
not always the case in trackways formed by bipedal tridactyl
dinosaurs: theropod and ornithopod tracks are occasionally
hard to distinguish (e.g., Romilio & Salisbury, 2011; Schulp &
Al-Wosabi, 2012, and refs therein).

Although the Late Maastrichtian theropod Tyrannosaurus
rex is arguably the best-known carnivorous dinosaur in the eye
of the public, the evolution of tyrannosaurid dinosaurs during
the preceeding approximately fifteen million years of the
Cretaceous has only recently been charted in more detail, based
on new discoveries made in the last decade (e.g., Brusatte &
Carr, 2016 and refs therein). Perhaps surprisingly, the trackway
record of tyrannosaurid dinosaurs from the latest Cretaceous is
even more sparse than the body fossil record (e.g., McCrea et
al., 2014; Smith et al., 2016, and refs therein).

We therefore feel a more detailed description of a series
of trackways of tridactyl dinosaurs from the Campanian of
Porvenir de Jalpa, Coahuila, Mexico, is warranted, as we
consider these tracks, previously interpreted as ornithopod
tracks, to be theropod in origin (Figs. 1, 2). The size of the
tracks, the similar-sized theropod body fossil record from the
region, and the presence of tyrannosaurid teeth from the same
strata, make a tetanuran, probably a tyrannosaurid track maker
a likely candidate. Because this tracksite preserves trackways
made by multiple individuals all headed in a single direction,
this interpretation may add new evidence on gregarious
behaviour in tyrannosaurid dinosaurs (Fig. 2; e.g., Currie,
1998; Currie & Eberth, 2010).

MATERIAL & METHODS

Locality and stratigraphy

The dinosaur tracks discussed here are preserved at the Las
Aguilas dinosaur locality, located northeast of the village of
Porvenir de Jalpa, in the municipality of General Cepéda,
Coahuila State, NE Mexico (25°31°7”N 101°40°38”W; Fig.
1). This Late Campanian site was discovered in February 2003
by amateur palacontologist José Lopez-Espinoza, at the time
preparator and assistant researcher at the Museo del Desierto
(MUDE) at Saltillo, Coahuila. The strata are exceedingly rich
in invertebrate and vertebrate remains, among them dozens
of semi-articulated partial skeletons of dinosaurs (Eberth et
al., 2004, Vogt et al., 2016), but also a variety of dinosaur
ichnotaxa (Rodriguez de la Rosa ef al., 2003, 2004; Meyer et
al., 2008). The first descriptions of the trackways concerned
was presented by Rodriguez de la Rosa et al. (2003, 2004)
and Rodriguez de la Rosa (2007), who interpreted most of the
trackways as having been produced by hadrosaurs.

Geological setting

The tracks are preserved in the Cerro del Pueblo Formation,
which is part of the Difunta Group, consisting of shallow
marine to coastal and deltaic deposits (Eberth et al., 2004,
Meyer et al. 2005, Vogt et al., 2016). The sediments originated
from a river system located in Chihuahua and western Coahuila,
which opened into the Palacogulf of Mexico. Progression of
the delta front gradually moved the coastlines towards the east.
The matrix at the Las Aguilas trackway site consists of a pale
yellow to buff coloured fine-grained sandstone, which was
deposited in a shallow channel environment. Occasional ripple
marks suggest coverage by shallow, slow moving water. The
absence of desiccation cracks implies that the mud was still
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water-covered or at least moist, when the dinosaurs walked over
the mud pan. Vogt et al. (2016) presented a detailed overview
of the geological setting of the tracksite and the surrounding
dinosaur-bearing strata, which therefore will not be repeated
here. Recent Sr dating places the Las Aguilas dinosaur-bearing
strata into the latest Campanian (73 my +1; Vogt et al., 2016).

Fauna

The Las Aguilas area is remarkable for its tracksites but also for
the abundance of dinosaur body fossils — mainly hadrosaurs and
to a lesser extent theropods assigned to Ornithomimosauridae,
Tyrannosauridae and Dromaeosauridaec (Meyer et al. 2005,
Freyetal.,2015). During an excavation campaign in September
2014 a new locality was discovered nearby the Las Aguilas
site that yielded remains of Ornithopoda (Hadrosaurinae,
Lambeosaurinae and Thescelosauridae), Ornithomimosauridae,
Dromaecosauridae, Tyrannosauridae, Ceratopsia, Ankylosauria
but also bones of Pterosauria, four different types of turtles,
eusuchian and dyrosaurid crocodilians, plesiosaurs and
lepisosteid fishes (Frey et al., 2015).

Accessibility

In 2009, the tracksite and surrounding area was fenced off by
the Instituto de Antropologia y Historia (INAH) Coahuila,
the entity responsible to safeguard sites of archaeological and
palaeontological importance in Mexico. Drainage trenches were
implemented to avoid flooding of the tracks (Fig. 2). Access to
the site is now directed by fences and a raised wooden plank
path. Keys must be obtained from the Porvenir de Jalpa ejido
(cooperative), which is the owner of the area. The municipality
of General Cepéda, and even more so, the people of Porvenir de
Jalpa take care of the site and did an enormous effort to enhance
the infrastructure of the site in creating an access road, parking
areas and information panels. At that time, guided tours could

Figure 1. Geographic location of the site (indicated by the green star).

be booked. Today, however, funds have run dry, and some of
the facilities have fallen into disrepair. So far, there is no roof
that would protect the tracksite from ongoing weathering.
The tracksite has already significantly degraded over the past
decade, and vegetation has now started to overgrow the tracks.
The tracksite was never properly mapped, when it still was in
a good condition. Now, mapping would be difficult because of
the bad state of preservation of most of the tracks, but would
still be worth the effort.

Scanning and analysis

Here we present a description and discussion of the tracks
and trackways preserved at the Las Aguilas site. Two field
campaigns were executed in 2005 and 2006 in cooperation with
the Museo del Desierto at Saltillo (MUDE). Official permits
were given by the INAH and all collected vertebrate remains
were deposited in the Museo del Desierto. The 3D-scanning
project of the Las Aguilas trackways was executed in March
2015 in order to record and preserve as much information as
is still available after a decade of erosion and degradation of
the track site. High resolution 3D scans were combined with
photogrammetry, and a quantitative analysis and identification
of the tridactyl tracks was performed. After manually cleaning
the track-bearing surface using brooms and brushes, the best-
preserved tracks were scanned using an Artec EVA structured
light scanner. The images were processed in Artec Studio 9,
in combination with regular photogrammetry. Photography
for the latter was acquired with a Canon 550D camera with a
50mm f/1.4 prime lens, and processed with Agisoft Photoscan
1.1. Single point accuracy of the Artec EVA is within 0.1 mm,
while overall accuracy is 1 mm, or less. Data are available from
MUDE and SMNK. 3D files (in .ply format) of the tracks are
available as supplementary online information.




DESCRIPTION & DISCUSSION

The Las Aguilas track site discussed here measures about 25 m
NW-SE x 8 m across. The site preserves about sixty footprints,
a tally which includes an estimate from the trampling zone.
At least eleven individual trackways are clearly distinguished.
These comprise seven trackways (which we all interpret as
made by tetanurans; see below), all orientated parallel to each
other in a south-eastern direction (Figs. 2, 3 A, B), one hadrosaur
trackway also heading SE, tracks made by a dromaeosaurid
that walked S, and two large tetanuran trackways conjoined
with a juvenile heading towards the NW. One single hadrosaur
manus print was recognized with a NW orientation.

The depth of the largest tracks is about 80 mm, which
suggests that the surface sediment was soft to a maximum of
about 150 mm at least in the north-eastern half of the site. In
the south-western half of the site the sediment was softer to a
deeper level. This is indicated by the undulating margins of the
tracks and sediment squeezed up between the toes. The depth
of some footprints reaches to about 120 mm, which suggests
the presence of a compressive mud layer of about 200 to
250 mm thickness. Many footprints are confluent and form a
trampling horizon in the north-western third of the site, where
single imprints are no longer visible (‘dinoturbation’; Fig. 2).

When the site was discovered and excavated over a decade
ago, the trackways were excellently preserved, especially in
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the south-eastern half of the exposed area (e.g. Rodriguez de la
Rosaetal.,2003,2004; Rodriguez de la Rosa, 2007). The north-
western part has been exposed to erosion for over a decade and
experienced some weathering, but the nature of these tracks
was clearly distinctive (Fig. 3). By now, the impact of erosion is
significant (Figs. 2, 3A). Because the tracks are preserved on a
dip-slope, run-off water further excavated existing fissures and
created new flow channels, frequently following the margins of
the tracks. Currently, only a sequence of three tracks of a large
theropod (approximately 8 metres body length) is preserved
well enough to be re-studied. The ornithomimosaur track
reported and depicted by Rodriguez de la Rosa (2007, p.341,
fig. 1B) is now completely eroded, but we identified hadrosaur
footprints of a medium-sized animal with an estimated length
of about 4.5 metres, the manus print of a very large hadrosaurid
of at least 9 metres estimated body length, and the didactyl
footprint of a medium-sized dromaeosaurid of approximately
3 metres length. In this contribution we focus on the well-
preserved theropod trackways.

Hadrosaurid or theropod?

In some cases it is difficult to tell ornithopod trackways apart
from theropod trackways. In the absence of tell-tale ornithopod
manus imprints, confusion between ornithopod and relatively
short and wide (length/width ratio c. 1.0) theropod tracks can
easily arise, as pointed out by Thulborn (1990: 219) and Farlow

Figure 2. Las Aguilas track site in the year 2009. The seven theropod trackways are still, but barely visible. The lines mark the individual trackways, the dotted line
the dinoturbated area. In the foreground the drainage trench and the plank way are visible.
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Figure 3. A-Three examples of well-preserved tetanuran tracks (see also Table 1; scale bars are 10 mm); B-3D-contour plot of three trackways of tyrannosaurids.

and Chapman (1997). Recently, a theropod tracksite in Australia
was re-interpreted as an ornithopod track site by Romilio &
Salisbury (2011). Similarly, the initial description of the Las
Aguilas site described here (see above) does not mention all the
theropod tracks we recognize here. Only additional cleaning
and detailed measurements allowed us to attribute some of the
trackways preserved at Las Aguilas to theropods (see discussion
in Meyer et al., 2008). Most notably the high pace angulation
is characteristic of theropod trackways. As an additional test,
we here followed the analysis as outlined in Moratalla et al.
(1988) and Schulp & Wosabi (2012). Measurements (Tab.
1) were acquired from the 3D model. Eight out of the nine
quantitative criteria considered by Moratalla et al. (1988) end
up on the ‘more theropod-like’ side of the proposed threshold
value (Figs. 3, 4). The remaining criterion, the ratio between
the length of digit 2 and the width at the base of this digit, ends
up right on the threshold value, mainly because of the values
obtained from the degraded track 5R and 6L (Fig. 3A). Taking
all available data into account we can confidently conclude that
the majority of tridactyl tracks still preserved in Las Aguilas
were produced by tetanurans.

Implications on theropod behavior

There are seven theropod trackways, by elimination most
likely made by tetanuran theropods. The tracks all emerge
from the dinoturbated area, are headed in southeastern
direction (Fig. 2). They were produced by animals about 8§ m

in length (Meyer et al. 2008). It would certainly be possible
that the trampled area was produced by a pack of seven
individuals, although the preservation of the tracks is clearly
insufficient to prove this beyond doubt: the tracks heading out
of the dinoturbated area parallel each other with fairly constant
intertrackway spacing (Fig. 2). Such a configuration strongly
hints at gregarious behaviour of the trackmakers. Interestingly,
numerous hadrosaur tracks north of the site, on exactly the
same level as the tetanuran tracks, were oriented in exactly the
same direction as the tetanuran tracks (but have now been fully
destroyed by illegal excavation attempts). Also, one hadrosaur
track produced by an animal with an estimated length of about
6 m on the Las Aguilas track site heads the same direction as
the tyrannosaurid tracks. Although similarities in depth and
preservation may suggest that the trackways were made during
similar substrate conditions and possibly at approximately the
same time, this in itself is not considered here as sufficient
evidence for a direct interaction between the theropods and the
hadrosaurs.

Other trackways

While the focus of this contribution is on the theropod
trackways, we briefly summarize the other trackways reported
from the area:

Ornithomimosauridae — During the first years after
discovery, two nicely preserved tracks of an ornithomimosaur
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Figure 4. Graph of the hadrosaur and theropod characteristics of the five tridactyl tracks.
Table 1. Measurements on five best-
(LIW)-1.25 (L/K)-2 (L/M)-2 (BL2/WM2)-2 (BL3/WM3)-2.2 (BL4/WM4)-2 (L2/WB2)-3.75 (L3/WB3)-4 (L4/WB4)-3.75 preserved tetanuran tracks in [dimension];
1R 017 0.23- 0.05- 0.25 1.80 0.64 0.94 0.33 0.35- L . 7
2L 028 038  0.09 1.25 1.80 1.50 0.81 0.93 0.06 abbreviations: L/W = length-width ratio,
3R 0.40 0.75 0.06 0.71 1.80 1.00 0.17- 3.33 0.18 L/K = length talon-medial interdigit,
5R 013 041 033 - 1.18 0.75 1.04- 0.33- 0.05 o o
6L 009 034 042 1.01 125 0.63- 0.05- 4.03 BL = digit length, WM = digit width,
Av. 021 033 047 0.44 1.52 1.03 0.02- 0.84 0.79 L = length, WB = basal digit width,

were preserved in about the middle of the site. They had a
length of about 250 mm and the animal headed to the north.
These footprints are now destroyed; even though the recent
discovery of the partial skeleton of an ornithomimosaur by a
private collector and ornithomimosaurian bone fragments from
a site nearby (see above) provide evidence that these animals
populated the area.

Dromaeosauridae — There are two imprints of a didactyl
track maker in the south-eastern corner of the track site heading
south. These tracks have never been reported before and
probably were only spotted because of the early morning light
after heavy rainfall when we scanned the trackway layer. The
trackmaker was a dromaeosaurid with a length of about 3 m.

Hadrosauria— The bulk of hadrosaur tracks was discovered
north of the Las Aguilas tracksite, but most of them are preserved
as badly preserved infills. The best specimens showed the
cloverleaf-shaped outline of the toes, but these were removed
or destroyed (see above). They all headed in southwestern
direction. However, one single hadrosaur footprint is preserved
on the Las Aguilas tracksite, facing the same direction. Again,
the cloverleaf-shaped outline of the digits makes it easy to
discern this print from the tetanuran ones. One single bean-
shaped manus print facing to the northwest is also preserved.
The dimension of about 400 x 150 mm indicates a track maker
of at least 9 m in total body length.

CONCLUSIONS

The Campanian Las Aguilas track site reveals an unusual and
diverse assemblage of dinosaur tracks and trackways. The main
site consists of a trampled part in the north-western quadrant
with seven tetanuran trackways heading southeast. These seven
tracks were produced by animals of the same size of about 8 m
body length. The tracks are not only parallel to each other, but
also at an almost constant intertrackway spacing — and in the

R =right, L = left, Av. = average.

same direction as the hadrosaur track preserved on the same
surface. The other tracks that all appear to have been produced
during a relatively narrow time span, indicate a surprisingly
high diversity of theropods comprising tyrannosaurids,
ornithomimosaurids and dromaeosaurids, but also the presence
of a large hadrosaurid measuring 9 m in length or more.

All inferred trackmakers are also known by body fossils
from the area, although this record is mostly fragmentary. To
date only one partial skeleton of a juvenile hadrosaur and that
of an ornithomimosaur have been recovered, the latter being in
private hands and thus not accessible according to international
rules. More than 40 clusters of incomplete hadrosaur remains
have been mapped in the area, which document the wealth in
body fossils (Vogt ef al., 2014).

The Las Aguilas site provides a window into the life of the
late Campanian on the southernmost area of the North American
continental block. The potential of the site is enormous, given
that the two most important track-bearing sites have not yet
been fully excavated. Recent surveys increased the knowledge
on the biodiversity in the area not only on dinosaurs, but also
on non-dinosaurian terrestrial tetrapods, invertebrates and
plants. Most information on the fossil assemblages of the area
comes from a new site that yields the remains of hadrosaurines,
lambeosaurines, ankylosaurs, ceratopsians, tyrannosaurids,
dromaeosaurids, pterosaurs, eusuchian and dyrosaurid
crocodilians, a variety of turtles, plesiosaurs, and lepisoteid
fishes aligned with numerous coprolites of turtles, crocodilians
and likely small theropods (Frey et al., 2015). To access this
wealth for the future an effort must be made to support the
people from Porvenir de Jalpa and make this site known better
and accessible to the public.
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