Supplemental Information

1 Material and Methods 

1.1 Institutional abbreviations

All tracks from the Late Jurassic of the Canton Jura were excavated by the Palaeontology A16 (PALA16). They are uniformly labelled with an acronym of the tracksite, the track level, the trackway type and identifier, and the track number. SCR: Courtedoux—Sur Combe Ronde tracksite; TCH: Courtedoux—Tchâfouè tracksite; BSY: Courtedoux—Bois de Sylleux tracksite. Therefore, e.g., SCR1500-T1-L8 refers to the left pes 8 (L8) of the theropod trackway 1 (T1) from level 1500 of the Courtedoux—Sur Combe Ronde tracksite (SCR); BSY1040-S12-LM1 refers to the left manus 1 (LM1) of the sauropod trackway 12 of level 1040 of the Courtedoux—Bois de Sylleux tracksite. These tracks are part of the PALA16 collection, which will be integrated in 2019 in the collection of the JURASSICA Muséum.

Hominin tracks from the Laetoli tracksite do not have a unique labelling system, and the tracks reported here are named after the publication where they are described. For more information please refer to the cited publications. 

1.2 Three-dimensional data 
 
Digital 3D track data can be obtained from a range of optical laser scanners and increasingly via digital photogrammetry (Falkingham, 2012; Bennett & Morse, 2014). 
Bennett et al. (2013) provide a comparative review of data derived from optical laser scanners and photogrammetry concluding that while the former gives more accurately scaled results the latter is operationally much easier. 

The data used in this paper have been derived from a variety of sources. In 2011, some of the specimens used in this study were laser-scanned at a sub-millimetric resolution (generally 0.1 mm) with a FARO Platinum Scanarm hand-scanner operated in the field, before removal and/or destruction of specimens in question. The best specimens were collected and are now part of the PalA16 collection, and in 2016 were digitized through photogrammetric processes. The photogrammetric 3D models were obtained using a Canon EOS 70D, 20 Mpixel camera, equipped with a Canon 10-18mm STS or a Canon 18-135mm STS lenses. Models were created using Agisoft Photoscan Pro (v. 1.2.4 and v. 1.2.5; www.agisfot.com) following the procedures of Mallison & Wings (2014). The accuracy of the models ranges between 0.1 and 0.03 mm, and resolution is always sub-millimetric. Scaling and alignment was made in Photoscan Pro. The models were then downscaled to a 2 million faces mesh to ease computation. The human tracks presented here were scanned either in field or from first generation museum casts using a Konica-Minolta Vi-900 optical laser scanner. 

Track registration in this paper is done via the freeware DigTrace (www.digtrace.co.uk) which caters for the registration of tracks, comparison and computation of measures of central tendency in a different manner (see also: Bennett et al., 2016a,b). 
DigTrace is compiled in Python and facilitates a complete track processing workflow, from loading raw input files in a variety of formats, performing basic measurements, via registration of a collection of prints through landmark matching, to producing a set of statistics describing the registered tracks (Figure 1). It also has a facility for creating 3D models via photogrammetry. The registration process in DigTrace requires the user to denote one of the tracks as the ‘master’ with which all the remaining tracks are aligned, and to define a set of corresponding landmarks (effectively matching points) for each of these tracks. Selection of the master is normally guided by identifying the track that is most topologically complete. Landmarks can be placed on the basis of either formally anatomically-defined points, or more commonly informally based on points of recurrence (i.e. matching the same topological point on the two tracks). These landmarks can also be complemented by ‘geometrical’ landmarks, located, for example, between defined landmarks. Once an optimum registration is achieved the software computes a transformation of the registered track to align it with the master, by minimising the mean squared deviation between the landmark coordinates in the xy-plane. This transformation is implemented for numerical stability using the Kabsch (1976). Once a series of tracks have been registered the software then samples the stacked or registered tracks at various resolutions (0.25, 0.5 and 1.0 mm) to compute a frequency distribution of values for each point from which measures of central tendency can be computed and displayed visually (i.e. display a mean or median track).
 Figure 1. Workflow and tools available in DigTrace (www.digtrace.co.uk). The freeware is formulated around three workbenches, create, measure and compare, and allows the complete analysis of 3D tracks from data capture via photogrammetry through to the computation of mean tracks from a trackway or population.

2 Geological and sedimentological context 

2.1 Ajoie district dinosaur tracksites

Since the first discoveries in 2002, the tracksites along Federal Highway A16 have been thoroughly excavated and documented. More than 17,000 m2 were unearthed and 13,905 tracks, including 235 sauropod and 405 tridactyl trackways were unearthed and documented. About 520 m2 of tracks and trackways were casted and around 900 original tracks (ca. 230 m2) were recovered and are stored in the collection of the PALA16.

The studied tracks and trackways come from different track-bearing laminite intervals (of the Reuchenette Formation (Marty, 2008; Comment, Ayer & Becker, 2011). The Reuchenette formation can be precisely dated with ammonites to the Boreal mutabilis, respectively Tethyan acanthicum, ammonite zones, i.e. early Late Kimmeridgian or about 152.7 to 152.01 Ma (Marty et al., 2003; Jank, Meyer & Wetzel, 2006; Jank, Wetzel & Meyer, 2006; Comment, Ayer & Becker, 2011; Comment et al., 2015). Some of these ammonites were found in layers very close to the dinosaur track-bearing levels. The age assignment is also confirmed with ostracods (Schudack et al., 2013). The Late Kimmeridgian Jura carbonate platform was at a palaeolatitude of around 30° N, at the threshold between the Paris Basin to the northwest and the Tethys Ocean to the south and thus influenced by both the Tethyan and Boreal realms (e.g., Ziegler, 1988; Thierry, 2000; Thierry et al., 2000; Jank, Wetzel & Meyer, 2006). The recurrent presence of dinosaur tracks and emersive phases during the Late Jurassic testifies – at least during sea-level lowstands – prolonged periods of emersion of the Jura carbonate platform and connections with the larger terrestrial landmasses of the London-Brabant Massif in the northeast and/or the Massif Central in the southwest (Jank, Meyer & Wetzel, 2006; Marty, 2008; Marty & Meyer, 2013).

The track-bearing laminite intervals are tabular and platy, thinly-bedded marly limestones, which locally have a slightly stromatolitic appearance and have intercalations of thin layers of calcareous marls (Marty, 2008; Marty et al., 2010). Generally, the microfacies of the laminites is quite homogeneous and can be described as mudstone to wackestone sensu Dunham (1962), or dolobiopelmicrite sensu Folk, (1962). The most common biogenic sedimentary structures are (microbial) lamination and invertebrate burrows (Marty, 2008).
The track-bearing laminites were deposited in inter- to supratidal flat or supratidal marsh palaeoenvironments, characterized by an exposure index higher than 60–90% (Marty, 2008). This is indicated by macroscopic (stromatolitic lamination, desiccation cracks, wave ripples, invertebrate burrows) and microscopic (e.g., cryptmicrobial lamination, fenestrae, brecciation) sedimentological features (Marty, 2008; Marty & Pacton, 2009). Marty (2008) suggested that this supratidal-flat palaeoenvironment was located several hundred meters away from the coastline towards the open marine realm or an internal lagoon, that for most of the time was characterized by restricted and hostile conditions, which may have been interrupted by occasional wetting due to periods of rain or storm surges, and that during or rather at the end of such periods of wetting, tracks were recorded.

The intermediate track levels with a thickness of around 1 m and at least 15 track-bearing levels are the track-richest interval, whereas the upper track levels are about 30-40 cm thick and contain only 2–3 track levels (Marty et al., 2007). The intermediate levels are suggested to represent 1–2 elementary sequences of each 20 kyr. The sequence boundary Kim4 was placed in the intermediate levels by Colombié & Rameil (2007), but probably corresponds to the upper dinosaur track levels, which in turn likely represent one elementary sequence.

2.2 Laetoli tracksite

The Laetoli tracksites are located on the margin of the Eyasi Plateau at the southern margin of the Serengeti Plains, about 20 km north of Lake Eyasi, Tanzania. Despite the huge extension (more than 1000 km2) of the fossiliferous outcrops of the Laetoli and Ndolanya Beds, most of the fossils were collected in a relatively restricted area (circa 100 km2) along the Garusi, Gadjingero, Nompopong and Olaitole River valleys, representing the Laetoli site (Hay, 1987; Harrison & Kweka, 2011). The Laetoli Beds are probably derived from tephra erupted from the now extinct volcano of Satiman, about 20 km east of Laetoli (Hay, 1987; Ditchfield & Harrison, 2011). The Beds, which represent the base of the sedimentary sequence, are more than 123 m thick and are divisible into two main lithological units (Hay, 1987; Ditchfield & Harrison, 2011): the Lower unit (around 64 m thick) consists mainly of aeolian tuffs interbedded with primary fall-out tuffs and water-worked tuffaceous sediments, and the Upper unit (44–59 m thick) consists of a series of aeolian and fall-out tuffs (Hay, 1987; Ditchfield & Harrison, 2011), and it is topped by the Yellow Marker Tuff. The Upper unit, is then subdivided by other marker tuffs (Tuffs 1-8), which allows a good correlation and precise dating (Deino (2011) dated Tuff 8 to 3.36 Ma).

The more notorious hominin footprints, the G tracksite, from Locality 8 (Harrison & Kweka, 2011) were left on the Footprint Tuff (Tuff 7) level, which also carries most of the Laetoli ichnites (Harrison & Kweka, 2011; Masao et al., 2016). Despite some stratigraphical correlation is possible, the recent findings (Sites L8, M9, M10 and TP2) described by (Masao et al., 2016), cannot be unambiguously correlated with the main Laetoli sites and it is not possible to establish if the sites belong to the same stratigraphic level.
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