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Abstract Fossil footprints are very useful palaeontological tools. Their features can
help to identify their makers and also to infer biological as well as behavioural
information. Nearly all the hominin tracks discovered so far are attributed to species
of the genus Homo. The only exception is represented by the trackways found in the
late 1970s at Laetoli, which are thought to have been made by three Australopithecus
afarensis individuals about 3.66 million years ago. We have unearthed and described
the footprints of two more individuals at Laetoli, who were moving on the same
surface, in the same direction, and probably in the same timespan as the three found
in the 1970s, apparently all belonging to a single herd of bipedal hominins walking
from south to north. The estimated stature of one of the new individuals (about
1.65 m) exceeds those previously published for Au. afarensis. This evidence sup-
ports the existence of marked morphological variation within the species. Consid-
ering the bipedal footprints found at Laetoli as a whole, we can hypothesize that the
tallest individual may have been the dominant male, the others smaller females and
juveniles. Thus, considerable differences may have existed between sexes in these
human ancestors, similar to modern gorillas.
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Forty Years of Research at Laetoli

Fossil skeletal elements can offer plenty of data on different aspects of human
evolution and palaeobiology. However, the amount of information we can get
about our ancestors can increase significantly through the study of fossil footprints.
In fact, these ephemeral traces of life in the geological past can provide key
palaeobiological insights on anatomy, locomotion biomechanics, body size, social
behaviours, palaeoenvironments, and even reproductive strategies of extinct
hominins (Falkingham et al. 2018). Unfortunately, due to the extremely peculiar
taphonomic conditions that can lead to their preservation, fossil footprints are very
rare. The hominin ichnological record is particularly poor (Bennett and Morse 2014),
especially when compared to that of other vertebrate groups like dinosaurs. Nearly
all the hominin tracks discovered so far are attributed to species of the genus Homo,
with the outstanding exception of the record from Laetoli (Tanzania), dated to 3.66
million years ago (Ma).

Laetoli is one of the most important palaeoanthropological sites in the world. It is
located in northern Tanzania (Fig. 8.1) at the southern margin of the Serengeti plains,
within the Ngorongoro Conservation Area (NCA), in which several other world-
famous palaeoanthropological localities like Olduvai Gorge, Lake Ndutu, and
Nasera Rock, are found.

The Laetoli stratigraphic sequence is composed of Plio-Pleistocene volcano-
sedimentary deposits divided into five main lithological units, the Laetolil Beds,
Ndolanya Beds, Olgol Lavas/Naibadad Beds, Olpiro Beds, and Ngaloba Beds, from
bottom to top (Hay 1987). At the base, the Laetolil Beds make up most of the
sedimentary sequence, with a thickness of more than 120 m (Ditchfield and Harrison
2011). They probably formed from tephra erupted from the extinct Sadiman vol-
cano, located about 20 km to the east of Laetoli (Hay 1987; Mollel et al. 2011),
although this hypothesis is questioned by some authors (Zaitsev et al. 2011, 2015).
The Laetolil Beds are divided into two units, namely, the Lower and Upper Laetolil
Beds (4.36–3.85 Ma and 3.85–3.63 Ma, respectively) (Hay 1987; Deino 2011). The
latter consist of a series of aeolian and fall-out tuffs (Hay 1987) and are well known
for their abundant palaeontological content (Harrison and Kweka 2011).

The palaeoanthropological relevance of the Laetoli area and of the Upper Laetolil
Beds in particular is well known since the mid-1930s (Reck and Kohl-Larsen 1936;
Kohl-Larsen 1943), but the site turned the attention of the academia and general
public in the 1970s, with the discovery of the holotype and other remains of
Australopithecus afarensis (Leakey et al. 1976; Johanson et al. 1978), as well as
of the earliest bipedal hominin tracks in the world (Leakey and Hay 1979; Leakey
and Harris 1987).

Mammal, bird, and insect prints and trails were identified by Mary Leakey and
collaborators in 18 sites (labelled from A to R) out of 33 total palaeontological

134 M. Cherin et al.



Fig. 8.1 Geographical location and site map; (a) location of Tanzania; (b) location of Laetoli in
northern Tanzania; (c) plan view of Laetoli Locality 8 (Sites G and S); (d) plan view of the four test-
pits excavated at Laetoli Site S.Dashed lines indicate uncertain contours. Hominin tracks in orange,
equid tracks in dark green, rhinoceros track in red, giraffe tracks in light brown, and bird tracks in
blue. (Modified from Masao et al. 2016)
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localities in the Laetoli area (Leakey 1987; Harrison and Kweka 2011; Musiba et al.
2008). The so-called Footprint Tuff, which corresponds to the lower part of Tuff 7 in
the Upper Laetolil Beds’ stratigraphic sequence, hosts at least ten sublevels in which
footprints are found (Hay 1987). Among these, hominin tracks were originally
discovered at Site G (Locality 8). A short trackway of humanlike footprints was
also unearthed at Site A (Locality 6) but was later attributed to a bear (Tuttle 2008).
Site G footprints were referred to three individuals (G1, G2, G3) of different body
sizes: the smaller G1 walked side by side on the left of the larger G2, while the
intermediate-sized G3 superimposed its feet over those of G2 (Leakey 1981). These
trackways are ascribed to Au. afarensis (White and Suwa 1987; Masao et al. 2016),
which is the only hominin taxon found to date in the Upper Laetoli Beds (Harrison
2011).

Immediately after the first publication (Leakey and Hay 1979), the scientific and
public interest in the Laetoli footprints has spread extraordinarily. Since then, they
have been “mentioned in hundreds, if not thousands, of scientific works” (Jungers
2016), and a Google search for Laetoli footprints returns more than 66,000 results at
the date of writing this contribution. In the first years after the discovery, the tracks
were studied in several papers dealing with interactions between trackmakers (Lea-
key and Hay 1979; Leakey 1981), foot anatomy and locomotion (Day and Wickens
1980; White 1980; Charteris et al. 1981, 1982; Stern and Susman 1983), and
depositional and palaeoenvironmental setting (Leakey and Hay 1979; Leakey
1981). In more recent years, with the development of new technologies and methods,
many researchers worked on the key topic of locomotion of the Laetoli trackmakers
by means of different approaches. These analyses led to conflicting views, with some
authors (e.g. Raichlen et al. 2010; Crompton et al. 2012) inferring that the gait
pattern of the Laetoli hominins was similar to that of modern humans, while others
(e.g. Meldrum 2004; Schmid 2004; Bennett et al. 2009; Hatala et al. 2016) inferring
that it was qualitatively and/or quantitatively different. However, regardless of the
methods used, all the above studies are equally negatively affected by the fact that
they are focused only on a limited number of G1 tracks. Although most of the G1
trackway is well preserved (unlike the overlapping footprints of G2 and G3), it
belongs to the smallest of G individuals, which was very likely a juvenile (see
“Laetoli Site S Footprints: Results and Implications”). Moreover, the original tracks
are today buried under a protective cover (Feibel et al. 1996), and most of the studies
were carried out on casts.

In light of the above, the recent discovery of new human footprints in Laetoli is of
crucial importance for the knowledge of the anatomy, palaeobiology, and behaviour
of Pliocene hominins.
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The Discovery of Laetoli Site S

In 2014, two of us (F.T.M., E.B.I.) were commissioned to carry out a Cultural
Heritage Impact Assessment (CHIA) aimed at evaluating the impact of a proposed
new field museum in the area of Locality 8, that is, the palaeontological locality in
which M. Leakey and co-authors discovered the first human tracks in the 1970s.
According to Tanzania’s Environmental Management Act (United Republic of
Tanzania 2004), the CHIA is part of the Environmental and Sociological Impact
Assessment (ESIA), which is a mandatory evaluation process expected to address
the impact of a certain development project (e.g. infrastructure construction) on the
environment, landscape, and social context (Ichumbaki and Mjema 2018). In par-
ticular, the CHIA is focused on the possible impacts on cultural heritage, both extinct
(e.g. archaeological and palaeontological record) and extant (e.g. ethno-
anthropological context).

Specific objectives of the CHIA were:

1. Salvaging as much of the threatened heritage as possible through surface collec-
tion and excavation

2. Preliminary analysis of the archaeological and palaeontological material rescued
3. Packing the material and presenting it to Ngorongoro Conservation Area Author-

ity (NCAA) for curation and storage
4. Proposing mitigation measures including immediate conservation of special

features encountered in the fieldwork process and proposing an appropriate
monitoring schedule

The CHIA assignment was accomplished through two main fieldwork seasons.
During the first season (June 21–30, 2014), the team of archaeologists, cartogra-
phers, conservators, and skilled workers aimed at obtaining an overall picture of the
cultural heritage features in the area impacted by the project. In particular, the team
surveyed a wide area within 500 m radius from the Site G trackways, i.e. the core
area of the proposed museum project. The second season (September 13 to October
22, 2014) focused on the area of maximum impact, i.e. the surroundings of Site
G. Sixty-two 2 � 2 m test-pits (each corresponding to about 2% of the total surface)
were randomly positioned within a grid and carefully excavated down to the
Footprint Tuff and sometimes deeper. If necessary, in case of particularly significant
finds (see below), some pits were enlarged compared to the standard of 2 � 2 m.

About 150 m to the south of Site G, the team unearthed 14 hominin tracks
associated with abundant tracks of other vertebrates. Footprints were found in
three test-pits, respectively labelled L8, M9, and TP2 from north to south. The
original square shape of L8 was modified soon after the discovery of the first bipedal
tracks in order to follow the trail, thus obtaining a quite irregular shape of this test-pit
(southern side, 2 m; western oblique side, 4 m). M9 was excavated some 14 m to the
SSE of L8 and kept the standard size of 2� 2 m. Following the putative alignment of
the trackway, a third smaller test-pit, TP2 (1� 1.2 m), was excavated at some 8 m to
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Fig. 8.2 Test-pit L8. Photo (left) and shaded 3D photogrammetric model (right) of the southern
part of the printed surface, with close-ups (bottom) of the four footprints
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the SSE of M9. Finally, test-pit M10 (2� 3 m) was excavated about 15 m to the east
of M9 to assess the occurrence of other interesting tracks (Fig. 8.1).

Once the presence of the new tracks has been ascertained and with the aim of
characterizing the printed surface with a multidisciplinary approach, the Tanzanian-
Italian research group was established, pivoting on a collaboration already started for
years in Olduvai Gorge (e.g. Cherin et al. 2016). The new team reopened the four
test-pits in September 2015. Fourteen hominin tracks in different preservation states
always associated with tracks of other vertebrates were unearthed in test-pits L8, M9,
and TP2 (Masao et al. 2016). All these prints are clearly referable to a single trail,
with an estimated total length of 32 m and trending SSE to NNW. Following the
code used for the other footprint sites in Laetoli (Leakey 1981; Leakey 1987;
Harrison and Kweka 2011), the new site was identified as Site S, and the new tracks
are attributed to individual S1 (footprint numbers S1-1–7 in L8, S1-1–4 in M9, and
S1-1–2 in TP2) (Fig. 8.2). An additional track referable to a second individual
(S2) was found in the SW corner of TP2. Conversely, only non-hominin footprints
were recorded in M10 (Masao et al. 2016).

Survey of Laetoli Site S: A Case Study for Photogrammetry
Application in Extreme Environments

Modern developments in computing power, rendering software, and hardware
availability allowed a rapid and widespread diffusion of photogrammetry techniques
in Earth Sciences and other disciplines. The majority of these techniques are based
on Structure from Motion (SfM) algorithms (e.g. Luhmann et al. 2013; Mallison and
Wings 2014; James et al. 2017). Among others, SfM techniques have been used in
recent years to study river systems (e.g. Marteau et al. 2017), landslide dynamics and
volumes (e.g. Stumpf et al. 2015), cliff morphology (e.g. Warrick et al. 2017), active
fault structure and dynamics (e.g. Johnson et al. 2014), geobody architecture of
depositional systems (e.g. Mancini et al. 2019), as well as ichnological contexts with
human tracks (e.g. Rüther et al. 2012; Bennett et al. 2016; Bustos et al. 2018; Helm
et al. 2018; Zimmer et al. 2018; Romano et al. 2019). SfM algorithms allow
obtaining three-dimensional models from a series of overlapping pictures taken
from different camera positions. The obtained high-resolution models can be easily
shared between researchers and can be used for detailed qualitative descriptions and
accurate quantitative analyses at the sub-mm-scale (Mallison and Wings 2014).
However, in order to get affordable data from SfM, field data must be supported
by accurate in situ topographic measurements.

The photogrammetric survey of the new footprint Site S was carried out in an
extreme environmental context, characterized by unfavourable climatic conditions,
need for light equipment, and little time available. Therefore, we had to set up a
working procedure that, despite these problems, could lead to good results in terms
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of accuracy and precision and could also serve as a reference for other scientific
activities in similar contexts (Menconero et al. 2019).

The Laetoli area is located over a wide plateau at about 1700 m above sea level, to
the west of the volcanic complex of Sadiman (2870 m), Lemagrut (3135 m), and
Oldeani (3200 m), and north to the Lake Eyasi basin. The plateau is characterized by
a tabular or slightly corrugated morphology. In some areas, the landscape is more
articulated due to the presence of valleys, gorges, and gullies originated by the action
of wind and small streams, whose erosional energy is very intense during the dry
season (May–October) and rainy season (November–May), respectively. The cur-
rent vegetation cover is primarily determined by topography, soil composition, and
climate (Anderson 2008) but is also influenced by natural and anthropic fires, as well
as by the grazing activity of the extremely abundant wild herbivore mammals and
domestic livestock (cattle, sheep, and goats) bred by local tribes with nomadic/semi-
nomadic pastoral economy (Holdo et al. 2009). The vegetation mainly includes
thorny thickets and dry bushland, consisting of shrubby and arboreal deciduous
species of the genera Vachellia, Senegalia, and Commiphora, associated with
several forms of grasses (e.g. Sporoboro, Digitaria, Themeda, Aristida, Brachiaria,
Cenchrus) (Herlocker and Dirschl 1972; Andrews and Bamford 2008). The presence
of numerous and densely distributed thorny plants can cause numerous problems
during research activities. The wild animal community of the Laetoli area is still
abundant and diverse, thanks to the low human demographic density, the presence of
impenetrable thorny xerophilous shrublands, and the protection measures by the
NCAA. Among reptiles, several snakes – such as the black mamba (Dendroaspis
polylepis), green mamba (D. angusticeps), Egyptian cobra (Naja haje), spitting
cobra (N. nigricollis), and puff adder (Bitis arietans) – can be potentially very
dangerous to humans. The same goes for some large-sized mammals, like the
African bush elephant (Loxodonta africana), spotted hyena (Crocuta crocuta),
leopard (Panthera pardus), and African lion (Panthera leo). With regard to scientific
activities, the low demographic density makes very hard to get consumer goods like
food, water, and materials, which have to be bought in larger villages, such as
Karatu, about 4-hour drive from Laetoli. As for the hygienic and sanitary conditions,
thanks to the high average altitude and predominantly dry climate of the plateau, the
whole Laetoli area is less affected by tropical pathologies that are common in the
nearby low-altitude areas. However, especially in wet areas close to perennial small
rivers, there are small populations of hematophagous dipterans like the mosquitos
Anophele (vector of Plasmodium, responsible for malaria) and Aedes (carrier of
various viruses responsible for serious diseases), as well as some horseflies
(Tabanidae) and blackflies (Simuliidae), which can cause painful bites and severe
skin irritations.

The above environmental conditions (climate, vegetation, fauna) are added to
logistical complications (short time available, problems related to natural lighting,
lack of electricity, long car trips along rough trails) in making extremely difficult the
fieldwork in Laetoli (and similar contexts). Under these conditions, clear goals for
the fieldwork are necessary. In our case, the work at Site S was aimed at obtaining
3D models of the new tracks for documentation and morphometric analysis. We

140 M. Cherin et al.



chose the SfM photogrammetry technique, thanks to its technical advantages (rela-
tively short time of data acquisition and processing, light and handy equipment,
reduced costs) and excellent results in terms of resolution (Westoby et al. 2012).

Each test-pit (L8, M9, TP2, and M10) was entirely surveyed at lower resolution
(Fig. 8.3), and then detailed 3D models of some inner portions (single tracks or
groups of close prints) were acquired (Fig. 8.4). Targets of the control point system
were immediately positioned after excavation. We placed four perimeter targets at
the corner of each test-pit and four inner targets around each subarea surveyed in
detail (14 in L8, 10 in M9, 14 in TP2, and 14 in M10). For the measurement of the
control points, we used a measuring tape and a water level, which are lighter and
easier to handle than a total station theodolite. We selected these low-tech tools also
considering (1) measuring only four points for each test-pit to scale the general 3D
models and (2) aligning the detailed 3D models of the single footprints to the general
models using the coordinates of the inner targets. For the perimeter target measure-
ments, we placed two rods equipped with a spherical level on successive pairs of
targets, and we marked points at the same height on the rods for each pair by using
the water level device. The vertical distance between these points and the targets, as
well as their mutual distance, were recorded. Repeating this process for all pairs of
targets, the relative plan position and the height of the control points were deter-
mined respectively by trilateration and levelling. A preliminary accuracy check was
carried out by means of trilateration graphic rules in plan and with the method of
successive levelling for heights. By assigning a z-coordinate to the first control point,
all subsequent coordinates were derived from addition and subtraction of heights
between two successive points. The check was performed by computing the sum of
all height differences and by verifying that the obtained value was close to zero.
Finally, the error obtained in each test-pit was distributed to every z-coordinate of the
points, in order to minimize it.

Photographic acquisition was performed with a DSLR camera, sometimes fixed
on a 3-m-long telescopic rod for photographic shots from the top downwards. With
regard to scene lighting, since we had no possibility to control light intensity and
direction, we tried to reduce shadows by shooting especially during the central hours
of the day (i.e. with subvertical sun rays). However, this was not always possible due
to the excavation schedule and little time available. Therefore, we had to address the
problem of high-contrast shadows in post-processing.

The texture resolution control of 3D models, namely, the Ground Sampling
Distance (GSD), can be performed a priori using geometric formulas. The calcula-
tion is based on the principle of similar triangles, which are found in the geometry of
the shooting. The variables are the size of the sensor (Sw) and the focal length of the
camera (Fl), the size in pixel of the images (Iw), and the distance (H). The triangle
with the base Sw and height Fl is similar to the triangle which has the base Gw
(width of the image on the ground) and height H; consequently, the two triangles
have proportional respective sides (Sw: Gw ¼ Fl: H). The GSD is the ratio between
Gw and Iw multiplied by 100 (GSD ¼ Gw/Iw � 100). Connecting the proportion
with the formula of GSD, the final formula GSD ¼ (Sw � H � 100): (Fl � Iw) is
obtained. Among the variables, the one that can be easily managed is the distance H,
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Fig. 8.3 Test-pit L8; (a) eidotype; (b) shaded model; (c) textured model; (d) textured and shaded
model; (e) drawing; (f) density of the point cloud by determining the number of nearest neighbours
in a sphere with 0.5 cm radius
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since all the others depend on the photographic equipment available (Menconero
et al. 2019).

It is impossible to know a priori the density of the point cloud coming from a
photogrammetric process. As for the Laetoli footprints, the goal was to obtain a
texture resolution less than 0.1 cm/px. This was achieved by choosing suitable
shooting distance both for the whole test-pits and individual footprints. More than
2000 photos were taken in three working days, for a total of about 50 GB. Especially
when working in remote areas, it is important not to economize on shots and possibly
select them a posteriori.

Data processing started with checking topographic measurements in plan and
height, which is preliminary to the definition of the control point coordinates. The
trilateration method was used to obtain x, y coordinates of the control points in plan.
For each test-pit, six measurements were taken at the same height: the length of the
four sides of the perimeter and the length of the two diagonals. Redundant measure-
ments were used to compute the errors. In addition to a preliminary graphical control
by CAD software, we used an automatic calculation software to adjust a new set of x,
y coordinates and heights of the control points by least squares technique. The
residues of adjustments never exceeded 10 mm, which is fully acceptable consider-
ing the size of the test-pits. We used the adjusted x, y, z coordinates of the control
points to scale and locate in the 3D space the SfM models. A check on point cloud
density was also carried out by a software for 3D point cloud and mesh processing
and analysis. The average density found in the Laetoli point clouds is around

Fig. 8.4 Three footprints from test-pit L8; (a) textured model; (b) textured and shaded model; (c)
shaded model; (e) density of the point cloud by determining the number of nearest neighbours in a
sphere with 0.5 cm radius
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20 points/cm3 for the test-pits and 1500 points/cm3 for the detailed footprints (Masao
et al. 2016; Menconero et al. 2019).

The 3D models obtained by SfM were also used in the morphometric analysis of
the hominin tracks. We used a contouring and modelling software that transforms x,
y, z data into maps. The x, y, z-format files were imported into the software and
transformed into grid files. The software uses randomly spaced x, y, z data to create
regularly spaced grids composed of nodes with x, y, z coordinates. The Triangula-
tion with Linear Interpolation gridding method was applied, because it works better
with data that are evenly distributed over the grid area. This method creates network
of triangles with no edge intersection starting from data points and computes new
values along the edges. The grid spacing was set at 1 mm. Standard morphometric
measurements (footprint length, footprint max width, footprint heel width, angle of
gait, step length, and stride length) were taken from contour maps and compared
with those taken manually both on the original tracks during the fieldwork and on 1:1
scale sketches of the test-pits, hand-drawn on transparent plastic sheets (Masao et al.
2016).

Laetoli Site S Footprints: Results and Implications

The detailed analysis of the new bipedal footprints at Site S started trying to frame
this outstanding finding into the stratigraphic context of the Upper Laetolil Beds. A
detailed sequence analysis of the excavation profiles at Site S and extended geolog-
ical observations in the whole Laetoli area were performed. In particular, we tried to
reconstruct the stratigraphic relationships between the footprint-bearing units of Site
S and Site G, using both field observation and literature descriptions of the sequence
outcropping in the original site.

The Laetoli Footprint Tuff is part of Tuff 7 together with the overlying Augite
Biotite Tuff and can be divided into a lower and an upper unit. These can be
respectively subdivided into 14 and 4 sublevels. Tracks are found on eight sublevels
within the lower unit and two within the upper one (Leakey and Hay 1979; Hay and
Leakey 1982; Hay 1987). In particular, hominin tracks at Site G are located on the
top of horizon B, namely, on sublevel 14 of the Footprint Tuff lower unit (Hay and
Leakey 1982; White and Suwa 1987). Though with some local differences presum-
ably due to lateral variability, we found that the Site S sequence corresponded quite
well with the original description of the Footprint Tuff stratigraphy provided by Hay
(1987). In particular, we observed that the Site S tracks were printed on the top of the
lower subunit of the Footprint Tuff, corresponding to the aforementioned horizon B
(Masao et al. 2016). Consequently, our data indicate with reasonable confidence that
the footprints of S1 and S2 lie on the same stratigraphic position as those at Site
G. Considering that (1) Tuff 7 includes a sequence of several sublevels originated by
distinct volcanic eruptions close in time, and that its overall deposition time is
estimated in weeks (Hay and Leakey 1982; Hay 1987), (2) trackways from Site G
and Site S show almost the same orientation, and (3) all trackmakers were moving
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approximately at the same moderate speed (see below), we hypothesized that the
tracks from the two sites were left by a homogeneous group of hominins walking
together on the same palaeosurface (Masao et al. 2016).

The overall morphology of the S1 tracks fits those from Site G and is particularly
similar to the prints of G2, namely, the larger individual (Robbins 1987): the heel is
oval shaped and is pressed deeply into the ground; the medial side of the arch is
higher than the lateral one; the ball region is oriented at an angle of about 75� with
respect to the longitudinal axis of the foot and is delimited anteriorly by a transversal
ridge, formed when the toes gripped the wet volcanic ash and pushed it posteriorly;
the adducted hallux extends more anteriorly than the other toes in all visible
footprints; unfortunately, no clear distinction among the other toes is visible. The
only preserved track of S2 is abnormally widened in the anterior part, probably due
to a lateral slipping of the foot before the toe-off and/or to taphonomic factors related
to the fragmentation of the Footprint Tuff.

Stride length was used to estimate the walking speed of the Laetoli trackmakers.
Mean values of about 0.44–0.9 m/s were obtained, depending on the computing
method (Alexander 1976; Dingwall et al. 2013). The average length of the S1 tracks
is 261 mm (range 245–274 mm). Lower average values were measured for the three
individuals at Site G: 180 mm for G1, 225 mm for G2, and 209 mm for G3 (Leakey
1981; Tuttle 1987), although a study of some G footprint casts based on digital
methods (Bennett et al. 2016) suggested higher values for G1 (193 mm) and G3
(228 mm). Stature was computed first with Tuttle’s (1987) approach, which is based
on the ratio between foot length and stature in modern humans (foot length in Homo
sapiens is generally about 14–16% of stature). We also estimated stature using the
two methods published by Dingwall et al. (2013). The first is based on regressions of
stature by footprint length in modern Daasanach people from Lake Turkana (Kenya);
the second – which we considered more reliable because it is not influenced by
modern human data – is based on the foot/stature ratio known for Au. afarensis.
Similarly, we estimated the body mass of the trackmakers by means of the regression
equation that relates footprint area to body mass in H. sapiens, as well as of the
equation based on the ratio between foot length and body mass in Au. afarensis
(Dingwall et al. 2013). All the above data were also measured/calculated for G
individuals, using a 3D model of a first-generation cast of the southern portion of the
Site G trackways.

Our results showed that no matter which method is employed to estimate stature
and body mass, S1 and S2 were taller and had a larger body mass than the G
individuals (S1, 161–168 cm/41.3–48.1 kg; S2, 142–149 cm/36.5–42.4 kg; G1,
111–116 cm/28.5–33.1 kg; G2, 139–145 cm/35.6–41.4 kg; G3, 129–135 cm/
33.1–38.5 kg) (Masao et al. 2016). These results extended the dimensional range
of the Laetoli trackmakers and identified S1 as a large-sized individual, probably a
male. The stature of about 165 cm for S1 is remarkable and exceeds those estimated
to date for any australopithecine. The stature of S1 falls within the maximum range
of modern Homo sapiens and also fits the available Homo erectus sensu lato
estimates based on both skeletal remains and footprints. The body mass range
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estimated for S1 falls within the range of male Au. afarensis (40.2–61.0 kg)
(Grabowski et al. 2015).

Our results provided independent evidence for the occurrence of large-sized
individuals among hominins as ancient as 3.66 Ma and supported a nonlinear
evolutionary trend in hominin body size (Jungers et al. 2016). Moreover, ascribing
the S1 tracks to a possible male allowed reconsidering the sex and age of the other
Laetoli individuals. According to our body-mass estimations, G1 and G3 fall within
the range of putative Au. afarensis females, whereas G2 and S2 span across the upper
female and the lower male ranges, which are estimated at 25.5–38.1 and
40.2–61.0 kg, respectively (Grabowski et al. 2015). A possible reconstruction is
that the Laetoli individuals are S1, a male; G2 and S2, females; and G1 and G3,
smaller females or juvenile individuals.

Both the new composition of the group and the impressive body size difference
point to a considerable sexual dimorphism in Au. Afarensis (Fig. 8.5), as hypothe-
sized by many scholars on the basis of skeletal remains (e.g. Johanson and White
1979; Kimbel and White 1988; McHenry 1991; Richmond and Jungers 1995;
Lockwood et al. 1996; Plavcan et al. 2005; Harmon 2006; Gordon et al. 2008). In
turn, this view supports social organization and reproductive strategies closer to the
polygynous gorillas (Harcourt and Stewart 2007) than to other moderately dimor-
phic species, like the promiscuous chimpanzees or the extant and, possibly, extinct
humans (Masao et al. 2016).

Fig. 8.5 Minimum and maximum estimated statures of selected fossil hominins by species and
locality over time for the interval 4–1 million years
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Laetoli Footprints: Perspectives

The recent discovery of Laetoli Site S footprints, after about 40 years from the
pioneering works by Mary Leakey and colleagues at Site G, has achieved a remark-
able media coverage and has drawn the attention of the scientific community.

Raichlen and Gordon (2017) used proportional toe depth (i.e. a measure of the
difference between toe depth and hindfoot depth in tracks) as a proxy to get
information about the locomotor style of the Laetoli trackmakers. They confirmed
that the footprints from Site S are overall very similar to those from Site G, thus
supporting the hypothesis that bipedal locomotion in Au. afarensis was more similar
to modern-human-like extended-limb pattern than to chimpanzee-like bent-knee-
bent-hip pattern (Raichlen et al. 2010).

DeSilva et al. (2019) included data on the Laetoli footprints from Sites G and S in
their comprehensive review of Plio-Pleistocene hominin foot evolution.

In their very interesting work, Villmoare et al. (2019) inferred data on sexual
dimorphism in H. erectus s.l. through the analysis of fossil footprints from Ileret,
Kenya (about 1.5 Ma). Their results are in perfect agreement with ours in the
recognition of a gorilla-like high level of dimorphism in Au. afarensis from Laetoli.
These data are in contrast with those obtained for the Ileret sample, in which
footprints show a much lower degree of sexual dimorphism, although slightly higher
than that of modern humans. According to the authors, this would suggest that by 1.5
million years ago, at least H. erectus s.l. had transitioned away from polygyny
(Villmoare et al. 2019).

Following a completely different line of research, the original contribution by
Ichumbaki et al. (2019) addressed the topic of local community’s interpretations of
the Laetoli hominin footprints. For the first time, the authors documented narratives
of Maasai (i.e. local people living in the Laetoli area) dealing with their perceptions
on what the footprints are and to whom they belong. The Maasai people connect
Laetoli footprints to the tale of Lakalanga, a strong hero who helped them to win a
battle against a neighbouring community. According to the story – which is consol-
idated into the local community oral tradition – Lakalanga was so big that wherever
he walked, he left visible tracks on the ground. Thus, the discovery of the large-sized
footprints at Site S has offered a further confirmation to the Maasai that the hero
warrior Lakalanga really existed (Ichumbaki et al. 2019).

The aforementioned papers represent a synthetic selection of those in which Site
S footprints have been studied/mentioned after their recent description (Masao et al.
2016). However, besides these research contributions, the discovery of Site S calls
on the whole international scientific community to question itself on the challenging
issue of conservation. Our fieldwork at Laetoli in 2014–2015 showed us the rele-
vance and peculiarities of the site. Besides the good preservation of the footprints
and their outstanding scientific significance, we could also verify the aggressiveness
of the East African environment on the ichnological record. Through qualitative
observations of the conservation status of the Footprint Tuff, we could ascertain how
the disruptive action of weathering, flora, and fauna is threatening the footprints even
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before excavation. This is jeopardizing a unique piece of cultural heritage that is still
largely unknown. Similar concerns were highlighted by several authors (Feibel et al.
1996; Getty Conservation Institute 1996; Agnew and Demas 1998) after the assess-
ment of the state of conservation of the Site G footprints, which in the 1990s had
been the subject of a project of consolidation, reburial, and protection coordinated by
the Getty Conservation Institute and Tanzanian Antiquities Division (Musiba et al.
2012). Further analyses are necessary at Site S to address the crucial issue of the
conservation of this invaluable palaeontological heritage. Large portions of the
printed surfaces unearthed in the test-pits are already severely threatened by natural
agents and could quickly disappear even if unexcavated (Masao et al. 2016).
Fractures are bringing to disintegration of part of the Footprint Tuff into small
cubic blocks. Roots are displacing the stratigraphic sequence and are opening
preferential ways for water to penetrate the substrate and for arthropods to dig
burrows in the ground. Therefore, keeping the situation as it is may not be the
right way to preserve the site, because unexcavated footprints may be saved from
weathering if they are excavated and properly treated. At the same time, we are
aware that any excavation without a clear understanding of the physical, chemical,
and biological risks to which the Footprint Tuff is exposed should not be undertaken.
A modern project aimed at the excavation, conservation, and valorization of the
Laetoli tracks must be preceded by a multidisciplinary study of environmental data
such as local microclimate, temperature and humidity variations, rainfall, dominant
wind, geological and petrographic characteristics of the substrate, interstitial water
composition and flow, physical damage due to trespassing of livestock and wild
animals, and local vegetation composition and its change. Future plans must include
a programme of continuous monitoring of the footprints, especially with the involve-
ment of the local community (Ichumbaki et al. 2019).

Once established a comprehensive plan of conservation and valorization of the
Laetoli footprints in close collaboration with all the involved Tanzanian
(e.g. Ministry of Natural Resources and Tourism, NCAA) and international
(e.g. UNESCO) institutions, new systematic excavations can be carried out. This
would allow unearthing the entire S1 and S2 trackways and also opening up the
intriguing possibility of discovering tracks of other individuals. This new research
would noticeably improve the available dataset on the foot anatomy, locomotor
pattern, body size variation, social structure, and behaviour of the Laetoli
australopithecines.
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