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A Dynamic Analysis of Middle Pleistocene human walking
gait adjustment and control
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ABSTRACT

Understanding the evolution of bipedal locomotion in humans
is of paramount importance to paleoanthropologists. Such endeavor
requires well-preserved dynamic evidence of fossil human locomotion
we are short of. Physical models of modern human locomotion
predict individuals would perform voluntary step length adjustment
as a function of slope gradient in order to minimize the energetic cost
of locomotion while maintaining balance and reasonably comfortable
gait. The famous Roccamonfina volcano “Devils trails”, which are
Middle Pleistocene Homo fossilized trackways, provide unique
opportunity to validate such predictions for fossil human individuals.
We studied the best-preserved Roccamonfina Devil’s trail to ascertain
the dynamic behavior of the individual who left the trackway. We
found Roccamonfina’s individual moved in a way which is dynamically
equivalent to modern humans, adjusting gait as to minimize energy
expenditure. We derived body mass and stature estimates for such
individual, which fit perfectly with previously published figures for
Middle Pleistocene hominins outside Africa.

Key worps: Homo heidelbergensis, Roccamonfina, Devil's
trails, human locomotion

INTRODUCTION

Mammal tracks represent some 20% of the total fossil
tetrapod trail record (LockLEY et alii, 2007). Among them, the
tracks of hominins stand out for being at one time among the
most important and rarest (LockLEY ef alii, 2008). LOCKLEY
et alii (2008) documented 63 different hominin footprint
sites, extending from the Pliocene (Laetoli, 3.7 MA) to the
Holocene (about 1,000 years BP). Most tracks were found
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in open air conditions, although a few occur within caves
or other closed environments (BENNETT & MOoRrsEg, 2014;
LockLEY et alii, 2008; PANARELLO, 2016). Among the former,
the well-known Roccamonfina’s “Devil’s trails” (Caserta,
Southern Italy) stands out for the exceptionally rich and
well-preserved evidence, and for being laid on a sloping
irregular surface, which gives the unique opportunity to
look at a fossil hominin gait adjustment along a single
trackway (MigTTo et alii, 2003). As of today, three different
fossil trackways (A, B, and C), associated with other
mammalian tracks, have been described at Roccamonfina
(Avanzini et alii, 2008; PANARELLO et alii, 2017). The “Devil’s
trails” were radiometrically dated at 349-350+3 kyr with
“OAr/*Ar method (SaNTELLO, 2010; ScaiLLET et alii, 2008).
The footprints were clearly left by individuals belonging to
a human species. The dating is consistent with one species
in particular, Homo heidelbergensis (ScaLLET et alii, 2008),
although genetic studies trace back the origin of Homo
neanderthalensis to almost the same period (ExpicorT et alii,
2010). The Roccamonfina footprints were considered the
oldest human footprints outside the Africa, until the recent
discovery of a human footprint surface at Happisburgh,
UK, dated in between ca. 1 and 0.78 Ma (AsHTON et alii,
2014). More recently, an enigmatic Miocene footprint set
was described in Trachilos (Crete, Greece). However, the
track might refer to an unknown late Miocene ape that
convergently evolved human-like foot anatomy (GIERLINSKI
et alii, 2017).

The three Roccamonfina trails descend along a
sloping volcanic outcrop at different angles. Specifically,
the footprints of the trackway A suggest that the hominin
deliberately chose an oblique route cutting avoiding the
steepest gradient along the path (Avanziniet alii, 2008; MIETTO
et alii, 2003). This precious behavioral information allows
to expand our knowledge of fossil hominin locomotion,
which is the subject matter of this investigation.

Human locomotion is a costly behavior. Humans
save energy during walking by exploiting a pendulum-
like movement which converts potential to kinetic energy
(CavacNa et alii, 1977). At running, the pendulum system
does not work since there is coincidence between the
maxima of potential and kinetic energy. Alternatively, a
mechanism recovering elastic energy stored in the Achilles
tendon and in the sole is exploited (ALEXANDER, 1992).
Harara et alii (2016) showed that the arched foot, hence
a conceivably similar energy-saving system, was already
present in Homo erectus. Whatever energy-saving system
applies, the labor transfer cannot occur at 100% efficiency,
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and additional energy must be fed into the system at each
step. Empirical evidence coming from oxygen consumption
experiments indicate that the minimum energetic cost
during either walking or running is not achieved by
moving on a flat surface, but on a negative slope of minus
10 to minus 20° (being steeper at running) (MARGARIA,
1976; MINETTI et alii, 2002; SaBoriT & Casinos, 2015). RUE &
KramEeRr (2017) demonstrated that these figures, obtained
by having human individuals moving over treadmills, are
also valid in non-lab (overground) conditions. KrRAMER
(2010) showed that body mass, sex, and gait cumulatively
explain 87% of the variation in the energetic expenditure
in gradient walking.

SaBorIT& CasiNos(2015)showed thatonadownhillslope,
humans adjust their walking strategy by either changing
the length of the steps or making for a transversal path in
order to move along a shallower slope. A single parameter,
K, defined as the ratio of limb to step lengths, has a range
of physiologically feasible values in Homo sapiens. Within
the range of K exploited by humans, energy consumption
rate is minimized, assuming that people voluntarily adjust
their gaits to reduce expenditure (ALEXANDER, 1980; 1984;
ScHEFFER & LINDSTEDT, 2013). STEUDEL-NUMBERS ef alii (2007)
showed that longer limbs tend to produce lower locomotor
expenditure. Unfortunately, though, the relationship
between stride and limb lengths is not well understood in
fossil hominins, despite its importance to fully understand
the evolution of our walking dynamics.

Different papers have been published in the last
few years about the energetic cost of locomotion in
fossil hominins. Their results are not always coincident.
Kramer & Eck (2000) investigated the locomotion of
Australopithecus afarensis (based on the proportions of AL
288-1 ‘Lucy’ skeleton) in comparison to a typical modern
woman. According to their results, at walking speed
Lucy spent less energy than a modern woman, but the
preferred transition speed from walking to running in AL
288-1 would occur at a much slower speed. SELLERS ef alii
(2005) estimated the most energy-efficient walking gait for
Lucy, by means of a robotic simulation. They concluded
that these early hominins were a fully-competent bipeds.
However, at comparing A. afarensis footprints at Laetoli
G (Wuite & Suwa, 1987) with those of modern humans
and chimpanzees, RaicHLEN ef alii (2008) argued it was not
possible to ascertain which species the Laetoli hominin
locomotion was more similar to. New footprints at Laetoli
S were described as biomechanically equivalent to the
footprints at Laetoli G, but referred to individuals of
different stature and body mass (Masao et alii, 2016).

STEUDEL-NUMBERS (2007) demonstrated that relative
limb elongation afforded Homo erectus a reduction in
energy expenditure of some 50% over AL 288-1. VipaL-
Corpasco et alii (2017) used body mass, femur length,
and bi-iliac breadth, to calculate the net and gross cost of
locomotion in different extinct hominins. They concluded
that Homo is not energetically more efficient than
Australopithecus in terms of locomotion, neither Homo
sapiens has more efficient (i.e. less expensive) walking as
compared to fossil Homo species.

Here, we belabored an application of SaBoriT & Casinos’
model (2015) which allows to calculate K, locomotory
costs, and to estimate body mass and limb lengths for fossil
hominins starting from fossilized trackways. We applied
this method to the Roccamonfina’s trackway A, in order to

understand how the hominin individual left the footprints,
and whether it tried to minimize energy expenditure
during the downhill walking. We compared dynamically
the Roccomonfina individual to modern H. sapiens taking
in mind H. ergaster and subsequent fossil members of the
genus Homo possessed proportions similar to those of
modern humans (Gruss, 2007). Specifically, we computed
the locomotory costs, and estimated its stature and body
mass.

MATERIAL AND METHODS

We focused on Roccamonfina’s trackway A (cf. Avanzini
et alii, 2008; MietTo et alii, 2003), which can be divided into
three sections separated by two sharp changes in slope.
Footprints in this trackway are well-defined, and clearly the
hominin was neither running nor having balance issues.

Despite the fact that speed, and thus kinetic energy,
has an important role in the mechanical energy analysis
of human locomotion, it was shown by SaBoriT & CasINOS
(2015) that at low and constant speed, as it the case in the
Roccamonfina trackway A, the term of kinetic energy is
much lower than that of potential energy in calculating
overall expenditure. Consequently, we removed the kinetic
energy term from the analysis as a first approach.

Measurements were taken directly on the footprints
of the central and final section (footprints 11-14 and 21-
25; see AvanziNI ef alii, 2008) to select the best and less
controversial consecutive footprints. For each footstep,
we took the step length by direct measurement by one
of us (AP), and the slope between consecutive footprints
on a digital model of the terrain. This three-dimensional
digital reconstruction (digital outcrop model, DOM) of
trackway A (Fig. 1A) consists of a point cloud produced by
means of multi-view stereo-photogrammetry (e.g. FAvALLI
et alii, 2012; REmonDINO & FEr-Hakivm, 2006). The DOM
was produced by using the Agisoft Photoscan software
package. In detail, 343 photographs were used to build a
point cloud ol 82057738 points, representing the surface
of the exposure hosting the trackway. The point-cloud was
scaled and georeferenced using five non co-linear control
points, following the pipeline described in Tavant et alii
(2016). The area covered by the model was about 46 m?,
resulting in a resolution of 1.7 point/mm?, which increases
to 4.5 point/mm? along the trackway (Fig 1B).

Slopes between consecutive footprints were
retrieved directly from the DOM, to the nearest
1%102 degree. To achieve the best possible precision and
to minimize operator induced error, this procedure was
run independently by two operators for a total of 5 slope
measurements for each footstep. Eventually, we averaged
the slopes between consecutive footprints for further
analyses. Finally, we transformed trigonometrically the
slope values into a vertical displacement dy and forward
displacement dx components, whose ratio dy/dx defines
the gradient index i.

The step length (1) taken directly on the trackway A,
represents the distance between a line perpendicular to
heel reference point and its intersection with the opposite
controlateral line of progression (WILKINSON & MENz, 1997).

Besides i (the gradient) a crucial index in SaBoriT &
Casinos’ (2015) model is K. This ratio links to step (1) and
limb lengths (/) through the equation K = /1. Limb length
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Fig. 1 - Digital outcrop model (DOM) of human footprints. A) The DOM of trackway A, with individual footprints numbered in green. A local
coordinate system is used in the model, with the origin set at Latitude 41.33° N, Longitude 14.02° E, Elevation 284 m. B) Footprints in upper
view (from the top down). Footprints 21 and 22 are highlighted. C) The Elevation model of trackway A, the reference points placed to produce
the DOM are indicated. D) The approach undertaken to calculate the step length 4 (here between footprints 21 and 22).

is, plainly, tightly correlated to body size. In turn, body size,
K, i, and [ define energy expenditure during locomotion
(SaBoriT & CasiNos, 2015), according to the equation:

1 ’ 1) _
1+iz+mgl<1— 1- m) =0 (1)

Where the first term defines the variation in potential
energy spent to move over a gradient for each step, and the
second term is the potential energy spent during oscillation
of the body center of mass at each step. Both terms are
expressed in Joules.

To find the best-fit estimates for body size and limb
lengths (1) of the Roccamonfina individual, and select the
parameter combination minimizing total expenditure, we
proceeded as follows:

mgl%

1. We drew a normal body size distribution of 1000
estimates centered at 66 kg, whereas the corresponding
standard deviation was arbitrarily set at one tenth of

the average body size, that is 6.6 kg. The mean of this
distribution coincides with the average body mass for
Middle Pleistocene humans (RUFF et alii, 1997; WILL et alii,
2018), whereas the resulting size range spans from some
40 to some 90 kg which is conceivably close to the actual
range of human body size variation. Although large, the
body size range consistently includes potential effects on
body size variation introduced by geography and sexual
dimorphism (RUFF et alii, 2002).

2. We found the maximum likelihood estimate of K as
follows:

a. Pick a single body size value m from the distribution
of body masses described in point 1, and derive a limb
length estimate [ for m from an allometric equation,
produced according to literature data on fossil Homo and
explained in detail in the supplementary material. In brief,
the allometric equation defining the relationship between
body size and limb length has a slope of 1.092 and an
intercept of 1.928 (p < 0.001, R-squared = 0.573) (Fig. S1).
To take statistical uncertainty into account, we used the
95% confidence interval around this slope estimate (that is
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any value taken randomly in between 0.795 and 1.388) to
estimate limb lenghts (Appendix S1).

b. Find the maximum likelihood estimate of K (Kﬁt)
that minimizes the difference between / and an additional
estimate of limb length [’ obtained according to the
equation K=[7A.

3. Compute the actual limb length [, according to the
equation Zﬁ[ =K, "

4. Compute the energy expenditure over the entire
trackway as with equation (1), after removing the body size
term (mgl) in order to obtain a mass specific (i.e. per kg')
expenditure (“en.by.step”). This equation gives the energy
expenditure over one step per unit m computed starting
from K values fitted in the likelihood function. Since
kinetic energy, as well as other energetic costs (i.e. basal
costs), was not taken into account, the energy expenditure
calculated equals to the potential energy expenditure,
which closely approximate the total expenditure.

5. Repeat the procedures in points 2 to 4, for each step
along the trackway, holding limb length (/,) constant.

6. For each step, estimate the energy expenditure by
body mass m and /. Sum the estimations over all steps
in order to produce the total energy expenditure (“Tot.
en”). This parameter returns the total energy expenditure
required to cover the entire trackway. Overall, we ran
100,000 randomizations repeating steps 1 to 6.

7. The total potential expenditure thus computed
does not account for the scaling of the cost of locomotion,
which is allometric in nature (CALDER, 1984). Indeed, it
was demonstrated that body mass significantly affects
energy expenditure during human walking (Kramer, 2010).
Large-bodied individuals have lower mass specific costs of
locomotion. This means that the intitial body size 12 will affect
the cost of locomotion, so that minimum total expenditure
will coincide with the largest possible body size. To remove
this effect, after the randomizations were completed we
regressed the body size m values to the corresponding total
energy expenditure estimates and took the residuals. The
lowest absolute residual this way corresponds to the single
combination of 11, fitted K values (along the entire trackway),
and Zﬁ . minimizing the total energy expenditure.

In order to verify that the shape of body mass
distribution does not affect the results, we repeat the
entire procedure by using a uniform distribution of body
masses with the same range (40 to 90 kg) as the original
distribution.

Once the best fit estimates for body size and limb
lengths were found, we used them to feed allometric
equations describing the relationships between limb
length to stature in Homo. We used the equations in
TrROTTER & GLESER (1952) and WiLsoN et alii (2010), which
provide different equations for different ethnic groups.
These equations allow to estimate stature starting from
limb length measurement (femur + tibia) in Homo, and
separately for the both sexes.

RESULTS

We report individual step lengths (1) and slopes derived
from the DOM for each footstep (Tab. 1, 2). The mean
values of slope and 1 along the trackway are -21.08° and
0.542 m, respectively.

TABLE. 1

Average slope measurements in degrees for each

footstep.
Trackway A1l (11-14) Trackway A2 (21-25)
footstep slope footstep slope
11-12 35.11 21-22 13.25
12-13 18.42 22-23 21.34
13-14 10.51 23-24 16.7
24-25 28.87

TABLE. 2

Step length measurements in meters for each step.

Trackway Al (11-14) Trackway A2 (21-25)
Step stepL (1) footstep stepL (1)
11-12 0.551 21-22 0.523
12-13 0.442 22-23 0.614
13-14 0.439 23-24 0.609
24-25 0.619

The actual inter-footstep slope ranges from -35.11°
to -10.51°. The highest value is observed over the first to
second footprints, whereas the lowest values are observed
at the mid-section of trackway.

As expected, the step length (1) changes as a function of
slope. Yet, the regression between K, and either the slope
or i values, are not significant (slope: p-value = 0.232, R?=
0.269; i value: p-value=0.250, R?=0.252, Tab. S2).

The average, best-fit potential energy expenditure per
unit length, calculated for the normal body size distribution,
equals to 56,42 J * m"' (corresponding to average value of
30.6 J per step, Tab. 3). The corresponding fitted K values
have a mean of 1.436. The limb length estimate is 0.764
meters, and the body mass is 68.430 kg. The values of K
along the trackway range from 1.23 to 1.74 (Tab. 3).

By using the uniform distribution, the best-fit body
mass estimate is 66.235 kg (Tab. 4). This value is slightly
lower than the body size estimated by using normal
distribution. Consequently, the other related estimates
follow the same trend. Limb length estimate is 0.734 m,
whereas the potential energy expenditure, for 1 kg of mass
transported along 1 meter, has an average value of 0.833 J
* kg * m! (Tab. 4). It should be noted that although minor,
the cost of kinetic energy contributes to total expenditure.
This means our energetic estimate are conservative, and
probably some 10% smaller than the actual figures.

By using the limb length estimate reported in the Tab. 3,
we calculate the stature for Roccamonfina individual to be
between 1.54 m and 1.63 m (Tab. 5). Very similar results are
obtained by using the limb length estimated by applying
the uniform distribution (see Tab. S1).
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TABLE. 3

The best-fit total potential energy expenditure for the normal body size distribution.
K values fitted by using likelihood function, limb length and body size estimated, energy expenditure per unit length
over the entire trackway (Tot.en). Results were computed starting from normal body size distribution. Lw.B and Up.B
are 95% confidence interval for body size estimate.

Limb

Fitted en.by.step . Body size Tot.en
step Ks Lw.L Leﬁf‘th Up.L (kg *step™) Slope (i) Lw.B (kg) Up.B (7 * step™)
11-12 1.387 0.758 0.764 0.771 0.668 0.703 67.980 68.430 68.863 45.738
12-13 1.729 0.758 0.764 0.771 0.390 0.333 67.980 68.430 68.863 26.672
13-14 1.741 0.758 0.764 0.771 0.256 0.185 67.980 68.430 68.863 17.497
21-22 1.462 0.758 0.764 0.771 0.317 0.235 67.980 68.430 68.863 21.717
22-23 1.245 0.758 0.764 0.771 0.469 0.391 67.980 68.430 68.863 32.074
23-24 1.255 0.758 0.764 0.771 0.391 0.300 67.980 68.430 68.863 26.773
24-25 1.235 0.758 0.764 0.771 0.640 0.631 67.980 68.430 68.863 43.772

TABLE. 4

The best-fit total potential energy expenditure for the uniform body size distribution.
K values fitted by using likelihood function, limb length and body size estimated, energy expenditure for unit length
over the entire trackway A (Tot.en). Results were computed starting from uniform body size distribution. Lw.L and
Up.L are 95% confidence interval for limb length estimate. Lw.B and Up.B are 95% confidence interval for body size

estimate.
Limb

Fitted en.by.step . Body size Tot.en
step Ks Lw.L Leafth Up.L (*kg-1*step) Slope (i) Lw.B (kg) Up.B (@ * step™)
11-12 1.332 0.721 0.734 0.749 0.673 0.703 65.335 66.235 67.304 44.55
12-13 1.66 0.721 0.734 0.749 0.393 0.333 65.335 66.235 67.304 26.031
13-14 1.671 0.721 0.734 0.749 0.259 0.185 65.335 66.235 67.304 17.148
21-22 1.403 0.721 0.734 0.749 0.321 0.235 65.335 66.235 67.304 21.282
22-23 1.195 0.721 0.734 0.749 0.474 0.391 65.335 66.235 67.304 31.365
23-24 1.205 0.721 0.734 0.749 0.396 0.3 65.335 66.235 67.304 26.23
24-25 1.185 0.721 0.734 0.749 0.645 0.631 65.335 66.235 67.304 42.69

DISCUSSION confirms that the Roccamonfina hominin had not to adapt

From the digital outcrop model it is evident that the
trackway A has much shallower slope than the hillside itself.
This suggests the Roccamonfina individual intentionally
avoided the steepest slope, and despite moving upon a
substrate of possibly warm ash, was comfortable enough
not to run, as evidenced by the footprints spacing. This
suggests that the assumption that the hominin moved
using a comfortable path, which is also suggested by our
approach (i.e. to minimize energy expenditure according
its physiological constraints such as limb and step lengths),
is probably correct.

The mean K of the path is 1.436. The K value shows
little variation along the trackway, despite the great change
in slope. The regression between K parameters against
either slope and i values are in fact not significant, even if
both regressions give a positive slope (Fig. S2). This result

its step length to the optimal gradient. It should be noted
that not any K is feasible due to physiological constraints.
At K < 0.8 the step length would become too large, and
energy consumption would increase disproportionately, to
be a sensible choice (SaBorit & Casinos, 2015). On the other
hand, large K values correspond to exceedingly short steps
that, despite they do not require much energy, would lead
to a small walking velocity, and again, be uncomfortable.

The Roccamonfina hominin was estimated to be some
68 kg, 1.60 m tall individual. This is bulkier than most
modern humans, suggesting the individual might have
been stocky built. This is common to Middle Pleistocene
humans, as this small stature and heavy built has
been shown to occur in both H. heildebergensis and H.
neanderthalensis (HELMUTH, 1998; RurF, 2002).

Possibly the best body mass estimates in fossil Homo
have been obtained by postcranial fossil remains (RUFF et
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TABLE. 5

Stature estimates.

Different estimates following TROTTER & GLESER (1952),
WiLsoN (2010) FSTAT, and WiLson (2010) ASTAT multiple
regression equations. Lw and up represent the stature
estimates starting from 95% confidence interval of limb
length estimate.

TROTTER & GLESER (1952)

Categories Iw Stature up

Female EG1 158.575 159.453 160.301
Male EG1 161.842 162.664 163.456
Female EG2 155.24 156.036 156.804
Male EG2 158.221 158.947 159.649
mean 158.469 159.275 160.052

WILSON (2010) FSTAT

Categories Iw Stature up

Female EG1 159.035 159.88 160.694
Male EG1 159.455 160.468 161.446
Female EG2 153.255 154.251 155.212
Male EG2 157.641 158.477 159.283
mean 157.346 158.269 159.159

WILSON (2010) ASTAT

Categories Iw Stature up

Female EG1 159.194 160.035 160.846
Male EG1 160.105 161.072 162.004
Female EG2 156.336 157.183 158

Male EG2 158.35 159.168 159.958
mean 158.496 159.365 160.202

alii, 1997), and some cranial variables such as orbital area
(KappELMAN, 1996; RiGHTMIRE, 2004) or orbital height (AieLrLo
& Woob, 1994). However, the reliability of these estimates
depends on sample size, which is an issue with the scarce
Middle Pleistocene human fossil record. Furthermore,
a number of estimates derives from regressions between
pooled Homo samples (i.e. without separating among
species). Body size within the hominin lineage tends to
increase over time in keeping with Cope’s rule (GRABowsKI
et alii, 2015; Ra1a et alii, 2012; WiLL et alii, 2018). Although
there are exceptions to the pattern (i.e. Homo naledi, GARVIN
et alii, 2017; Homo floresiensis, Diniz-FiLuo & Raia, 2017)
and large sized individuals appear even within australopiths
(Masao et alii, 2016) a marked increase seems nonetheless
to have taken place, on average, with the appearance of
H. erectus s.l. (ANTON et alii, 2014, GraBowskI ef alii, 2015).
Rurr (2002) found an increment in body mass of some 10%
during the Middle Pleistocene with a peak at 500 ka. In
agreement to Bergmann’s rule (BErGmaNN, 1848), this trend

is probably influenced by the inclusion of high-latitude
Homo remains (Rurr et alii, 1997), but the magnitude of the
shift suggests additional and non-exclusive causes, such as
shift to high quality diet (AieLLo & WHEELER, 1995) or new
behavioral responses to changing environments (GABUNIA
et alii, 2000). Our results point to a 68.4 kg individual. This
is very close to the average body mass (67.9 kg) reported
for Middle Pleistocene Homo (RUFF et alii, 1997). This mass
estimate is further close to the mean for 430 kyr Sima de
los Huesos (Atapuerca) hominins at 69.1 kg (Arsuaca et alii,
2014; 2015). These results indicate that the Roccamonfina
individual perfectly fits the ecogeographical and temporal
patterning in body mass evolution found for Middle
Pleistocene Homo (HorLipay, 1997; WILL ef alii, 2018).

As regards the stature, as said above, we fitted a
value of some 1.60 m, which still fits perfectly the Middle
Pleistocene human body characteristics. CARRETERO et alii
(2012) starting from both upper and lower limb remains
of Sima de los Huesos individuals, reported a mean stature
(male mean + female mean/2) of 163.6 cm, whereas the
range of variation around this estimate spans from 1.56
cm to 1.68 cm when sexual dimorphism is considered
(CarreTERO ef alii, 2012). Perhaps unsurprisingly, the
Roccamonfina individual estimated stature also coincides
almost perfectly with H. neanderthalensis estimates
(CARRETERO et alii, 2012; WiLL et alii, 2018).

The features we predicted for the Roccamonfina
hominin leave open the debate about attribution of these
tracks to a given Homo species. Further studies more
directly addressing the mark left on the surface by the
walking individual (e.g. based on Winkler’s individual index
to derive body mass [rom [ootprint-induced substrate
deformation). The temporal context does not allow to settle
the issue, although the studied hominin seems to have
been a normal sized individual, which moved comfortably
well across the ashes of Roccamonfina volcano.

CONCLUSION

We aimed to explain how the Roccamonfina individual
walked downhill along the slope gradient of Roccamonfina
volcano. In addition, we derived some of its bodily features,
as body size, limb length, and stature, from an explicit
biomechanical model of human locomotion. The choice of
such model is justified by the particular, oblique path the
hominin took at walking through the trackways, which is
expected by the model. The average K we fitted are very
close to estimates for humans, including H. sapiens. Body
mass and stature estimates for the Roccamonfina individual
are consistent with Middle Pleistocene Homo remains.
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