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Abstract: The Early Pleistocene sites of Orce in southeastern Spain, including Fuente Nueva-3 (FN3),
Barranco León (BL) and Venta Micena (VM), provide important insights into the earliest hominin
populations and Late Villafranchian large mammal communities. Dated to approximately 1.4 million
years ago, FN3 and BL preserve abundant Oldowan tools, cut marks and a human primary tooth,
indicating hominin activity. VM, approximately 1.6 million years old, is an outstanding site because it
preserves an exceptionally rich assemblage of large mammals and predates the presence of hominins,
providing a context for pre-human conditions in the region. Research suggests that both hominins and
giant hyenas were essential to the accumulation of skeletal remains at FN3 and BL, with secondary
access to meat resources exploited by saber-toothed felids. This aim of this study aims to correlate the
relative abundance of large herbivores at these sites with their estimates of Carrying Capacity (CC)
and Total Available Biomass (TAB) using the PSEco model, which incorporates survival and mortality
profiles to estimate these parameters in paleoecosystems. Our results show: (i) similarities between
quarries VM3 and VM4 and (ii) similarities of these quarries with BL-D (level D), suggesting a similar
formation process; (iii) that the role of humans would be secondary in BL-D and FN3-LAL (Lower
Archaeological Level), although with a greater human influence in FN3-LAL due to the greater
presence of horses and small species; and (iv) that FN3-UAL (Upper Archaeological Level) shows
similarities with the expected CC values for FN3/BL, consistent with a natural trap of quicksand
scenario, where the large mammal species were trapped according to their abundance and body
mass, as there is a greater presence of rhinos and mammoths due to the greater weight per unit area
exerted by their legs. Given the usefulness of this approach, we propose to apply it first to sites that
have been proposed to function as natural traps.

Keywords: prey biomass; large mammals; taphonomy; Early Pleistocene; Western Europe; Venta
Micena; Fuente Nueva 3; Barranco León
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1. Introduction

Reconstructing the ecological conditions under which past species evolved is of great
interest, because it allows us to interpret how different aspects affected their evolution.
Resource availability is among the parameters that most influence the distribution and
survival of species. Animal resources played a key role in the survival of the human
lineage since at least 2.5 million years ago (Ma) [1] and were particularly critical for
Pleistocene hominins in Europe [2–4], although for some human species it has been sug-
gested that they also consumed high amounts of plant resources [5–11]. Even today, most
hunter-gatherer societies rely heavily on animal resources [12–14]. Many researchers have
argued that large mammals were the primary source of meat and fat for hominins in the
Pleistocene [3,11,15–22]. In this way, the study of the ecological framework in which ho-
minin groups evolved can shed light on their subsistence strategies and patterns of resource
exploitation, which are key to the study of human evolution [23–25].

In order to assess the ecological conditions of past large mammal communities, Car-
rying Capacity and meat availability can be used as indices useful for characterizing
ecosystems and paleoecosystems (e.g., [26–32], among others). The term Carrying Capacity
is widely used in the life sciences and is applied at a variety of levels of analysis, from
molecular to ecological studies (see [33]). In present-day ecosystems, Carrying Capacity
has been used to assess the status of large mammal populations and to guide manage-
ment and conservation efforts [27–29]. Typically, these studies use the third meaning of
Carrying Capacity as defined by Sayre [33], where K is the intrinsic population growth
limit after long-term environmental stability. Applied to paleosynecology, it is useful for
establishing predator–prey relationships derived from the obtaining of accurate biomass
estimates [32,34–37]. In this study, as proposed by Coe et al. [26], we will consider Carrying
Capacity (CC) as synonymous with the prey biomass species that can be sustained over
time in an ecosystem. The concept of CC is sometimes used as a synonym for the availabil-
ity of meat resources in ecosystems (e.g., [38,39]). However, CC (i.e., the total biomass of
an ecosystem) cannot be used by the secondary consumers without leading the ecosystem
to collapse. For this reason, we support the use of the term ‘available meat’ to refer to the
biomass fraction of the ecosystem that can be sustainably used by the secondary consumers
(see [30,37,40–45]). Therefore, we use the concept of available meat as the primary con-
sumer biomass potentially available to the secondary consumers, which was termed Total
Available Biomass (TAB) by Rodríguez-Gómez et al. [40].

In present-day ecosystems, CC estimates for large mammals are calculated from ob-
served densities and average population weights, sometimes using three-quarters of adult
female weight [27–29] and in other cases using adult female weight directly [31]. These
approaches are not easy to apply in the case of paleoecosystems (see [37]) and alternatives
have been sought, sometimes using average adult body masses (e.g., [35,46–52]; but see [37])
or estimating ecosystem Carrying Capacity from climatic parameters (e.g., [32,36,38,39]).
Survival profiles are another alternative used to infer average population body mass [37],
which allows for obtaining values similar to the Hatton et al. [31] approach using mean
adult female body mass for current ecosystems. These survival profiles provide informa-
tion on the proportion of individuals in a population who survive by age group and thus
make it possible to obtain mortality profiles (i.e., the proportion of individuals who die
by age group in the population). From these mortality profiles, if conditions of stability
and stationarity are met (see [53,54]), it is then possible to estimate the long-term meat
resources available in a paleoecosystem [30,37,40–45,55,56]. Leslie-Lewis matrices or the
Weibull model are both useful tools for obtaining survival and mortality profiles, thus
allowing for the estimation of age structures for fossil populations and modeling their
dynamics [37,54,55,57]. We developed the PSEco model from estimates of survival and
mortality profiles of herbivore species, which makes it possible to estimate ecosystem CC,
TAB and secondary consumer biomass [45]. Results from this model on predator–prey
biomass relationships resemble those found in current African ecosystems [45], supporting
the use of this methodology.



Quaternary 2024, 7, 37 3 of 21

Located about 150 km northeast of the city of Granada (SE Spain), in the eastern sec-
tor of the Guadix-Baza Depression and within the Baza Basin, the Orce sites are of great
interest for the study of human evolution in Europe, since they provide information on
the ecological conditions encountered by the first human settlers in Western Europe, as
well as on the period preceding the first hominin dispersal in this area. The archaeolog-
ical sites of Fuente Nueva-3 (FN3) and Barranco León (BL) preserve skeletal remains of
18 large mammalian species [58–61] (13 large prey, Table 1), as well as anthropic markings
associated with Oldowan lithics (i.e., Mode 1) [22,62–68]. Using a combined approach based
on biostratigraphy, magnetostratigraphy and electron spin resonance (ESR), the ages of
BL and FN3 were estimated in 1.43 ± 0.38 Ma and 1.19 ± 0.21 Ma, respectively [66,69].
Additionally, cosmogenic nuclides yielded an age estimate of 1.50 ± 0.31 Ma for FN3 [70].
Currently, the oldest human fossil in Western Europe is a deciduous molar tooth of BL
dated at ~1.4 Ma [66]. A marshy environment is associated with the excavated levels
of BL, with the exception of level D, which has fluvial features and contains the major-
ity of the archaeological assemblage [66]. The D level is subdivided into two layers, D1
and D2 and the time of its deposition was very short, which excludes it from being a
palimpsest [66,71]. Two archaeological levels are grouped for the six layers of the fertile strata
of FN3: a Lower Archaeological Level (LAL) (layers 1–3) and an Upper Archaeological Level
(layers 4–6) [22,64,72,73], which do not differ in the composition of their faunal assemblages
(see Table 1), except for the abundance of megaherbivores, and probably represent two
very close temporal events. Further from Orce is also a key paleontological site for study-
ing Early Pleistocene large mammal communities, Venta Micena (VM), which is slightly
older biostratigraphically (1.6–1.5 Ma) than FN3 and BL and has no evidence of human
presence (i.e., there are no lithic tools, anthropic marks on bones or human fossil remains
from this site). However, it presents a huge amount of fossil remains from an excavation
area of ~400 m2 in several quarries of Venta Micena (e.g., VM2, VM3 and VM4), with more
than 24,000 skeletal remains showing excellent preservation and low levels of weather-
ing in more than 90% of the remains, which has allowed the identification of 21 species
(14 large prey, Table 1). The role of scavenging hyenas was essential in the accumulation
of these skeletal remains in the vicinity of their denning sites during a period of several
years [74–76]. In contrast, Granados et al. [77] proposed a different interpretation of the Venta
Micena paleontological layer, based on isotopic and geochemical studies. Their findings
suggested that this layer was formed by a series of episodes of upward and downward
expansion of a shallow lake that originated in the vicinity of the deposits. However, in a
small sample excavated in quarry VM4, ~350 m away from VM3, Luzón et al. [78] proposed
that a different carnivore than in VM3 participated with a key role in bone accumulation,
arguing based on taphonomic differences between the two quarries (e.g., a lower weathering
rate in VM4, more abundant articulated remains than in VM3 and less intensity of fractures
and gnawing marks by the hyenas). In a later paper, however, Palmqvist et al. [79] demon-
strated that the differences between these two quarries were not due to the intervention of
different carnivores as bone accumulating agencies, but to differences in the time elapsed
until the skeletal remains were covered by limestone sediments (this period was shorter in
VM4, which explains the better preservation of the remains in this quarry compared to VM3).

Table 1. Minimum number of individuals (MNI) data from [22,68,78–80] of large herbivores identified
in the faunal assemblages of the Orce sites (Granada, Spain) analyzed in this study, together with the
relative percentage of abundance for each species. Abbreviations: VM: Venta Micena; BL: Barranco
León; FN3: Fuente Nueva-3; UAL: Upper Archeological Level of FN3; LAL: Lower Archeological
Level of FN3. * Remains showing gnaw marks made by a porcupine. a Palmqvist et al. [79];
b Espigares [80]; c Luzón et al. [78]; d Espigares et al. [22]; e Yravedra et al. [68].

Herbivore Species VM3 a,b VM4 a,c FN3-UAL d,e FN3-LAL d,e BL-D d

Ammotragus europaeus 1 (2.1%)
Bison sp. 51 (17.3%) 3 (7.1%) 8 (11.9%) 3 (8.1%) 4 (8.3%)
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Table 1. Cont.

Herbivore Species VM3 a,b VM4 a,c FN3-UAL d,e FN3-LAL d,e BL-D d

Bovidae indet. (cf. Rupicapra) 1 (0.3%)
Hemibos cf. gracilis 1 (0.3%) 1 (2.4%) 1 (1.5%) 1 (2.7%)
Hemitragus albus 16 (5.5%) 3 (7.1%) 4 (6.0%) 4 (10.8%) 3 (6.3%)
Praeovibos sp. 1 (0.3%)
Soergelia minor 20 (6.9%) 1 (2.4%)
Cervidae indet. (cf. Capreolus) 1 (0.3%)
Metacervocerus rhenanus 33 (11.4%) 6 (14.3%) 4 (6.0%) 5 (11.6%) 8 (16.7%)
Praemegaceros cf. verticornis 56 (19.3%) 7 (16.7%) 5 (7.5%) 2 (4.7%) 5 (10.4%)
Hippopotamus antiquus 5 (1.7%) 1 (2.4%) 7 (10.4%) 1 (2.3%) 5 (10.4%)
Equus altidens 91 (31.4%) 10 (23.8%) 5 (7.5%) 14 (32.6%) 3 (6.3%)
Equus sp. 2 (4.8%) 9 (13.4%) 5 (11.6%) 13 (27.1%)
Equus suessenbornensis 2 (3.0%) 2 (4.7%) 2 (4.2%)
Stephanorhinus hundsheimensis 7 (2.4%) 5 (11.9%) 8 (11.9%) 2 (4.7%) 2 (4.2%)
Mammuthus meridionalis 5 (1.7%) 2 (4.8%) 13 (19.4%) 3 (7.0%) 1 (2.1%)
Hystrix sp. 2 (0.7%) 1 * (2.4%) 1 * (1.5%) 1 * (2.3%) 1 (2.1%)

Total 290 42 67 43 48

The Orce sites have provided relevant information on the late Early Pleistocene large
mammals that inhabited southern Europe, on their paleocommunities and also on the
human groups that inhabited the region (e.g., [34,81–88]). Their richness and uniqueness
have allowed us to model and compare the paleoecological conditions that preceded and
followed the first hominin arrival in Western Europe [41,42]. Thus, these sites offer unique
opportunities for paleoecological analyses. We have conducted several paleoecological
studies on the Orce sites, analyzing both CC and TAB [25,41,42,45,65,79,87]. However, we
have not yet addressed the comparison of CC and TAB values between VM, BL and FN3.
PSEco, with its estimates of survival and mortality profiles, provides optimal scenarios
for the large herbivore species, with conditions of stability and stationarity, averaging
the temporal fluctuations of their populations [30,54]. Thus, our PSEco proposal can be
considered as an ideal situation and thus be used to analyze how the faunal assemblages
deviate from the situation represented by this model and why, as we did in a preliminary
analysis with the BL and FN3 records [65]. Assuming that the estimates of CC and TAB
obtained from PSEco can be considered under optimal ecological conditions, our main
objective in this study is to analyze whether the records from these sites can be correlated
with the representation that herbivorous mammals had in the paleocommunity and/or
with the meat that carnivores and humans could obtain from them and to compare the
assemblages of VM with those of BL and FN3. For doing so, we estimate the CC and TAB
of the large herbivore community of VM, BL and FN3 and compare them with the relative
abundances of species at these sites.

2. Materials and Methods

Based on the materials and methods used in previous analyses, this study aims to
reconstruct the paleocommunities of large herbivorous mammals preserved at the Orce sites,
focusing on Venta Micena (VM), Barranco León (BL) and Fuente Nueva-3 (FN3) (Table 1),
specifically in quarries 3 and 4 of Venta Micena (VM3 and VM4, respectively), the Upper
and Lower Archaeological Levels of FN3 (FN3-UAL and FN3-LAL, respectively) and level
D of Barranco León (BL-D). These faunal assemblages contain at least 11 species of large
herbivores (>10 kg), meeting the criterion of recording at least 8 prey species proposed by
Rodríguez-Gómez et al. [43] to identify those Pleistocene faunal assemblages with high
conservation completeness. In the analysis of CC and TAB, we used the same species as
those of the previous analysis [37,45] and considered FN3 and BL together because they had
the same faunal assemblages [22,37,41,45]. In addition to the information derived from the
faunal lists, we used Rodríguez-Gómez et al. [45] estimates of prey life history trait values on
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the basis of their modern analogues (Table 2). We reconstructed their survival and mortality
profiles using these values. We used survival profiles to estimate the average body mass
of herbivore populations and CC (see [37]). Mortality profiles allowed for the estimation
of TAB for the secondary consumers in the paleoecosystems (see [30,40,41,45,55]). The life
history traits included are adult and neonate body mass (ABM and NBM, respectively), age
at first birth (or age of sexual maturity + pregnancy) (AFB), number of litters per year (LY),
litter size (LS) and longevity (L). Estimates of mean adult body mass (ABM) were based on
metric measurements from fossil bones and teeth [37] (Table 2).

Table 2. Herbivore life history traits derived from comparison with living analogues data taken
from [45]. Abbreviations: ABM (adult body mass, in kg); AFB (age at first birth, in years); LS (litter
size); LY (litters per year); NBM (neonate body masses, in kg); L (longevity, in years); D (density, in
ind./km2). Densities were estimated using Damuth’s [89] equation (see text).

Order Family Species ABM AFB LS LY NBM L D

Artiodactyla Bovidae Ammotragus europaeus 135 2.00 1.19 1.00 4.95 19.2 2.38
Artiodactyla Bovidae Bison sp. 450 2.62 1.00 0.91 25.79 25.0 0.92
Artiodactyla Bovidae Bovidae indet. (cf. Rupicapra) 25 2.00 1.19 1.00 1.89 19.2 9.03
Artiodactyla Bovidae Hemibos cf. gracilis 300 2.50 1.00 0.96 14.50 22.4 1.27
Artiodactyla Bovidae Hemitragus albus 75 2.00 1.19 1.00 3.28 19.2 3.79
Artiodactyla Bovidae Praeovibos sp. 315 2.00 1.19 1.00 9.96 19.2 1.22
Artiodactyla Bovidae Soergelia minor 225 2.00 1.19 1.00 7.45 19.2 1.59
Artiodactyla Cervidae Cervidae indet. (cf. Capreolus) 25 2.86 1.00 1.10 1.82 20.8 9.03
Artiodactyla Cervidae Metacervocerus rhenanus 95 2.86 1.00 1.10 5.57 20.8 3.14
Artiodactyla Cervidae Praemegaceros cf. verticornis 400 2.86 1.00 1.10 18.63 20.8 1.01
Artiodactyla Hippopotamidae Hippopotamus antiquus 3200 4.00 1.00 0.52 40.20 54.5 0.20
Perissodactyla Equidae Equus altidens 350 3.50 1.00 0.67 30.70 38.8 1.12
Perissodactyla Equidae Equus suessenbornensis 565 3.50 1.00 0.67 54.69 38.8 0.77
Perissodactyla Rhinocerotidae Stephanorhinus hundsheimensis 1000 6.75 1.00 0.36 41.75 47.0 0.49
Proboscidea Elephantidae Mammuthus meridionalis 6000 11.25 1.13 0.24 101.00 65.0 0.12
Rodentia Hystricidae Hystrix refossa 20 1.46 1.51 1.51 0.31 20.0 10.77
Rodentia Hystricidae Hystrix sp. 15 1.46 1.51 1.51 0.31 20.0 13.52

In order to estimate CC or prey biomass of paleocommunities, in this study, we
followed the approach of Rodríguez-Gómez et al. [37]. In the case of estimating the amount
of TAB provided by the prey community, we applied the PSEco model [45]. Both the
estimation of CC by means of survival profiles and the estimation of TAB by means of
mortality profiles require values of the average body mass of individuals at different ages
and population densities. These approaches take into account the proportion of subadults,
an aspect that is relevant for CC estimates (see [37]) or for analyses aimed at estimating
the exploitation of meat resources by large predators, since body size is one of the most
fundamental parameters in prey selection [74,90–92]. For the estimation of body mass of
prey species at distinct age intervals, we followed the proposal of Zullinger et al. [93]:

M(t) = ABM ∗ e−e−K(t−I)
, (1)

where ABM is the asymptotic body mass (that is, the adult body mass in g), M (t) is the
mass at age t, K is the growth rate constant (days−1) and I is the age at turning point (days).
K refers to the adult body mass according to the equation:

log(K) = −0.901 − 0.302 ∗ log(ABM) (2)

Mean mass values for each age interval were estimated as the arithmetic mean of the
two most extreme values within each age interval. To estimate density values, we used the
equation developed by Damuth [89] for European mixed temperate forests:

log(D) = −0.79 ∗ log(ABM) + 4.33; r2 = 0.94 (3)
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where D is the density of the population (ind./km2) and ABM is expressed in g.
To estimate CC for the Orce paleocommunities, we used the approach of Rodríguez-

Gómez et al. [37], which takes into account the relative proportion of individuals (li) and
body mass (Mi) in each age interval:

B = ∑n
i=1 li ∗ Mi ∗ D, i = 1, . . . , n. (4)

li was calculated from survival profiles and age structures obtained from the Weibull
model [45,53,54]:

li =
Xi

∑n
i=1 Xi

, i = 1, . . . n, (5)

with Xi being the number of individuals in each age interval. The biomass that each age
interval contributes to the total biomass of the population is derived from the proportion of
individuals and body mass per age interval and population density. By adding the biomass
of all species, the paleoecosystem CC is calculated.

For TAB, we used PSEco (see [45]), which estimates the number of individuals that
could die annually without causing their populations to collapse using mortality profiles of
large herbivores of a community (see [30,53,54]). PSEco uses the faunal lists (Table 1), the
values of life history traits (Table 2) and the prey species densities in the paleoecosystems
to estimate the amount of prey biomass that can be extracted from a paleoecosystem on an
annual basis. We used an equation similar to equation 4, substituting li for the proportion
of deaths between ages (di) (dx = lx − lx+1):

Output Biomass = ∑n
i=1 di ∗ Mi ∗ D, i = 1, . . . , n. (6)

The total output biomass (TBO) is the sum of the biomass output of all species in the
community results, as presented by Rodríguez-Gómez et al. [40]. From the TBO, PSEco
employs a “wastage factor” that estimates the percentage of biomass that is not used by the
secondary consumers (e.g., skin, horns and bones) (see [30,40,44,53,54]). The result is the
biomass available for the secondary consumers (in kg/km2*year−1 and kcal/km2*year−1),
which is called TAB (Total Available Biomass) in the PSEco model [45]. Since the Weibull
model provides many mortality profiles, PSEco selects only the extreme values correspond-
ing to maximum and minimum subadult mortalities [53,54], where TAB-min is the available
biomass corresponding to maximum subadult mortality (and minimum adult mortality)
and TAB-MAX refers to the reverse situation.

For both CC and TAB, we divided biomasses into six classes: Class 1: 10–45 kg; Class 2:
45–90 kg; Class 3: 90–180 kg; Class 4: 180–360 kg; Class 5: 360–1000 kg; Class 6: >1000 kg.
Thus, we can consider the importance of body size as the most significant parameter in
prey selection [74,90–92] as well as the contribution of each population to the different body
size classes, which in turn allows to compare values and patterns between CC and TAB.

Based on the results of CC and TAB, we estimated the relative percentage of each family
in each index. We grouped the species into families to facilitate and simplify the analyses.
For the fossil record, we used the minimal number of individuals (MNI) values to estimate
relative percentages (Table 1). We are aware of the tendency of MNIs to underestimate
common species and overestimate rare ones when considering the MNI (see [75]). However,
this allows us to consider the presence of some species that are represented by scarce fossil
or ichnofossil remains in the record. The comparison between the relative proportions of
families in the CC, TAB and fossil record was performed using the χ2 test.

3. Results

Tables 3 and 4 show the values obtained for the Carrying Capacity (CC) and available
meat (TAB) provided by the different species of primary consumers of the faunal assemblages
of Venta Micena (VM), Barranco León (BL) and Fuente Nueva-3 (FN3). These values are aver-
ages of those obtained from the survival and mortality profiles. The CC of Venta Micena was
3813 kg/km2*year and that of Fuente Nueva-3 and Barranco León was 3535 kg/km2*year,
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while the TAB values were 468 and 387 kg/km2*year, respectively. With these values, CC was
8 and 9 times higher than TAB in these sites, respectively, and the relative percentage of TAB to
CC were 12.28% and 10.96%, respectively. These percentages can be interpreted as the annual
turnover rates of these faunal sets that could be consumed by the secondary consumers with-
out causing ecosystem degradation. For both VM (Table 3) and FN3/BL (Table 4), the species
that contributed the most biomass to the CC was Mammuthus meridionalis (534 kg/km2*year
in both cases), while the species that contributed the least biomass to the ecosystems was
the porcupine (Hystrix) (135 and 138 kg/km2*year, respectively). The opposite situation
occurred with the values of TAB, where the species that provided the most meat to the
environment was the porcupine (42 kg/km2*year) and the one providing the least was the
mammoth (18 kg/km2*year). This is because species with low reproductive rates, such
as the megaherbivores, cannot tolerate high rates of mortality, an aspect that species with
high reproductive rates, such as the porcupine, can tolerate (see Table 2) [45]. As can be
seen in Tables 3 and 4, most species contribute biomass to three size classes for both CC
and TAB, with the exception of porcupines, bovidae indet. (cf. Rupicapra) and Cervidae
indet. (cf. Capreolus) from VM, which only contribute to the first class (10–45 kg), and goats
Hemitragus albus and horses Equus altidens, which both contribute to two classes.

Figure 1 shows the estimated CC and TAB values for VM, FN3 and BL distributed
across the six size classes provided by PSEco [45]. As mentioned above, we grouped the
species values into families to simplify and facilitate comparisons. Differences in biomass
distribution patterns can be observed between VM and FN3/BL for both CC and TAB. In
terms of CC, two blocks can be distinguished for both VM and FN3/BL, formed by the first
three size classes and the last three ones, with the second block standing out in the two
assemblages with the highest biomass (Figure 1A,B). The largest differences between the
two assemblages are found in class 1 (10–45 kg) and class 4 (180–360 kg), with class 1 in
VM contributing more biomass than classes 2 (45–90 kg) and 3 (90–180 kg) and 4 more than
5 (360–1000 kg) and 6 (>1000 kg) (Figure 1A). This is not the case for FN3/BL (Figure 1B).
In the case of TAB, classes 1 and 4 are also prominent in VM (Figure 1C). However, the
distribution in FN3/BL was more homogeneous, except for class 6, which had a lower
value (Figure 1D). Comparing the figures of CC with those of TAB, it is possible to observe
the differences in the biomass contribution of megaherbivores to one or the other index,
playing a major role in CC and a very secondary one in TAB (Figure 1). The families Bovidae
and Cervidae contribute to all size classes except the one in excess of 1000 kg (class 6),
where the main contribution is made by the members of the families Hippopotamidae and
Elephantidae (Figure 1). Equids in VM are only represented by E. altidens and contribute
biomass to two size classes. In contrast, two species (E. altidens and E. suessenbornensis) are
present in FN3/BL and contribute to four size classes.

Figures 2 and 3 show the proportions of the different families according to the estimates
of CC, TAB and minimum number of individuals (MNI) obtained for each site (Table 1).
In VM, bovids and cervids stand out in the estimates of CC, TAB and in the relative
abundance of the VM3 and VM4 quarries. In these quarries, equid remains are also
relevant, which is not the case for CC and TAB. The χ2 tests show significant differences
between the CC and TAB values with relative abundance in the VM quarries, but no
significant differences between the two quarries (χ2 = 11.709; p =0.068795), supporting the
suggestions of Palmqvist et al. [79] that these assemblages have a similar composition. In
terms of CC and TAB values, VM3 and VM4 show higher proportions of cervids and equids
and lower representations of bovids and porcupines. VM4 shows proportions of rhino
Stephanorhinus hundsheimensis close to CC and mammoths close to TAB values. Although
the χ2 analysis shows no differences between the proportions of the different families in the
VM3 and VM4 assemblages, it can be seen that VM3 has lower proportions of mammoth,
rhinoceros and porcupine and higher proportions of bovids than VM4 (Figure 2C,D). If
we distribute the proportion of the different species in three body mass categories (small:
10–90 kg; medium-large: 90–600 kg; megaherbivores: >600 kg) (Table 5), we can see that in
both VM3 and VM4 there is a greater proportion of medium-to-large species, although in
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VM4 megaherbivores reach almost 20% of the assemblage while in VM3 they are 6%. In
the case of BL and FN3, bovids and cervids also stand out in the values of CC, TAB and in
the fossil record, as recorded by MNI counts, as well as equids in the latter. The χ2 tests
show no significant differences between the CC values and those of the UAL level of FN3
(χ2 = 4.6274; p = 0.5924). Regarding CC and TAB values, FN3-LAL and BL-D show higher
estimates for equids and lower values for bovids, porcupines and rhinoceros (Figure 3).
FN3-LAL shows cervid values close to CC and rhinoceros close to TAB values and it is
noteworthy that the representation of equids is 49%. In the case of BL-D, values close to CC
are observed for hippo Hippopotamus antiquus and close to TAB for rhinoceros (Figure 3). For
both CC and TAB, FN3-UAL has higher values for equids and mammoths, lower values for
bovids and porcupines and similar values for cervids and hippos (Figure 3). Regarding the
distribution by body size categories (Table 5), very close values can be observed for the CC
of the FN3/BL and FN3-UAL records, where the biomass is concentrated in medium-large
species (>50%) and megaherbivores (>35%). In FN3-LAL and BL-D, most species are of
medium to large size (~75%), with megaherbivores being more relevant in BL-D (17%),
while in FN3-LAL both small species and megaherbivores are similarly relevant (12% and
14%, respectively) (Table 5).
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Figure 1. Histograms of Carrying Capacity (CC, in kg/km2*year−1) for Venta Micena (A) and
Fuente Nueva-3/Barranco León (B) together with the values of Total Available Biomass (TAB,
in kg/km2*year−1) by body mass categories (10−45 kg: Class 1; 45–90 kg: Class 2; 90–180 kg:
Class 3; 180–360 kg: Class 4; 360–1000 kg: Class 5; >1000 kg: Class 6) for both paleocommunities
((C,D), respectively).
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Table 3. Estimated values of Carrying Capacity (CC, in kg/km2*year−1) and Total Available Biomass (TAB, in kg/km2*year−1) from the PSEco model for the Venta
Micena (VM) faunal assemblage by body mass classes (Class 1: 10–45 kg; Class 2: 45–90 kg; Class 3: 90–180 kg; Class 4: 180–360 kg; Class 5: 360–1000 kg; Class 6:
>1000 kg).

CC Bison sp.
Bovidae

Indet. (cf.
Rupicapra)

Hemibos cf.
gracilis

Hemitragus
albus

Praeovibos
sp.

Soergelia
minor

Cervidae
Indet. (cf.

Capreolus)

Metacervocerus
rhenanus

Praemegaceros
cf. verticornis

Hippopotamus
antiquus

Equus
altidens

Stephanorhinus
hundsheimensis

Mammuthus
meridionalis

Hystrix
sp.

Class 1 0.00 178.31 0.00 24.70 0.00 20.00 184.29 22.68 0.00 0.00 0.00 0.00 0.00 135.34
Class 2 18.85 0.00 18.68 178.51 18.75 0.00 0.00 60.96 18.62 0.00 18.15 0.00 0.00 0.00
Class 3 0.00 0.00 28.29 0.00 27.79 60.51 0.00 139.91 0.00 4.06 0.00 6.06 0.00 0.00
Class 4 60.10 0.00 212.66 0.00 186.96 146.18 0.00 0.00 91.17 0.00 287.27 13.21 2.03 0.00
Class 5 201.58 0.00 0.00 0.00 0.00 0.00 0.00 0.00 153.58 21.56 0.00 373.10 4.91 0.00
Class 6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 368.07 0.00 0.00 526.60 0.00

Total 280.53 178.31 259.63 203.20 233.50 226.69 184.29 223.55 263.37 393.68 305.42 392.37 533.54 135.34 CC = 3813.42

TAB Bison sp.
Bovidae
Indet.(cf.

Rupicapra)

Hemibos cf.
gracilis

Hemitragus
albus

Praeovibos
sp.

Soergelia
minor

Cervidae
Indet. (cf.

Capreolus)

Metacervocerus
rhenanus

Praemegaceros
cf. verticornis

Hippopotamus
antiquus

Equus
altidens

Stephanorhinus
hundsheimensis

Mammuthus
meridionalis

Hystrix
sp.

Class 1 0.00 38.13 0.00 10.26 0.00 8.31 34.19 8.55 0.00 0.00 0.00 0.00 0.00 42.21
Class 2 4.35 0.00 6.43 28.97 7.31 0.00 0.00 10.39 6.58 0.00 6.52 0.00 0.00 0.00
Class 3 0.00 0.00 4.92 0.00 5.59 11.76 0.00 18.76 0.00 1.51 0.00 0.94 0.00 0.00
Class 4 7.99 0.00 26.44 0.00 26.57 19.82 0.00 0.00 14.03 0.00 24.83 1.11 0.21 0.00
Class 5 20.40 0.00 0.00 0.00 0.00 0.00 0.00 0.00 15.90 1.68 0.00 18.65 0.27 0.00
Class 6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 17.60 0.00 0.00 17.03 0.00

Total 32.74 38.13 37.78 39.24 39.47 39.88 34.19 37.71 36.52 20.79 31.35 20.70 17.50 42.21 TAB = 468.21
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Table 4. Estimated values of Carrying Capacity (CC, in kg/km2*year−1) and Total Available Biomass (TAB, in kg/km2*year−1) from the PSEco model for the Fuente
Nueva-3 (FN3) and Barranco León (BL) faunal assemblages by body mass classes (Class 1: 10%–45 kg; Class 2: 45–90 kg; Class 3: 90–180 kg; Class 4: 180–360 kg;
Class 5: 360–1000 kg; Class 6: >1000 kg).

CC Ammotragus
europaeus Bison sp. Hemibos

cf. gracilis
Hemitragus

albus
Metacervocerus

rhenanus
Praemegaceros
cf. verticornis

Hippopotamus
antiquus

Equus
altidens

Equus suessen-
bornensis

Stephanorhinus
hundsheimensis

Mammuthus
meridionalis

Hystrix
refossa

Class 1 23.48 0.00 0.00 24.70 22.68 0.00 0.00 0.00 0.00 0.00 0.00 138.30
Class 2 30.05 18.85 18.68 178.51 60.96 18.62 0.00 18.15 0.00 0.00 0.00 0.00
Class 3 157.94 0.00 28.29 0.00 139.91 0.00 4.06 0.00 19.09 6.06 0.00 0.00
Class 4 0.00 60.10 212.66 0.00 0.00 91.17 0.00 287.27 24.70 13.21 2.03 0.00
Class 5 0.00 201.58 0.00 0.00 0.00 153.58 21.56 0.00 286.43 373.10 4.91 0.00
Class 6 0.00 0.00 0.00 0.00 0.00 0.00 368.07 0.00 0.00 0.00 526.60 0.00

Total 211.46 280.53 259.63 203.20 223.55 263.37 393.68 305.42 330.21 392.37 533.54 138.30 CC = 3535.26

TAB Ammotragus
europaeus Bison sp. Hemibos

cf. gracilis
Hemitragus

albus
Metacervocerus

rhenanus
Praemegaceros
cf. verticornis

Hippopotamus
antiquus

Equus
altidens

Equus suessen-
bornensis

Stephanorhinus
hundsheimensis

Mammuthus
meridionalis

Hystrix
refossa

Class 1 10.44 0.00 0.00 10.26 8.55 0.00 0.00 0.00 0.00 0.00 0.00 41.98
Class 2 6.19 4.35 6.43 28.97 10.39 6.58 0.00 6.52 0.00 0.00 0.00 0.00
Class 3 24.37 0.00 4.92 0.00 18.76 0.00 1.51 0.00 6.86 0.94 0.00 0.00
Class 4 0.00 7.99 26.44 0.00 0.00 14.03 0.00 24.83 2.90 1.11 0.21 0.00
Class 5 0.00 20.40 0.00 0.00 0.00 15.90 1.68 0.00 20.43 18.65 0.27 0.00
Class 6 0.00 0.00 0.00 0.00 0.00 0.00 17.60 0.00 0.00 0.00 17.03 0.00

Total 41.00 32.74 37.78 39.24 37.71 36.52 20.79 31.35 30.19 20.70 17.50 41.98 TAB = 387.49
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Figure 2. Carrying Capacity (CC) (A) and Total Available Biomass (TAB) (B) estimated for the Venta
Micena (VM) site. The relative abundances of herbivores in the VM3 (C) and VM4 (D) quarries,
estimated from values of minimum number of individuals (MNI) from [78,79], is also shown.
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Figure 3. Carrying Capacity (CC) (A) and Total Available Biomass (TAB) (B) for Fuente Nueva-3
(FN3) and Barranco León (BL). The relative abundance of herbivores in the Upper Archeological
Level (UAL-FN3) (C) and Lower Archeological Level of FN3 (LAL-FN3) (D) and the BL-D Level (E),
estimated from the minimum number of individuals (MNI) values of [22,68], is depicted.
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Table 5. Percentages of species by gross body size classes in the CC and TAB estimates for Venta
Micena (VM-CC and VM-TAB, respectively) and Fuente Nueva-3 and Barranco León (FN3/BL-CC
and FN3/BL-TAB, respectively) sites, in the fossil record of the Venta Micena 3 (VM3) and Venta
Micena 4 (VM4) quarries, in the UAL and LAL levels of Fuente Nueva-3 (FN3–UAL and FN3–LAL,
respectively) and in the D level of Barranco León (BL-D). The species were divided into three size cat-
egories: small (10–90 kg), medium-large (90–600 kg) and megaherbivores (>600 kg). Species included
in the small size class: Bovidae indet. (cf. Rupicapra), Cervidae indet. (cf. Capreolus), Hemitragus albus
and Hystrix sp. Species included in the medium-large size class: Ammotragus europaeus, Bison sp.,
Hemibos cf. gracilis, Praeovibos sp., Soergelia minor, Metacervocerus rhenanus, Praemegaceros cf. verticornis,
Equus altidens, Equus suessenbornensis and Equus sp. Species included in the megaherbivores size class:
Hippopotamus antiquus, Stephanorhinus hundsheimensis and Mammuthus meridionalis.

Small Size Medium-Large Size Megaherbivores

VM-CC 18 47 35
VM-TAB 33 55 13
VM3 7 87 6
VM4 10 71 19
FN3/BL-CC 10 53 37
FN3/BL-TAB 21 64 15
FN3–UAL 7 51 42
FN3–LAL 12 74 14
BL-D Level 8 75 17

4. Discussion

As used in studies of ecology and paleoecology, Carrying Capacity (CC) represents
the optimal and ideal conditions of a population and/or community, being the max-
imum growth it could have in the long term (see [33]). As previously proposed by
Palmqvist et al. [65], in this study, we used these optimal conditions to evaluate and in-
terpret the fossil assemblages, especially in communities rich enough to be considered
as completely preserved in the fossil record. To estimate these optimal conditions, we
used the PSEco model, which provided values of CC and Total Available Biomass or meat
(TAB), as well as the ecological densities of carnivores and humans that could sustain the
ecosystems [45]. For those paleocommunities of large mammals from Orce and the Sierra
de Atapuerca, PSEco produced results for predator–prey biomass ratios comparable to
those found in modern African ecosystems [45], which are close to steady conditions [31].
These results validated our approach as a means to estimate these ecological indices
(i.e., CC and TAB).

The CC results indicate similar values for the VM and FN3/BL faunal assem-
blages, although VM (3813 kg/km2*year) would have a slightly higher value than
FN3/BL (3535 kg/km2*year) (Tables 3 and 4), as we advocated in various previous
studies ([37,42,45,94]; however, see [95]). These values are similar to those presented by
Nairobi National Park (Kenya), Serengeti National Park (Tanzania), the Savuti area of Chobe
National Park (Botswana) and Kruger National Park (South Africa), including for megaher-
bivores [31]. In terms of TAB, there are greater differences between VM and FN3/BL, with
VM being more productive than FN3/BL due to the composition of the prey species and
their differences in reproductive rates (see [41,42,45,54]). When the distribution patterns of
CC and TAB are analyzed, there emerge differences between both communities (Figure 1).
Following Ripple and Van Valkenburgh [96], Rodríguez-Gómez et al. [43] suggested that
the differences between VM and FN3/BL in the patterns of TAB distribution among size
classes could be due to top-down forces, because the body size classes with higher val-
ues of TAB (45–90, 180–360, 360–1000 kg) correspond to those of the preferred prey of
the three top predators of FN3/BL (wild dog Lycaon lycaonoides as well as saber-tooths
Homotherium latidens and Megantereon whitei) [71]. As shown in Figure 1D, the distribution
of TAB is similar in classes 1 (10–45 kg), 2 (45–90 kg), 4 (180–360 kg) and 5 (360–1000 kg).
The pattern of TAB distribution between size classes in VM shows more inequality between
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these classes than in FN3/BL, with classes 1 and 4 standing out (Figure 1C). This situation
could have led to a greater competition for meat in VM, as more biomass was concentrated
in specific size classes, rather than being more homogeneously distributed among the
size classes (Figure 1C), as shown in FN3/BL (Figure 1D). This concentration of resources
could favor the specialist carnivores, while the homogeneous distribution could favor
the generalist ones, who could exploit a wider spectrum of resources. The compositional
differences in the guild of secondary consumers between VM and FN3/BL are mainly due
to the presence of the European jaguar Panthera cf. gombaszoegensis in VM and of Homo sp.
in FN3/BL, since the jaguar was a specialist flesh-eating hypercarnivore and humans were
an omnivorous and more generalist species that probably behaved more as a scavenger
than as a predator. In this way, this dietary difference could support our proposal. However,
in a previous study, Rodríguez-Gómez et al. [42] argued that competition was lower in VM
than in FN3/BL due to the greater TAB of VM. Therefore, they did not relate the presence
of humans in FN3 and BL to the presence of greater amounts of resources compared to
VM, a site that does not preserve any evidence of the presence of humans [97], but rather
to climatic or biogeographic barriers to hominin dispersal that posed a delay on the set-
tlement of Western Europe until about 1.4 Ma (i.e., the age estimated for FN3/BL) [88].
Nevertheless, it is possible that conditions in FN3 and BL favored human presence due to a
more homogeneous distribution of resources among size classes. This suggestion would
argue against the proposal that the distribution of TAB in FN3/BL was driven by top-down
forces. It will be interesting to further investigate this line of work in future studies to reach
a conclusion.

Using our CC and TAB results as a reference for the analysis of the fossil record from
Orce, it is observed that VM3 and VM4 are very different from the expected values (Figure 2).
The giant hyenas, the biological agents involved in the formation of these assemblages,
mainly focused on medium and large-sized species (between 90 and 600 kg) (Table 5),
while small-sized species and megaherbivores were less relevant for them. This is more
pronounced in VM3 than in VM4, where megaherbivores make up 6% of the total, while
in VM4 they reach 19%. Nevertheless, according to our analysis, VM3 and VM4 do not
show significant differences in the family composition of their assemblages (Figure 2C,D).
This supports the suggestion of Palmqvist et al. [79] that there are no differences in the
bone accumulation and modification patterns of the agent involved in these accumulations,
P. brevirostris, only in the length of time that the skeletal remains were exposed to hyena
consumption and weathering before the assemblage was capped by sedimentation of
micritic limestone. The differences observed in VM3 and VM4 with respect to the expected
values according to CC and TAB may be due to the coincidence of the activity of different
carnivores in the selection and consumption of prey, since P. brevirostris scavenged the prey
hunted selectively by saber-toothed predators (Homotherium latidens and Megantereon whitei)
and wild dogs (Lycaon lycaonoides), being a strict scavenger of solitary habits as opposed to
the present spotted hyena, which acts more like an active hunter [76,86,98].

Significant differences with the expected values of CC and TAB are observed for BL-D.
However, it is interesting to note that no significant differences are observed between BL-D
and the VM quarries, VM3 (χ2 = 11.403; p = 0.0767) and VM4 (χ2 = 12.215; p = 0.0573).
Based on these results, we could argue that the factors involved in site formation for VM,
together with the conservation biases involved in the accumulation of bone remains at this
site [76], may have been similar to those involved in forming BL-D. It should be noted,
however, that there is evidence of the presence of humans at BL-D [22,62,63,66]. The limited
characteristics of the stone tools from FN3 and BL, including the small size of the flint
and limestone flakes, have led to the assumption that access to large and megaherbivore
prey through hunting would have been difficult for these hominins [65,86], which led
researchers to consider that the optimal strategy of these humans at BL would be that
of a strict and generalist scavenger [41]. It is most likely that these hominins played
a role similar to that of P. brevirostris at VM, although the hyena was better equipped
for aggressive scavenging (i.e., kleptoparasitism). Table 5 shows that the presence of
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megaherbivores in BL-D (17%, with hippos at 10%) is similar to that of VM4 (19%) and also
to that expected in FN3/BL (15%) according to the TAB values, but is somewhat further
from the TAB value derived for VM (13%). This suggests that the available meat resources
of megaherbivores were exploited, but that the small-sized species were exploited less
intensively than expected (Table 5). Depending on body size, carnivorous species are
limited in the exploitation of certain resources [90], with larger carnivores having the ability
and need to exploit larger prey [99]. Thus, these results appear to be consistent with the
proposed Megantereon-hominin-Pachycrocuta model for FN3 (see discussions in [65,68]),
which proposes that humans had secondary acquisition of prey remains from saber-tooths
and other top predators. Saber-tooth cats would kill prey and consume only a part of the
carcass (i.e., the softer tissues), leaving a large amount of meat and all the nutrients in the
bones intact for scavenging by humans and, subsequently, by the giant hyenas. Saber-tooths
would not focus on small prey; rather, they would take advantage of the meat resources
available in the young megaherbivores, but their preferred prey would be medium and
large ungulates (90–600 kg), as deduced by Palmqvist et al. [34,84,85] based on isotopic
analyses of fossil bone collagen in VM3.

A similar case to that of BL-D can be observed for FN3-LAL, with very close values of
medium-to-large species and megaherbivores (Table 5), with the relative percentages of
megaherbivores very close to those provided by the TAB estimates (Figure 3 and Table 5).
However, FN3-LAL shows significant differences with the other assemblages analyzed in
the proportion represented by the different families, with equids showing a high represen-
tation (Figure 3D). In terms of prey size, FN3-LAL has a greater presence of small-sized
species than the other fossil assemblages analyzed (Table 5). On the other hand, horses
are an animal resource used by humans throughout the Pleistocene and Assaf [100] has
recently argued that horses were an essential resource for Early Pleistocene humans due
to the nutritional value of their meat, especially bone marrow, which is superior to that of
other ungulates (see [100] and references therein). Given the importance of human presence
at this level of FN3, as indicated by the finding of abundant manuports (i.e., limestone
cobbles used by the hominins for breaking bones and accessing the medullary cavities;
see [22,64]), both the greater number of small-sized species and horses may be a reflection
of higher activity of humans in the FN3-LAL compared to other levels.

Regarding FN3-UAL, this is the only faunal assemblage that does not show significant
differences with the expected value of CC, with a high value of megaherbivores (42%) as
well as medium and large species (51%) and a low abundance of small species (7%) (Table 5).
In comparison with the FN3-LAL level, Espigares et al. [64] and Palmqvist et al. [101] have
suggested that this level is a death trap associated with quicksand due to its geological
composition (two-thirds of layer 5 of LAL are fine and very fine sands and the remaining
third is composed of silts and clays, which were combined with the oligosaline waters
of the Orce paleolake). The functioning of this level as a quicksand trap for herbivores is
consistent with the fact that no significant differences are observed with the values expected
by CC (Figure 3A,D). As can be seen in Figure 3, FN3-UAL gives slightly higher values than
expected for mammoths and rhinos in the CC scenario, which could be explained by the
high weight per unit area supported by their legs, which posed a risk of entrapment ([101],
see Figure 8). These results support that this methodology may allow the interpretation of
sites that functioned as traps for the fauna recorded. This would be expected if these traps
showed no relevant bias, trapping the species according to their abundance in the ecosys-
tems, which is what CC measures. The only exception would be the largest species, like
elephants, which are scarce in the ecosystem but tend to be overrepresented in the natural
traps given the elevated weight supported by their feet, which results in a greater risk of
entrapment. It will be interesting to confirm these results by applying the methodology to
other sites with conditions similar to those of the UAL level of FN3.

Given the usefulness that CC values can have in evaluating sites that originally func-
tioned as traps, could TAB be useful in evaluating the faunal composition of some sites?
Our TAB results have allowed us to discuss megaherbivore values at BL-D and their
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consistency with the subsistence strategies of humans and the giant hyenas, as well as
deviations from equid values at FN3-LAL. For this part, it is an interesting index to make
interpretative proposals on the sites, but it is a more complex index to analyze than CC,
because it is difficult to find similar and compatible scenarios for FN3-LAL, as that in
the case of the traps considered for CC. Primarily, predators select prey based on body
size [74,90–92], so large carnivores must prey on large prey species for reasons of energy
efficiency [99]. Thus, sites where large felids played a relevant role, such as the Orce sites,
do not show a high abundance of small prey because they were not frequently preyed
upon by these predators. In present-day African ecosystems, lions (Panthera leo) and
spotted hyenas (Crocuta crocuta) prey on different species, most of which weigh less than
600 kg [102,103] and their prey selection overlaps significantly [104]. In Kruger National
Park, for example, spotted hyenas prey primarily on wildebeest (Connochaetes taurinus,
163 kg), buffalo (Syncerus caffer, 520 kg), Burchell’s zebra (Equus quagga burchellii, 220 kg),
greater kudu (Tragelaphus strepsiceros, 170 kg) and impala (Aepyceros melampus, 44 kg) [105]
and for lions, buffalo, wildebeest and zebra, with a distinction between males and females,
with males preferring buffalo and females wildebeest and zebra [106]. According to the
CC values of Hatton et al. [31], buffalo, zebra and wildebeest account for approximately
30% of the total prey biomass or 67% if megaherbivores are not considered. In the case of
Kalahari (South Africa), the main prey for lions and hyenas is the gemsbok (Oryx gazella,
162 kg), with small prey such as springbok (Antidorcas marsupialis, 32 kg) or porcupines
(Hystrix, <20 kg) also taken in the absence of large ungulates [107–111]. CC estimates
for the Kalahari are very low at 258 kg/km2*year [31], with these species accounting for
>75% of CC. In Serengeti National Park (Tanzania), spotted hyenas hunt mainly wilde-
beest, Thomson’s gazelle (Eudorcas thomsonii, 18 kg) and zebra [112–114] and seven species
account for 90% of the total meat intake of lions: buffalo, kongoni (Alcelaphus buselaphus,
125 kg), Thomson’s gazelle (Gazella thomsonii, 18 kg), topi (Damaliscus lunatus, 108 kg),
warthog (Phacochoerus aethiopicus, 55 kg), wildebeest and zebra [115]. In Serengeti Na-
tional Park, total CC is approximately 2875 kg/km2*year and 2158 kg/km2*year excluding
megafauna, with these species accounting for 82% of the CC [31]. Spotted hyenas have
a preferred prey range of 56 to 182 kg, with the mode at 102 kg (Hayward 2006). This
range may be slightly higher for lions, with wildebeest being the preferred prey in parts
of South Africa and East Africa [27]. Nevertheless, both spotted hyenas and lions may
prey on young individuals of megafauna, such as elephants, giraffes, hippopotamuses and
rhinoceroses [116,117], but Hayward [104] argued that hyenas tend to avoid buffalo, plains
zebras and giraffes. Given the above, we can generally expect hyenas and lions to hunt prey
between 50 and 200 kg, which tend to be the most abundant, with megaherbivores being a
less exploited resource, as well as species under 50 kg, except in poor resource conditions,
as in the Kalahari [31,107–111]. Therefore, if we focus on the prey consumed by spotted
hyenas and lions, we will have a very biased view of the resources that could be exploited
from the ecosystem and, in turn, many difficulties in relating them to TAB values. This
could be overcome by combining different carnivore species with different preferred prey
sizes (e.g., leopard, cheetah, wild dog, etc.), which could provide a ratio of prey remains
that would approach the values of meat available in the ecosystems. However, it would be
very difficult to find an accumulation of remains of different predators preserved at the
same site and that the prey species are represented according to resource availability. For
this reason, this approach makes it difficult to obtain relative values for fossil sites similar
to those based on TAB values. Another possibility could be provided by generalist species
that could exploit all the resources of the environment with a similar preference for all
potential prey, both as scavengers and as dominant predators of the ecosystem. It will be
interesting to evaluate sites where humans exerted a major role in the paleoecosystem after
the inception of the Acheulean (i.e., mode 2) techno-culture, being the main accumulating
agent, in order to interpret their ability to exploit the resources of the ecosystems in which
they lived.
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5. Conclusions

Knowing the ecological conditions under which humans evolved during the Pleis-
tocene is of great interest in the study of human evolution, and indices such as Carrying
Capacity (CC) and Total Available Biomass (TAB) are useful to infer aspects of these
conditions in the paleoecosystems. These indices represent optimal conditions for the com-
munities studied and therefore serve as a reference for the evaluation and interpretation
of faunal assemblages. Our results lead us to propose that (i) the distribution of TAB in
FN3/BL could have been more beneficial for humans than in VM being a species with a
generalist behavior; (ii) the differences observed between the fossil assemblages and CC
and TAB values are due to the intervention of different secondary consumers; (iii) humans
may have been more important in shaping the faunal assemblage of FN3-LAL than in the
one of BL-D because the former shows a higher abundance of small herbivores and equids,
both of which were essential resources for humans in the Early Pleistocene; and (iv) the
relative abundances of taxa from FN3-UAL show consistency with the interpretation that
this level acted as a quicksand trap, showing a proportion of taxa similar to those present in
the ecosystem under CC conditions, with a slightly higher abundance of rhinoceroses and
mammoths than expected. Considering all of the above, it can be argued that the approach
of this work, using CC and TAB values to evaluate the fossil faunal assemblages, is useful
with its application in sites rich in fauna such as those of Orce. It will be interesting to use
this methodology and working perspective in other sites to test its usefulness and sites
considered natural traps could be an ideal next step.

Author Contributions: G.R.-G. wrote the main manuscript text and all co-authors made contributions.
All authors have read and agreed to the published version of the manuscript.

Funding: Funding for this research has been provided by the Spanish Ministry of Science, Innovation
and University (Refs.: CGL2016-78577-P, CGL2016-80975-P, PGC2018-093925-B-C31, PGC2018-093925-
B-C33, PID2019-111185GB-I00, PID2021-122355NB-C31), Junta de Andalucía (Refs: UMA18-FEDERJA-
188, P18-FR-3193), Generalitat de Catalunya (Ref.: 2021SGR 01238 (AGAUR)), Universidad de Málaga
(Refs.: B1-2022_13, B1-2020_24) and by research group RNM-146 of Junta de Andalucía. This research
has been authorized by the Consejería de Cultura of the Junta de Andalucía. G. Rodríguez-Gómez
enjoys a postdoctoral contract “Atracción de Talento Investigador César Nombela” (Ref. 2023-T1/PH-
HUM-29222) co-funded by the Comunidad de Madrid and the Universidad Complutense de Madrid.
I. Campaña and A. Pérez-Ramos are beneficiaries of posdoctoral grants from Junta de Andalucía.
This work has also been supported by the Madrid Government (Comunidad de Madrid-Spain) under
the Multiannual Agreement with Universidad Complutense de Madrid in the line Research Incentive
for Young PhDs, in the context of the V PRICIT (Regional Programme of Research and Technological
Innovation) (Ref. PR27/21–004).

Data Availability Statement: The results of this work are presented in this paper and are comple-
mented by those presented in the publication of Rodriguez-Gomez et al. [48].

Acknowledgments: We are grateful for the thoughtful and insightful comments provided by three
anonymous reviewers and the editors of the special issue ‘Mammals Biochronology and Paleoecology
of the Euro-Mediterranean Quaternary’. In addition, G.R.-G. would like to thank Mireia Parera and
Javier Moreno for making this work possible by their time.

Conflicts of Interest: The authors declare that they have no known competing financial interests or
personal relationships that could have appeared to influence the work reported in this paper.

Abbreviations

BL-D Barranco León-Level D
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TAB Total Available Biomass
VM3 Venta Micena quarry 3
VM4 Venta Micena quarry 4
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