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1. Introduction

Recently we (Dembitzer et al., 2022) found that the weighted
mean body mass of faunal assemblages steadily declined over the
last 1.5 million years of the Paleolithic Southern Levant. We used a
large dataset comprising 83 species from 133 stratigraphic layers
from 58 archaeological sites. We showed that this pattern of body
size decrease holds in dozens of statistical analyses of multiple
datasets, with and without controlling for factors such as paleo-
rainfall, vegetation, hominin species, temperature, type of site
(open-air, cave, rock shelter, or terrace), sampling methods, dating
methods, and variationwithin and between archaeological sites. All
our analyses had high explanatory power and pointed to a steep
decline through time. We found virtually no relationship to any
climatic or environmental predictors or climate change. Our results
are thus consistent with the effects of the novel agent in the region,
i.e., humans. We suggested that hominins preferentially (though by
no means exclusively) targeted the largest species present. Orbach
et al. (2022) instead suggest that 1. changes in prey mass through
time are better explained by cultural preferences. 2. that hominins
preferred smaller, not larger prey and 3. the archaeological record
does not represent the identities and abundances of species that
were present in the environment at a given time. The empirical
data they raise to support their claims are scant or irrelevant.
Crucially, they fail to explain extinctions that occurred in the region
or their sequence. They take issue with one aspect of our analyses
(log transformation of time), and with our interpretation that
humans caused the size decline by preferentially targeting large
prey. Orbach et al. (2022) offer no new data or analyses to support
their conclusions, nor do they account for any confounding vari-
ables. Their statistical reasoning is flawed, their specific comments,
while sometimes valid, do not detract from the overall picture we
present, and hence do not change our interpretation, and their
conclusions fail to explain the extinction that occurred in the re-
gion. We contend that, with no new evidence coming to light, the
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arguments of Orbach et al. (2022) can at best illuminate some of the
unexplained variance in our analyses.
2. Large prey

The idea that humans prefer large to small prey has a long
history in zooarchaeology (White, 1952, 1953). Analyses of ethno-
graphical accounts (Broughton et al., 2011), and prey energetic re-
turn (Kelly, 2013), arrived at the same conclusion: larger animals
provide a significantly higher return per unit energy needed to
acquire them than smaller ones. This hypothesis is based on a long
and rich history of empirical evidence based on ethnographic ac-
counts of modern humans the archaeological record, and hunting
models.

A recent review of the Early Pleistocene East African zooarch-
aeological record determined that early humans focused on “high-
yielding food-acquisition strategies involving large and very large
animals” (Linares Mat�as and Yravedra, 2022). The analysis of 60
hunts of the Hadza tribe in Tanzania shows that most of the hunted
biomass came from the largest animals in the assemblages (Ben-
Dor et al., 2021). In addition, a recent analysis of 161 ethno-
graphic accounts spanning five continents concluded that humans
prefer larger prey and species are ranked by body mass (Bugir et al.,
2021). This stands in stark contrast to the null expectation because
animal abundance declines with increasing size (Meiri, 2022), thus
one would expect that reliance on large prey requires extra effort.

Of four papers cited by Orbach et al. to make their opposing
claim, two (Byers and Ugan, 2005; Dusseldorp, 2010) clearly state
that larger fauna is ranked higher. The third (Stiner et al., 1999) only
pertains to small animals and ranks slow species (e.g., tortoises,
Testudo graeca) higher than faster species (e.g., hares Lepus capensis
and partridges, Alectoris chukar) and ignores larger game, making it
largely irrelevant to their overall argument. The fourth study
reassessed energetic returns to claim that size does not play a role
in prey ranking (Morin et al., 2021). Their (Morin et al., 2021) data,
however, were gathered from people hunting with bows and ar-
rows, and guns, that were not available to hunters for 98% of the
Paleolithic period, if at all, making the argument largely irrelevant.
Morin et al. (2021, pg. 57) further contend that “Shifts in prey
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assemblages to incorporate a higher proportion of small animals
could thus indicate not … resource depression of larger animals,
but long-term shifts in precipitation trends”. This is directly refuted,
for our dataset, by the lack of any relationship between human prey
size and precipitation.

Orbach et al. rely on scant evidence and controversial studies to
suggest that humans preferred small prey. Importantly, our in-
terpretations explain why large species declined to extinction
sequentially: once the largest species was exterminated humans
shifted their focus to the next largest. Orbach et al.’s (2022) view
fails to explain why extinctions happened.

3. Critique of our data

Orbach et al. (2022) outline three assemblages as being partic-
ularly problematic: the Manot cave (a hyena den), the natural ac-
cumulations from Rantis pitfall, and the Shishan Marsh site. They
propose that the assemblage at Rantis and Manot disprove the
preferential human hunting of large animals as the overall size of
prey is higher in them than in contemporary human-accumulated
assemblages (Orbach and Yeshurun, 2021; Yeshurun, 2013). They
claim that Shishan Marsh is a geographic outlier (Pokines et al.,
2019). The Manot hyena assemblage is not part of our dataset and
is thus irrelevant (we note, however, that hyenas, just like humans,
may preferentially choose larger prey). Rantis assemblages are
associated with negative residuals in our model, i.e., we find lower
weightedmeanmass in them than expected for their period (Fig.1).
Thus, using higher values from these sites, as Orbach et al. seem to
suggest we should, will only make our results stronger. Likewise,
body sizes in Shishan represent the largest positive residual in our
entire analysis (i.e., they havemuch higher prey sizes than expected
for the time). Thus, excluding Shishan would only strengthen our
results. To test this, we analyzed our dataset excluding the layers
from Shishan, and Rantis. The results are stronger than in our
original manuscript (R2 ¼ 0.69 vs. 0.67): mean mass declines
through time (slope ¼ �0.878 ± 0.053, P < 0.001) while global
temperatures (in the form of stable oxygen isotope values) are still
insignificant (P ¼ 0.625). Tinkering with few data points (4 of 133)
hardly calls for discarding themodel or its interpretation, especially
if such tinkering results in a stronger, not weaker, model fit.

Arguments regarding the hunting versus scavenging debate and
human exploitation of proboscideans are outdated (Orbach et al.,
2022). Alongside occasional scavenging, multiple lines of evi-
dence show early humans hunted large game, including elephants,
Fig. 1. Decline of weighted mean mass through time. Layers from Sh
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and that megafauna played a significant role in human subsistence
globally (e.g., Agam and Barkai, 2018; Bunn, 2019; Domínguez-
Rodrigo and Pickering, 2017; Guil-Guerrero et al., 2014; Guil-
Guerrero et al., 2018; Milks, 2020). Human dependency on mega-
herbivores could not be supported by opportunistic scavenging
alone. A plethora of evidence on human-elephant interactions was
recently published in an open-access volume dedicated to this issue
(Konidaris et al., 2021), which Orbach et al. (2022) do not cite. They
also claim that Paleolithic sites that bear elephant bones without
clear evidence of humanmanipulation in the form of cut marks and
thus could not be taken into account as evidence of human
exploitation of that fauna. Lower Paleolithic humans were not
raising elephants as pets, and the presence of elephant remains at
many Paleolithic habitation sites worldwide, in association with
butchering stone tools (Konidaris et al., 2021) is taken as a testi-
mony to the manipulation of these large animals by humans. Cut
marks on elephant bones are known to be rare or completely absent
due to the extremely thick periosteum, meat, and fat deposits of
elephants (Haynes and Krasinski, 2021). Should all animal remains
at prehistoric sites lacking cut marks be excluded from the
anthropogenic record? We strongly argue that elephant remains e
which were found in almost all Lower Paleolithic habitation sites,
could and should be used as indicators for human exploitation of
megafauna.

4. Overhunting or prey preference

Orbach et al. (2022) place too much importance on the figure
used to present the results of our study and disregard all quanti-
tative analyses. We ran nearly two dozen models on multiple
datasets, all of which Orbach et al. simply ignore. For the univariate
relationship presented in Figure 2 of (Dembitzer et al., 2022), they
provide a purely qualitative response and neither new data nor
new analyses. They suggest that the use of log-transformed data
provides a false perspective of prey size decline throughout the
Paleolithic of the Southern Levant. However, the statistical model is
strong (R2 > 0.8 when using archaeological sites as random effects),
and its assumptions (log-linearity, distribution of the residuals
about the regression line, homoscedasticity) are well met and
hence it is a good descriptor of the data. Moreover, the use of log-
transformed data has long been established as a sound method
for analyzing species body mass (Calder, 1984; Gould, 1966; Peters,
1983) and the use of non-log data can lead to serious mis-
interpretations of results and data (Benson et al., 2022). The role of
ishan Marsh are blue squares and Rantis Pitfall green triangles.
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statistical analyses is to explain empirical data. Our interpretation
of the model is qualitative: we never suggested that (log) size
declined linearly through time, only that it did decline. Nothing in
our interpretation hinges on the shape of this decline. There is no
logical reason to suggest we should have used a different, weaker,
linear (rather than log-linear) model (such a model explains 50% of
the variance rather than 67% within the log-transformed data),
which also does not meet the assumption of parametric regression.
Orbach et al. provide no alternative model or alternative interpre-
tation to suggest a better one, nor do they account for confounding
variables (e.g., type of site, sampling method, dating methods,
variation within and between sites, etc.).

Orbach et al. (2022) suggest some of the changes in fauna result
from a turnover of species during the Lower Paleolithic in which
large species were replaced by similar-sized relatives (eg Mam-
muthus meridionals replaced by Palaeoloxodon antiquus) (Belmaker,
2009). This is reasonable. The decline of weighted mean mass
through time, and late extinction of taxonomic families such as
Elephantidae, Rhinocerotidae, Hippopotamidae etc. we identified
(Dembitzer et al., 2022), however, are not the results of a turnover
event. Orbach et al.‘s claim that “the extremely diverse faunas (from
diverse taphonomic origins) of the Lower Paleolithic (>300 ka) are
overwhelmingly responsible for the trend” of species decline is,
however, patently incorrect. If we restrict our dataset to only
younger sites, we also find strong trends (slope �0.774 ± 0.078,
p > 0.001, R2 ¼ 0.56). We note that in our original paper we already
presented just such analyses (e.g., in Table 1 of Dembitzer et al.,
2022 analyses are entirely comprised of all the sites 250,000
years old and younger), a point Orbach et al., (2022) apparently
missed.

Orbach et al. (2022) claim that the decline in mass of faunal
assemblages through time is simply the product of human pro-
gressive preference for smaller prey “and climate fluctuations” and
that the faunal assemblages we analyzed do not represent the
species present in the environment. They somehow miss the
multiple analyses where we showed neither climate nor climate
change can explain size changes e and fail to offer any criticism
(valid or otherwise) of our climatic data and analyses. Crucially,
their scenario suggests that elephants and rhinos may still be
present in the region. We can assure them they are, unfortunately,
long gone. If this argument were to be accepted, it would lead us to
believe that the disappearance of megafauna from the archaeo-
logical record of the Americas reflects a change in prey preference
with post-Clovis technology and not the extinction of ground sloths
and mammoth. Orbach et al. simply cannot account for consistent
declines in prey size, or extinctions that did happen, whereas our
model amply explains them. We provide a much simpler expla-
nation: overhunting of large species. This may have created a need
for humans to adopt new technologies to take advantage of smaller
prey and their diminishing returns. Potentially, once large prey
became exceedingly scarce, more advanced hunting technologies
allowed utilizing the abundant smaller prey, as humans could no
longer subsist on the rare large animals. The large ones were
nonetheless still hunted when encountered, and this led to their
eventual demise.

Orbach et al. (2022) provide no quantitative analyses to support
any of their claims, nor do they account for any confounding vari-
ables. The analyses we provided (Dembitzer et al., 2022) account
for changes within and between archaeological sites, global and
local paleoclimatic and environmental factors, types of sites, and
different methods of sampling across multiple datasets. All point to
a general trend of size decline throughout the Paleolithic. Here, we
have reanalyzed our data while accounting for all cultural com-
plexes as a random effect. We find no significant changes to our
results (slope for time: ¼ �0.708 ± 0.133, P < 0.001, R2 ¼ 0.75) and
3
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global temperature is still not a significant predictor (P¼ 0.119) thus
strengthening our results considering the comments of Orbach
et al.

5. Conclusion

The decline of prey size through timewas supported bymultiple
analyses that controlled for possible effects of rainfall, vegetation,
temperature, type of site, different methods of sampling, different
methods of dating, changes between and within archaeological
sites, and the species and techno-cultural complex of hominin.
Orbach et al. provide no new data or analyses, and a flawed and
biased literature review, to support their claims. They ignore our
finding for climate not being an agent and, crucially, fail to explain
extinctions.
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